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EDITORIAL

When a liver transplant recipient goes back to alcohol
abuse: Should we be more selective?
Monica Leon, Joseph Varon, Salim Surani

Abstract

Monica Leon, Facultad de Medicina, Universidad Popular
Autonoma del Estado de Puebla, Puebla, Puebla 72410, Mexico

Alcoholic liver disease (ALD) is one of the most
common indications for liver transplantation (LT).
However, it has always remained as a complicated
topic from both medical and ethical grounds, as it
is seen for many a “self-inflicted disease”. Over the
years, the survival rate of transplanted patients has
significantly improved. The allocation system and
the inclusion criteria for LT has also undergone some
modifications. Early LT for acute alcoholic hepatitis has
been subject to recent clinical studies with encouraging
results in highly selected patients. We have learned
from studies the importance of a multidisciplinary
evaluation of candidates for LT. Complete abstinence
should be attempted to overcome addiction issues and
to allow spontaneous liver recovery. Risk factors for
relapse include the presence of anxiety or depressive
disorder, short duration of sobriety pre-LT and lack of
social support. The identification of risk factors and
the strengthen of social support system may decrease
relapse among these patients. Family counseling of
candidates is highly encouraged to prevent relapse to
alcohol. Relapse has been associated with different
histopathological changes, graft damage, graft loss
and even decrease in survival among some studies.
Therefore, each patient should be carefully selected
and priority is to continue to lean on patients with high
probability of success. The ethical issue remains as to
the patient returning to drinking after the LT, hindering
the way for other patients who could have received the
same organ.
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After the experimental years and over the last
decades, there have been several changes in liver
transplant indications and allocation system (UNOS).
Initially, priority allocation was established based
on “sickest first”, meaning ICU’s patients with acute
complications - acute esophageal varices, hepatorenal
[15]
syndrome or portosystemic encephalopathy . The
original allocation system was based on the ChildTurcotte-Pugh score. This was later proven to be suboptimal in predicting the mortality and prioritization of
[15]
patients . In 2002, the national UNOS adopted the
model for end stage liver disease (MELD) allocation
[16]
system . The MELD was developed to screen for shortterm prognosis, and prioritize candidates according to
disease severity, based on serum creatinine, serum
bilirubin, international normalized ratio of prothrombin
[17]
time (INR) and serum sodium .
Given the geographical disparity in organ allocation
as seen by the disparities in waiting list and differences
between units of organ, in 2013, the “Share 35” policy
was implemented. Such policy instructs to give priority
[18]
to candidate recipients for LT with MELD > 35 .
Following this implementation, the waiting list for
patients with MELD > 35 decreased from 18 d to 9 d in
[19]
the last 2 years .
Currently, the accepted indications for LT are:
acute liver failure, cirrhosis (with complications), liver
metabolic diseases with systemic manifestations and
[20]
systemic complications of chronic liver disease . The
latest guidelines for LT emphasize the importance of
a multidisciplinary evaluation process; hepatology
evaluation, surgical evaluation, laboratory testing,
cardiac evaluation, hepatic imaging, psychiatry,
psychology or mental health professional consultation,
social work evaluation, financial and insurance
[20]
counseling and nutritional evaluation .
As noted, ALD accounts for the second most
[3,21]
common indication for LT
. ALD comprises subclinical
biochemical damage, fatty liver, steatohepatitis,
fibrosis and cirrhosis that can end up in end stage liver
[21,22]
disease
. Other alcohol-induced entities include AAH
[3,21,22]
and hepatocellular carcinoma
. On alcohol-induced
injuries, the current guidelines continue to enforce the
minimum of 6-mo of abstinence, this time is required
to allow addiction issues to be addressed and helps
in allowing spontaneous liver recovery. For patients
with cirrhosis, LT is recommended once complications
(ascites, hepatic encephalopathy, variceal hemorrhage
or hepatocellular dysfunction) results in a MELD score
[20]
> 15 . An entity that requires special consideration is
AAH, a syndrome presenting with abdominal pain, fever,
[3]
jaundice and acute hepatic decompensation . Without
transplantation, the probability of death in this group of
[9,23,24]
patients is high and 70%-80% die within 6 mo
.
Significant controversy on LT for alcoholic hepatitis
[9]
exist . Mathurin and coworkers examined patients
that were not responding to medical treatment and
that underwent an early liver transplant. Those pati

Core tip: Alcoholic liver disease is one of the most
common indications for liver transplantation (LT). The
selection criteria of the majority of transplant programs
require 6-mo of complete abstinence, with the aim
to allow spontaneous liver recovery and to overcome
addiction issues. The evaluation of LT candidates
should be multidisciplinary with a strong emphasis
in family and social support and a strong patient
commitment of abstinence to prevent relapses.
Leon M, Varon J, Surani S. When a liver transplant recipient goes
back to alcohol abuse: Should we be more selective? World J
Gastroenterol 2016; 22(20): 4789-4793 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i20/4789.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i20.4789

Liver transplantation (LT) has become an accepted
therapy for some patients with end-stage liver disease.
The use of LT for alcoholic liver disease (ALD) continues
to be controversial from both medical and ethical point
[1,2]
of view . However, it remains a common indication
[1,3,4]
for LT worldwide
.
One of the strongest ethical arguments against LT
for ALD is the probability of relapse. For a patient to be
listed as candidate for LT, 6 mo of abstinence must be
achieved in most liver transplantation centers. Studies
differ in the validation of this “6-mo rule” as well as in
the real impact that relapse to drinking could have on
[5-8]
the transplanted liver . Recent studies have shown
similar survival rates among LT for ALD and other
[1]
chronic causes of end-stage liver disease recipients .
Early transplantation for acute alcoholic hepatitis (AAH),
[9,10]
for example, has promising results
. However, a
special multidisciplinary approach for alcoholic patients
pre- and post-LT should be pursue with a goal of
complete abstinence when possible.
[11]
Ever since Starzl et al , reported in 1963 the
first three successful cases of liver transplantations in
humans, an interest in increasing the use of life-saving
intervention has evolved. By 1968, these investigators,
reported the results of seven patients, one of them
[12]
with 1-year post-transplant survival . The next
decade was characterized by important advances
in tissue preservation, surgical techniques, control
of infections and advances in immunosuppressive
[13]
therapy with decrease in tissue rejection . By 1979
there were about 318 human LT reported worldwide.
The majority of them, performed at the University
of Colorado (United States) and at the University
Hospital at Cambridge and King’s College Hospital
[14]
(United Kingdom) . In 1979, 15 years after the first
LT, the 1-year survival rate had improved from to 28%
[13]
to 50% . Years later, the Organ Procurement and
Transplantation Network was established by the United
States government in 1987, operating under the
[15]
United Network for Organ Sharing (UNOS) .
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ents that received an early LT had a significant higher
survival than the patients in the medical therapy
[9]
group . Despite the favorable results, it should be
noted that all the patients in this study were carefully
selected and that 90% of non-responders to medical
treatment were excluded due to a predisposition to
addiction or unfavorable social or familial profiles.
One of the key inclusion criteria for the enrollment in
this pilot study, was the patient agreement to adhere
to total alcohol abstinence. After LT, 3 out of 26 had
alcohol consumption (11.5%). The authors concluded
that the low rate of alcohol relapse was probably
related to the carefully selection of recipients. More
recently, Im and associates conducted a similar study
in the United States, where early LT, in highly selected
patients with severe alcoholic hepatitis, resulted in
[10]
improved outcomes .
The main concerns remain the high chance of al
cohol intake relapse after LT, which has been reported
[25]
from 7%-95% . The significant differences among
data can be explained by differences in the use of terms
“recidivism” and “relapse”, which some studies utilize to
define any alcohol intake, and in others to define heavy
[1,3,26-28]
drinking
. Relapse to “harmful drinking” has been
[7,8,29-31]
reported in 8%-21% of LT recipients
. Occasional
drinks “slips”, may not cause a significant graft damage,
but with a history of alcoholism, it would be difficult
to predict if these so called “slips”, could end up in
[1,32,33]
complete relapse and harmful alcohol abuse
.
In an attempt to predict this risk, several analyses
[29,34-36]
have been done
. Yates and coworkers used
the high-risk alcoholism relapse (HRAR) scale, which
consisted of evaluating the duration of heavy drinking,
usual number of daily drinks, and inpatient treatment
[37]
due to alcohol consumption . In another study, 387
LT recipients were retrospectively analyzed by De
[29]
Gottardi et al , finding an 11.9% relapse (harmful
alcohol consumption). The presence of anxiety or
depressive disorder, duration of sobriety of less than
6 mo, elevated HRAR score and age, were among
the factors associated with increased risk of alcohol
[29]
relapse .
Alcohol-induced injuries to allografts have been
[8,28,38]
well documented
. In a retrospective study, Rice
and coworkers evaluated the association between
[28]
relapse and graft damage . In this study, any
alcoholic relapse was associated with increased risk
of damage to the transplanted liver and particularly
heavy drinking was associated with allograft loss (P =
[28]
0.008) . Although most studies have found evidence
of liver damage among relapse patients, they differ in
[27,38]
reference to alcohol relapse and mortality rates
.
Despite the established criteria regarding the 6-mo
rule of abstinence, the sobriety time before LT is a
[6]
strong predictor of relapse among recipients . While
on the waiting list, mandatory blood alcohol levels,
urinary ethyl glucuronide and assistance to alcohol
addiction units (AAU) could be used as strategies to
[26,39,40]
prevent relapses
. In addition, the support of
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an AAU within the LT center has showed to decrease
the prevalence of alcohol relapse. Carbonneau et
[40]
al
studied the incidence of drinking while on the
LT waiting list. They randomly checked blood alcohol
levels, and 17% of them were found to relapse on
drinking alcohol while on the LT waiting list. The time
of relapse ranged from 2-23 mo. Interestingly, the
increase of random blood alcohol level measurements
was related to a decrease in alcohol use. Patients may
have had lower alcohol ingestion by the fear of being
[40]
caught and withdrawn from the list .
[26]
Addolorato et al
implemented the presence of
an AUU in the LT center. Patients who were followup at the AUU had a lower relapse than the patients
who were not seen by this unit (16.4% vs 35.1%
respectively).
LT as a therapeutic option for alcoholic liver disease
continues to be controversial. Different ethical and
medical opinions preclude it to be fully accepted.
Organ allocation for patients in whom the liver da
mage is considered to be self-inflicted may not be
[2,29,41]
well accepted
. Yet, this practice continues. This
may be causing conflict with the public opinion and
may result in an unfavorable change in willingness to
[2,5]
donate .
In an effort to assess the opinion on allocation
[42]
priorities for LT, Neuberger et al
conducted a survey
based study among general public, family doctors and
gastroenterologists. Among groups a hypothetical
alcoholic man and a prisoner were found to have lower
[42]
priority for liver transplant allocation .
It is clear that given the current organ shortage,
priority should be given to patients with high probability
of success. For ALD, complete abstinence should
be sought to allow possible liver repair and avoid
unnecessary LT. Abstinence pre and post LT may be
reinforced by the implementation of strict clinical and
laboratory screening for alcohol relapses and strong
support groups. AAU and strong social support system
along with closer follow-up post transplant may
help in preventing relapse on alcohol. The selection
criteria should play a strong emphasis of the family
environment and social structure and family counseling
and alcohol abstinence should be also sought from
family members prior to transplanting the patient with
alcoholic liver disease to prevent future relapse. In cases
of AAH, more multi-center studies with larger samples
are needed to make solid conclusions.
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Inflammatory bowel disease and cancer: The role of
inflammation, immunosuppression, and cancer treatment
Jordan E Axelrad, Simon Lichtiger, Vijay Yajnik

Abstract

Jordan E Axelrad, Simon Lichtiger, Department of Medicine,
Division of Digestive and Liver Diseases, Columbia University
Medical Center, New York, NY 10032, United States

In patients with inflammatory bowel disease (IBD),
chronic inflammation is a major risk factor for the
development of gastrointestinal malignancies. The
pathogenesis of colitis-associated cancer is distinct
from sporadic colorectal carcinoma and the critical
molecular mechanisms underlying this process have
yet to be elucidated. Patients with IBD have also
been shown to be at increased risk of developing
extra-intestinal malignancies. Medical therapies
that diminish the mucosal inflammatory response
represent the foundation of treatment in IBD, and
recent evidence supports their introduction earlier in
the disease course. However, therapies that alter the
immune system, often used for long durations, may
also promote carcinogenesis. As the population of
patients with IBD grows older, with longer duration
of chronic inflammation and longer exposure to im
munosuppression, there is an increasing risk of cancer
development. Many of these patients will require cancer
treatment, including chemotherapy, radiation, hormonal
therapy, and surgery. Many patients will require further
treatment for their IBD. This review seeks to explore
the characteristics and risks of cancer in patients with
IBD, and to evaluate the limited data on patients with
IBD and cancer, including management of IBD after a
diagnosis of cancer, the effects of cancer treatment on
IBD, and the effect of IBD and medications for IBD on
cancer outcomes.
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Core tip: Patients with inflammatory bowel disease
(IBD) and cancer represent a challenging population.
Gastroenterologists and oncologists caring for patients
with IBD and cancer are increasingly confronted with
questions regarding the management of IBD after a
diagnosis of cancer, and conversely, the management
of cancer in patients with IBD. This review seeks to
explore the characteristics, risks, and pathogenesis
of cancer in patients with IBD, and to evaluate the
data on patients with IBD and cancer, including the
interaction between IBD and cancer treatment.

Table 1 Cancer secondary to chronic intestinal inflammation
Cancer type
Colorectal cancer[3]
Small bowel
adenocarcinoma[20]
Intestinal lymphoma[36]
Anal cancer[60]
Cholangiocarcinoma[23]

5.7 (95%CI: 4.6-7.0)
27.1 (95%CI: 14.9-49.2)
17.51 (95%CI: 6.43-38.11)
Data not available
916.63 (95%CI: 297.88-2140.99) in UC

UC: Ulcerative colitis.

bowel adenocarcinoma, intestinal lymphoma, anal
[6]
cancer, and cholangiocarcinoma (Table 1) .
The risk and pathogenesis of inflammation-asso
ciated cancer has chiefly been described in colitisassociated CRC. In a meta analysis, quantitative
estimates of CRC risk in UC have been reported to
be 2% after 10 years, 8% after 20 years, and 18%
[3]
after 30 years of disease . Moreover, studies of CRC
in UC have noted a high concordance between CRC
risk with the location and extent of disease, with a
standardized incidence ratio (SIR) of 1.7 for proctitis,
[7]
2.8 for left-sided colitis, and 14.8 for pancolitis . All of
these studies support the strong association between
inflammation and cancer development.
Patients with IBD develop colon cancer in a
manner similar to well described sporadic molecular
mechanisms including mutations in the adenomatous
polyposis coli (APC) gene, aneuploidy, DNA methy
lation, microsatellite instability (MSI), activation of the
oncogene k-ras, activation of COX-2, and mutation
in tumor suppressor genes DCC/DPC4, and eventual
[8]
loss of p53 function . However, underlying colonic
inflammation changes the timing and sequence of
these genomic changes, yielding a process of car
[4]
cinogenesis that is faster and multifocal . Contrary to
sporadic cancers in which the dysplastic precursor is
the adenomatous polyp, dysplasia in patients with IBD
[4,9]
can be localized, diffuse, or multifocal .
Studies mapping genomic instability secondary
to DNA aneuploidy in patients with IBD indicate that
these cell populations became more widely distributed,
[9]
occupying larger areas of colonic mucosa . Over time,
further subpopulations with increasingly unstable
genomics arise and expand, representing a whole field
change, marking the entire colon at risk for further
[9,10]
carcinogenesis
.
In terms of specific molecular mechanisms that
differ between colitis-associated cancer and sporadic
cancer, early mutation in p53 is thought to play a
fundamental role. Changes in p53 have been found in
[11]
up to 85% of colitis-associated cancers . Furthermore,
alterations in p53 have been observed in biopsies from
inflamed mucosa in more than 50% of patients with
UC who did not have cancer, indicating a significant
[12]
role of inflammation in these mutations . In addition,
loss of APC, an early event in the development of
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INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are
chronic inflammatory conditions of the gastrointesti
nal tract. Although the disease pathogenesis is not
fully understood, inflammatory bowel disease (IBD)
is characterized by chronic inflammation of the
gastrointestinal tract in genetically susceptible individuals
exposed to environmental risk factors. Together, IBD
is estimated to affect more than 0.4% of Europeans
and North Americans, a number that is expected
[1]
to increase over time . It is well recognized that
patients with IBD are at an increased risk of developing
colorectal cancer (CRC), primarily the result of chronic
[2-4]
intestinal inflammation . More recently, patients with
IBD have also been shown to be at increased risk of
developing extra-intestinal malignancies, thought to be
a consequence of immunosuppressive therapies and an
[5]
underlying inflammatory state .
As the population of patients with IBD grows
and ages, there is an inevitable increase in the risk
of cancer development. Moreover, many of these
patients may require cancer treatment, including
chemotherapy, radiation, and immunotherapy, and
many may require further treatment for their IBD. The
focus of this review is to evaluate the characteristics,
pathogenesis, and risks of cancer in patients with
IBD, and to explore the relationship between IBD and
cancer treatment.

IBD AND RISK OF CANCER
Cancer secondary to chronic intestinal inflammation

In patients with IBD, chronic intestinal inflammation
is the primary risk factor for the development of
gastrointestinal malignancy. Cancers as a result of
chronic intestinal inflammation include CRC, small
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[18,19]

controls
. Although we are just beginning to
understand the association between specific gas
trointestinal microbes and cancer, much remains
unknown regarding the causes and effects of these
relationships and how manipulating the microbiome
may have therapeutic potential.
In addition to CRC, small-bowel adenocarcinoma,
specifically ileal carcinoma, has been shown to be
significantly associated with the severity and duration
of CD, and it is 20 to 30 fold more common in pati
[20]
ents with CD compared to the general population .
Moreover, it is often found in areas with previous or
synchronous ileal dysplasia, suggesting that it may
evolve in a similar manner to the molecular and
[21]
immune mechanisms of CRC described above . In
addition, cholangiocarcinoma, when associated with
UC-primary sclerosing cholangitis (PSC), yields a risk
nearly 160 fold greater than controls, suggesting the
inflammatory state of IBD-PSC may contribute to
[22,23]
biliary carcinogenesis
.

Table 2 Cancer secondary to immunosuppression
Increased risk under antimetabolites

Increased risk
under antiTNFα

Increased risk under
anti-metabolite with
anti-TNFα

Non-Hodgkin lymphoma[33-35]

Melanoma[42]

Hepatosplenic T-cell
lymphoma[38]

Acute myeloid leukemia and
Myelodysplastic syndromes[61]
Non-melanoma skin cancers
(basal and squamous cell
carcinomas)[39-41]
Urinary tract cancers[62]
TNF-α: Tumor necrosis factor alpha.

sporadic CRC, is less frequent and tends to occur later
[13]
in colitis-associated cancer . DNA methylation also
differs with increased hypermethylation of several
genes, including hMLH1 and p16, occurring earlier and
[14]
contributing to microsatellite instability .
The immune response and oxidative stress play
a critical role in the initiation and progression of
carcinogenesis, contributing to the aforementioned
molecular mechanisms leading to cancer. The inflam
matory microenvironment of IBD, consisting of a
variety of immune cells, epithelial cells, stromal cells,
cytokines, and chemokines, has many similarities to
the microenvironment of cancers, suggesting similar
inflammatory mediators and mechanisms that promote
[15]
both IBD and cancer development . These mediators,
produced by inflammatory cells, include tumor necrosis
factor alpha (TNF-α), ILs-1, 6, 12, 13, 17, 22, and
[15]
23 . The interaction between the signaling of these
cytokines and immune response play a major role in
inflammation and colitis-associated cancer.
The increased expression of several inflammationassociated genes in IBD, such as cyclooxygenase-2
(COX-2) and nitric oxide synthase-2 (NOS-2), have
[12]
also been noted in colonic neoplasia . It is thought
that reactive oxygen and nitrogen species produced
by inflammatory cells expressing these genes not only
directly damage colonic epithelium, but also contribute
[9]
to the genetic alterations driving carcinogenesis .
In addition, alterations in the microbiota contribute
to colitis-associated cancer. In mouse models of colitisassociated cancer susceptible to inflammation or cancer,
cancer did not develop when the mice were germ[16,17]
free or treated with antibiotics
. Studies of the
microbiota in patients with CRC have demonstrated
varying populations of bacteria that differ from cancerfree controls, suggesting that the complex interaction
between the host genome, colonic epithelial-cell
receptors, and the luminal microbiota create an
environment conducive to carcinogenesis. Stool
samples derived from CRC patients had higher levels
of Fusobacterium, Enterococcus, Escherichia, Shigella,
Klebsiella, Streptococcus, and Peptostreptococcus,
Firmicutes, Bacteroidetes, and a depletion of bacteria
belonging to Lachnospiraceae family compared to

WJG|www.wjgnet.com

Cancer secondary to immunosuppression

Given that chronic inflammation underlies the disease
state of IBD, medications that mitigate inflammation
by suppression of the immune system represent
the cornerstone of treatment. In addition to treating
IBD, it is postulated that these medications, such
as immunomodulators [thiopurines (azathioprine or
mercaptopurine) or methotrexate] and biologic agents
(TNF-α antagonists), may reduce the incidence of
inflammation-associated cancer. However, given that
immunomodulators and biologic agents act on the
immune system, they may also promote carcinogenesis.
Thiopurines and methotrexate promote the deve
lopment of cancer by a variety of mechanisms including
direct alteration in DNA, activation of oncogenes,
reduction in physiologic immunosurveillance of malignant
cells, and impaired immune control of oncogenic
[24-26]
viruses
. Less is known about the carcinogenic
potential of biologic therapies that block TNF-α and
existing molecular data is inconsistent. TNF-α has
been shown to exhibit anti-tumor effects by initiating
cellular apoptosis of malignant cells, but it is secreted by
most tumors to facilitate cellular survival and enhance
neoplastic proliferation as a pro-tumor inflammatory
[27-29]
cytokine
.
Several studies have indicated a risk of therapyassociated malignancies in IBD patients. Populationbased cohort and meta-analyses have demonstrated
that current use of thiopurines for IBD is associated
with a 1.3 to 1.7 overall relative risk of cancer, which
[30,31]
is reversible after withdrawal
. Current exposure
to TNF-α antagonists has not been shown to be
associated with an overall excess risk of cancer,
[32]
but data is very limited . Specific cancers thought
secondary to long-standing immunosuppression in
the setting of IBD include lymphomas, acute myeloid
leukemia, myelodysplastic syndromes, skin cancers,
and urinary tract cancers (Table 2).
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For lymphoma, multiple studies have demonstrated
incidence ratios of non-Hodgkin lymphoma following
thiopurine exposure ranging from 1.6 to 37.5, with no
[33-35]
excess risk attributed to IBD itself
. The exception
to this is primary intestinal lymphoma, where duration
[36]
and severity of CD play a primary role . In the setting
of thiopurines, most lymphoma is Epstein-Barr virus
(EBV)-associated and thought to result from the loss
[37]
of immune control of EBV-infected B lymphocytes .
Furthermore, there have been several cases of fatal
early postmononucleosis lymphoma in young men who
[33]
are previously seronegative for EBV . In addition,
Hepatosplenic T-cell Lymphoma, though very rare,
is primarily associated with thiopurine exposure in
combination with TNF-α antagonists in both adolescent
[38]
and young males . However, recent data suggests
that there is no excess risk of lymphoma in patients
[32]
with IBD exposed to TNF-α antagonists .
In a study from the Cancers Et Surrisque Associé
aux Maladies inflammatoires intestinales En France
(CESAME) cohort, the risk of myeloid disorders was
not increased among patients with IBD or ongoing
thiopurine treatment (SIR = 1.54, 95%CI: 0.05-8.54),
but patients with past exposures to thiopurines had
an increased risk of myeloid disorders (SIR = 6.98;
[31]
95%CI: 1.44-20.36) .
For skin cancers, there is substantial evidence
that thiopurines increase the risk of basal cell and
squamous cell carcinomas, collectively known as
[39-41]
nonmelanoma skin cancers (NMSC)
. In another
study from the CESAME group, an increased risk of
NMSC was observed in the patients with IBD and
associated with ongoing thiopurine exposure (HR =
5.9; 95%CI: 2.1-16.4) and past thiopurine exposure
[41]
(HR = 3.9; 95%CI: 1.3-12.1) . However, in a large
retrospective cohort of patients with IBD, there was no
excess risk of nonmelanoma skin cancer attributable
[40]
to TNF-α antagonists . In addition, studies have
demonstrated an increased risk of melanoma in
patients with IBD, with no increased risk associated
[40-42]
with thiopurine exposure
. Conversely, patients
exposed to TNF-α antagonists have been found to
be 1.5 to 2 times more likely to develop melanoma
to patients with IBD who were not exposed to TNF-α
[32]
antagonists . As such, thiopurines increase the risk
of NMSC whereas TNF-α antagonists increase the risk
of melanoma.

As such, oncologists and gastroenterologists generally
suspend immunosuppression for IBD after a diagnosis
of cancer, both while undergoing cancer treatment
and during remission from cancer. This approach may
worsen IBD and even complicate appropriate cancer
management. Although there is little data on patients
with IBD and a history of cancer, there is emerging data
regarding the management of IBD after a diagnosis of
cancer.
In 17047 patients in the CESAME prospective ob
servational cohort, exposure to immunosuppression
was independently associated with the development
of cancer with an adjusted HR of 1.9 (95%CI:
[31]
1.2-3.0) . However, it did not increase the risk of
new or recurrent cancer in patients with a history of
[31]
cancer . Given the limited number of patients with
IBD and a history of cancer with subsequent exposure
to immunosuppression in the cohort, this conclusion
only applied to thiopurine exposure and no conclusions
[31]
were drawn on anti-TNF-α therapies .
A similar study from the New York Crohn’s and
Colitis Organization (NYCCO) representing a consortium
of 8 academic medical centers found that nearly 30%
of patients with IBD and a history of cancer developed
[45]
new or recurrent cancer . However, exposure to
TNF-α antagonists, antimetabolites, or the combination
was not associated with an increased risk of new or
recurrent cancer within 5 years following a diagnosis
[45]
of cancer (Log-rank P = 0.14) . Furthermore, after
adjusting for the risk of recurrence of prior cancer, there
was still no difference in risk of new or recurrent cancer
between exposure groups (anti-TNF-α HR = 0.32,
95%CI: 0.09-1.09; anti-TNF-α with an antimetabolite
HR = 0.64, 95%CI: 0.26-1.59; antimetabolite HR =
[45]
1.08, 95%CI: 0.54-2.15) .
In addition, data from NYCCO showed that
duration of anti-TNF-α after a diagnosis of cancer
was not associated with the risk or type of new or
[45]
recurrent cancer . Studies within the rheumatoid
arthritis literature corroborate these findings with
data demonstrating no difference in the development
of new or recurrent cancer in patients with a history
of cancer who were subsequently exposed to antiTNF-α agents compared with those receiving disease[46,47]
. However,
modifying anti-rheumatic drugs alone
given small sample sizes, these studies often grouped
different types of cancers together. In the NYCCO
study for example, all solid malignancies, such as
breast, prostate, and lung, were grouped together. This
statistical approach may not reflect the natural biologic
activity of carcinogenesis and the direct effects of
immunosuppression on cancer development, limiting
the ability to draw conclusions on specific cancers.

Secondary or recurrent cancer in patients with a history
of cancer

Given the above-mentioned risks of immunomodulator
and biologic-associated malignancy, patients with a
history of cancer were excluded from clinical trials of
TNF-α antagonists. Additionally, there is substantial
data within the transplant literature indicating that
immunosuppression, such as thiopurines and calcineurin
inhibitors, increases the risk of new and recurrent
[43,44]
malignancies in patients with a history of cancer
.
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CANCER TREATMENT AND IBD
While data on the risk of new or recurrent cancer
under immunosuppression in patients with IBD and
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a history of cancer is limited, though increasing,
considerably less is known regarding the effects of
cancer treatment on IBD, and the effect of IBD and
medications for IBD on important cancer outcomes.

in these patients is largely unknown. There exists
[50]
only one study in the literature from Green et al
which retrospectively examined 47 patients with
IBD and rectal cancer treated over a 34-year period
(1960-1994) from the Mount Sinai Hospital, New
York. The authors found a five-year overall survival
rate of 42% and disease-free survival of 43%, which
were comparable to results published for non-IBDassociated rectal cancer at that time, however, patients
[50]
with high-grade tumors had statistically lower rates .
Complications, such as gastrointestinal morbidity or
small bowel obstruction, were comparable to those
reported in several large randomized trials of adjuvant
chemoradiation therapy in rectal cancer arising in the
[50]
general population .
In terms of chemotherapy and associated cancer
outcomes, a small study on 8 patients with IBD and
gastrointestinal malignancy showed that the most
common gastrointestinal adverse event was diarrhea,
with 38% of patients experiencing greater than 7 stools
per day over baseline and/or fecal incontinence, all of
[51]
which occurred in patients with CD . Several studies
have examined the effect of IBD medications on cancer
outcomes. Multiple studies have demonstrated a role
of anti-TNF-α in improving cachexia and increasing
chemotherapy tolerance in patients with non-small
cell lung cancer, renal cell carcinoma, and pancreatic
[52-54]
cancer
. Moreover, in patients treated with TNF-α
antagonists, the occurrence of cancer during treatment
was not associated with a worse prognosis, and may
even have a protective effect by reducing aggressive
[55,56]
metastatic breast cancers at a cellular level
.

Effect of cancer treatment on IBD

In a study from the Massachusetts General Hospital,
84 patients with IBD and extra-intestinal cancer
were assessed for the effect of cancer treatment on
[48]
the course of IBD . The authors found that 66.7%
of patients with active IBD at their cancer diagnosis
experienced remission from IBD thought secondary to
cytotoxic chemotherapy. Conversely, 17.4% of patients
in remission from IBD at their cancer diagnosis
experienced a flare during or within 5 years after
[48]
their cancer treatment . In the remission group, the
authors found the risk of flare to be greatest among
patients who received hormonal therapies (combination
cytotoxic chemotherapy with adjuvant hormone
therapy HR = 12.25, 95%CI: 1.51-99.06; hormone
monotherapy HR = 11.56, 95%CI: 1.39-96.43).
This suggests that hormonal therapies for cancer,
such as breast and prostate, may increase the risk
of IBD reactivation or counter the protective effects
[48]
of cytotoxic chemotherapy . A majority of patients
with active IBD at their cancer diagnosis appeared
to benefit from cancer treatment in the form of IBD
remission, which was much more likely if the cancer
treatment included cytotoxic chemotherapeutics and
less likely if patients were treated with hormonal
[48]
monotherapy .
In this cohort, there was no appreciable modification
in IBD medications after a diagnosis of cancer. TNF-α
antagonists were continued in three patients and the
proportion of patients maintained on immunomodulators
decreased slightly from 22% to 14% after a cancer
[48]
diagnosis . These data, however, were not compared
to a control group of patients without chemotherapy
or without cancer to assess whether patients with IBD
and extra-intestinal cancer experienced a course of IBD
different from patients without chemotherapy or cancer.
However, other studies have demonstrated a major
modification in IBD medications after a diagnosis of
cancer. In a study from a French clinical prospective
database, a diagnosis of extra-intestinal cancer had a
marked impact on the management of IBD, but was
not associated with significant modifications in activity
[49]
of IBD . A diagnosis of extra-intestinal cancer led to
some changes in therapeutic strategy, with a lesser
use of thiopurines (19% vs 25%, P < 0.001) and an
increased use of intestinal surgery (4% vs 2.5%, P =
[49]
0.05) .

Immunotherapies for cancer and immune-related colitis

Immunotherapy for cancer has shown promise in
cases refractory to conventional treatment. However,
unguided immune stimulation in cancer patients
presents its own challenges. There are several reports
of anti-cytotoxic T-lymphocyte-associated protein-4
antibodies used for melanoma, such as ipilimumab,
and programmed cell death-1 receptor inhibitors used
for melanoma and non-small cell lung cancer, such
as and nivolumab, producing an immune-related
[57,58]
colitis that is remarkably similar to IBD
. These
medications, particularly when used in combination,
result in clinical symptoms, endoscopic manifestations,
and pathologic cellular infiltrates that emulate IBD.
Fortunately, the majority of these cases respond to
conventional treatments for IBD such as systemic
[57,58]
corticosteroids, budesonide, and infliximab
.
In a recent study, 50% of patients with advanced
melanoma and baseline autoimmune disease, such as
rheumatoid arthritis, IBD, and psoriasis, experienced
either autoimmune exacerbations or immune-related
[59]
adverse reactions when treated with ipilimumab .
These reactions were generally manageable with
standard treatment including corticosteroids and
[59]
infliximab . As the field of immunotherapy for cancer

Effect of IBD on cancer

Little is known regarding specific cancer outcomes
in patients with IBD. Oncologists have generally
been reluctant to administer pelvic irradiation in the
setting of IBD, as the tolerance of pelvic irradiation
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evolves, we may see an increase in immune mediated
colitis, which highlights the important role for T-cell
checkpoint inhibitors in exacerbating IBD or causing an
IBD-like colitis.

6
7

CONCLUSION
Patients with IBD are at an increased risk of cancer
secondary to long-standing intestinal inflammation
and secondary to immunosuppressive therapies. As
the population of patients with IBD ages, there is an
increasing risk of cancer development. Many of these
patients will require cancer treatment and many will
require further treatment for their IBD.
Much research is being devoted to exploring the
role of chronic intestinal inflammation from IBD in
carcinogenesis, and the role of immunosuppressive
medications used to treat IBD in the promotion and
prevention of cancer. Despite these efforts, much
remains unknown regarding the interaction between
IBD, medications for IBD, and cancer treatment, and
the risk of cancer recurrence in patients with IBD and
a history of cancer.
Understanding the effects of chemotherapy, hor
monal therapies, radiation, and surgery for cancer on
IBD may help identify patients at the highest risk for
disease exacerbation during and after specific cancer
treatments, especially in those who may require reinitiation of immunosuppressive therapies for IBD. In
addition, while retrospective data has demonstrated
some evidence for the safety of immunosuppression
in patients with IBD and a history of cancer, pro
spective data are needed to validate these findings.
Furthermore, data is lacking regarding specific cancers,
treatments, and risk of recurrence under varying
immunosuppressive medications for IBD. More data will
permit the development of evidence-based, quantitative
risk-benefit models including cancer and IBD-related
variables to assist clinicians in managing this complex
patient population.
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Abstract
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Inflammatory bowel disease (IBD) could be associated
with several extra-intestinal manifestations (EIMs)
involving musculoskeletal, hepatopancreatobiliary, ocular,
renal, and pulmonary systems, as well as the skin. In
the last years, hidradenitis suppurativa (HS) is acquiring
an increasing interest. IBD, especially Crohn’s disease
(CD), is among the most reported associated diseases
in HS patients. The aim of this paper is to give a brief
overview of data showing a possible epidemiologic and
pathogenetic association between IBD and HS. We
performed a pooled-data analysis of four studies and
pooled prevalence of HS in IBD patients was 12.8%,
with a 95%CI of 11.7%-13.9%. HS was present in
17.3% of subjects with CD (95%CI: 15.5%-19.1%)
and in 8.5% of UC patients (95%CI: 7.0%-9.9%).
Some items, especially altered immune imbalance,
are generally involved in IBD pathogenesis as well as
invoked by HS. Smoking is one of the most relevant
risk factors for both disorders, representing a predictor
of their severity, despite, actually, there being a
lack of studies analyzing a possible shared pathway.
A role for inheritance in HS and CD pathogenesis
has been supposed. Despite a genetic susceptibility
having been demonstrated for both diseases, further
studies are needed to investigate a genetic mutual
route. Although the pathogenesis of IBD and HS is
generally linked to alterations of the immune response,
recent findings suggest a role for intestinal and skin
microbiota, respectively. In detail, the frequent finding
of Staphylococcus aureus and coagulase-negative
staphylococci on HS cutaneous lesions suggests a
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[2]

of IBD and includes peripheral arthropathy, sub
classified in pauciarticular, polyarticular forms, and
axial arthropathy, such as sacroileitis and spondilitis.
Primary sclerosing cholangitis represents the most
common cause of hepatobiliary involvement in IBD
[3,4]
patients, especially in UC . Ocular complications,
including episcleritis, scleritis and uveitis, occur more
frequently in patients with isolated small intestinal
[2]
CD .
Different dermatological manifestations may
arise during the course of IBD. Indeed, pyoderma
gangrenosum, psoriasis, Sweet’s syndrome, aphthous
stomatitis can be observed, even if erythema nodo
sum represents the most common IBD-associated
dermatological disease. Moreover, in recent years,
hydradenitis suppurativa (HS) has been acquiring an
increasing interest, even though it may be frequently
misdiagnosed as a consequence of an inadequate
[5]
expertise .
[2]
HS is defined as “a chronic inflammatory, re
current, debilitating follicular skin disease that usually
presents after puberty with painful deep seated
inflamed lesions in the apocrine gland-bearing areas
of the body, most commonly the axillae, inguinal and
[3]
anogenital regions” . HS diagnosis is based on the
following clinical criteria: (1) the presence of typical
lesions, (2) their characteristic sites, and (3) the ch
[5]
ronic course of disease, showing recurring flares .
Hurley classification identifies three progressive stages
of disease severity: (1) abscess formation, single or
multiple, without sinus tract and scarring; (2) recurrent
abscesses, with tract formation and healing wound,
as well as single or multiple widely separated lesions;
and (3) diffuse or multiple interconnected tracts and
[4]
abscesses across entire area .
IBD, especially CD, is among the most reported
[5]
comorbid diseases in HS patients .
Patients with HS and CD have more often been
found to be smokers, and more likely to develop
perianal disease, and to show an increased need
[6]
for immunosuppressants and surgical resections .
Moreover, on the basis of recent evidence supporting
[1-3,5-8]
the role of immune imbalance in both conditions
,
a shared pathogenesis between IBD and HS may be
presumed. Indeed, multiple predisposing factors could
influence the onset and progression of both diseases,
i.e., gut luminal agents, genetics and environmental
[2]
factors .
The aim of this paper is to give a brief overview
of data showing a possible epidemiologic and path
ogenetic association between IBD and HS.

bacterial involvement in disease pathogenesis. Moreover,
microflora varies in the different cutaneous regions of
the body and, consequently, two different profiles of HS
patients have been identified on these bases. On the
other hand, it is well-known that intestinal microbiota
may be considered as “the explosive mixture” at the
origin of IBD despite the exact relationship having not
been completely clarified yet. A better comprehension
of the role that some bacterial species play in the IBD
pathogenesis may be essential to develop appropriate
management strategies in the near future. A final point
is represented by some similarities in the therapeutic
management of HS and IBD, since they may be
controlled by immunomodulatory drugs. In conclusion,
an unregulated inflammation may cause the lesions
typical of both HS and IBD, particularly when they
coexist. However, this is still a largely unexplored field.
Key words: hydradenitis suppurativa; inflammatory bowel
disease; Crohn’s disease; ulcerative colitis; intestinal
microbiota; skin microbiota; immunosuppressant drugs
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present topic outlines the main data
regarding a possible association between hydradenitis
suppurativa and inflammatory bowel disease with
particular attention to epidemiology, etiopathogenetic
factors, genetic susceptibility, intestinal/skin microbiota
and therapeutic analogies. Finally, an unregulated
inflammation leading to microscopic granulomatous
wounds may cause the lesions typical of both diseases,
particularly when they coexist. However, this is still
a largely unexplored field, and further studies are
required.
Principi M, Cassano N, Contaldo A, Iannone A, Losurdo G,
Barone M, Mastrolonardo M, Vena GA, Ierardi E, Di Leo A.
Hydradenitis suppurativa and inflammatory bowel disease: An
unusual, but existing association. World J Gastroenterol 2016;
22(20): 4802-4811 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i20/4802.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i20.4802

INTRODUCTION
Inflammatory bowel disease (IBD) is a group of
chronic inflammatory conditions of the alimentary
tract, that are mainly represented by Crohn’s disease
[1]
(CD) and ulcerative colitis (UC) . These disorders
could be associated with several extra-intestinal
manifestations (EIMs) involving musculoskeletal,
hepatopancreatobiliary, ocular, renal, and pulmonary
systems, as well as the skin. In particular, joint, liver,
eye, and skin EIMs are considered the most relevant
[2]
and frequent manifestations .
Joint involvement is the most common EIM

WJG|www.wjgnet.com

EPIDEMIOLOGY AND POOLED-DATA
ANALYSIS OF LITERATURE
The first series of patients with both CD and HS was
[9]
described by Church et al . Twenty-four patients
were recruited. The diagnosis of CD pre-dated that of
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Table 1 Case reports about the association Crohn’s disease-hydradenitis suppurativa
Ref.

n

Localization of CD

Localization of HS

CD predates HS

Ostlere et al[11], 1991
Burrows et al[12], 1992
Gower-Rousseau et al[13], 1992
Attanoos et al[14], 1993
Tsianos et al[15], 1995
Roy et al[16], 1997
Martínez et al[17], 2001
Roussomoustakaki et al[18], 2003
Yazdanyar et al[19], 2010
Goertz et al[20], 2008
dos Santos et al[21], 2012
Hiraiwa et al[22], 2013

3
2
1
3
1
1
1
1
2
1
1
1

Colon
Colon
Ileo-colon
Colon, ileo-colon, colon-jejunum
Colon
Ileo-colon
Ileo-colon
Ileo-colon
Colon
Colon
Rectum
Ulcerative colitis

Anogenital
Anogenital, axillae, groin
Perineum
Anogenital, axillae, perineum
Anogenital, axillae, sternum
Axillae
Axillae
Anogenital, axillae, groin
Axillae, groin, submammary
Perianal
Perianal
Groin

NR
NR
NR
Yes
Yes
NR
Yes
No
No
Yes
Yes
Yes

CD: Crohn’s disease; HS: Hydradenitis suppurativa.

[27]

HS by an average of 3.5 years. More recently, other
15 patients with CD and HS followed at Mount Sinai
Medical Center in the period 2003-2013 have been
[10]
reported . Apart from these few cohort studies, only
case reports about association of IBD-HS have been
published. Such single cases are summarized in table
[11-22]
1
.
Currently, the prevalence of HS in IBD has been
[23-26]
[23]
investigated in four studies
. In the pilot one ,
158 patients with IBD were asked by a standardized
questionnaire about the presence of symptoms
suggestive of HS, such as recurrent painful boils in the
[27]
axillae and/or groin . Further, a picture representing
a classical HS skin lesion was shown to the patients
in order to have a visual comparison with the injury
they were suffering from. On the basis of this method,
HS prevalence of 16% in patients with IBD was
detected (17% and 14% in CD and in UC patients,
respectively). The same authors replicated this study
in a larger sample (1093 IBD patients), with an overall
prevalence of 23%, in detail 26.3% for CD and 18.3%
[24]
for UC . A female predominance and a correlation
between smoking and severe HS course were
recorded. More recently, two other epidemiological
studies were carried out. In a cohort study performed
[25]
in the Olmsted county in Minnesota , 679 IBD
patients were followed up over a median period of
19.8 years. In such patients, the clinical diagnosis of
HS was directly established by dermatologists. HS was
found in 8 patients (1.8%), 5 with CD and 3 with UC.
A significant association with obesity, female sex and
perianal CD disease was found. Two out of 3 subjects
with UC had undergone ileal pouch-anal anastomosis.
Compared with the control group, the incidence rate
ratio of HS in IBD was 8.9 [95% confidence interval
(CI): 3.6-17.5]. The 10- and 30-year cumulative
incidence of HS was 0.85% and 1.55%, respectively.
Axillae, groin, and thighs were the most common sites
[26]
of involvement. Finally, Janse et al
showed an HS
prevalence of 10.6% (134 out of 1260) in their IBD
cohort, with a higher association with CD (15.1%)
than with UC (6.1%). In this study, the diagnosis was
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achieved using a questionnaire validated for HS .
We performed a pooled-data analysis of the four
cited studies, as shown in Figure 1. The pooled pre
valence of HS in IBD patients was 12.8%, with a
95%CI of 11.7%-13.9%. HS was present in 17.3% of
subjects with CD (95%CI: 15.5%-19.1%) and in 8.5%
of UC patients (95%CI: 7.0%-9.9%), thus confirming
a stronger association with CD. In three out of four
studies, the diagnosis of HS was established by means
of a questionnaire, and these three studies showed
the highest prevalence rates. This detail may lead to
the conclusion that such diagnostic strategy, despite
validated, could overestimate the prevalence of HS in
comparison to the clinician direct evaluation.
The clinical pattern of the IBD-HS association
appears to be characterized by female predominance,
increased frequency of tobacco smoking and by the
fact that intestinal disease foregoes skin involvement.
Clinical and pathogenetic features of HS and IBD
association are summarized in Table 2.

PATHOGENETIC FACTORS
The pathogenesis of HS is still obscure. Ever-growing
attention has been focused on the role of the immune
system, and recent findings suggest the involvement
of the interleukin (IL)-23/Th17 pathway in HS-related
[28]
inflammatory response .
HS is characterized by epidermal alterations such
as psoriasiform epidermal hyperplasia and keratin
pluggings. In HS lesions, the epidermis is an active
source of proinflammatory cytokines. It shows inflam
+
masome activation and can be stimulated by IL-17
cells. The inflammatory process in HS involves the
recruitment of innate immune cells, particularly IL-17[29]
expressing neutrophils .
Impaired Notch signalling has been proposed
to be a crucial pathomechanism of HS, capable of
compromising apocrine gland homoeostasis and
leading to subsequent stimulation of TLR-mediated
[30]
innate immunity . This mechanism has been
hypothesized not only as an inducer of inflammation in
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Table 2 Main clinical and pathogenesis features of hydradenitis suppurativa and inflammatory bowel disease (adapted from van der
[23]
Zee et al )

Localization
Layer of inflammation
Confluency of lesions
Fistulae
Influence of smoking
Disease chronicity
Genetic predisposition
Influence of microbiota
Female predominance
Response to anti-TNFa therapy

CD

UC

HS

Entire alimentary tract
Transmural
No (skip lesions)
Yes
Aggravates
Yes
Yes
Yes
↑
Yes

Colon
Mucosa
Yes
No
No (or improvement)
Yes
Yes
Yes
↑
Yes

Inverse areas of the skin
Deep derm
Yes
Yes
Aggravates
Yes
Yes
Yes
↑↑
Yes

CD: Crohn’s disease; UC: Ulcerative colitis; HS: Hydradenitis suppurativa; TNFa: Tumor necrosis factor alpha.

A

HS in IBD

Prevalence and lower and upper limit of 95%CI

Janse 2015

10,63492

8,934921

12,33492

Yadav 2015

1,179941

0,366941

1,992941

Van der Zee 2014

23,33028

20,82328

25,83728

Van der Zee 2009

9,689922

6,089922

13,28992

Total

12,83065

11,68765

13,97365

Janse 2015

15,38462

12,55462

18,21462

Van der Zee 2014

26,30814

23,03014

29,58614

Van der Zee 2009

16,66667

9,436667

23,89667

Yadav 2015

1,602564

0,210564

2,994564

Total

17,32329

15,53829

19,10829

Janse 2015

6,070288

4,200288

7,940288

Van der Zee 2014

18,2716

14,5086

22,0346

Van der Zee 2009

14,28571

5,125714

23,44571

Yadav 2015

0,819672

0

1,743362

8,465244

7,034244

9,896244

0

10
   20
Prevalence (%)

B

30

HS in Crohn's disease

0

10

C

   20   
Prevalence (%)

30

40

HS in ulcerative colitis

Total
0

   5

10
15
Prevalence (%)

   20   

25

Figure 1 Pooled-data analysis of studies exploring the prevalence of Hydradenitis suppurativa in subjects with inflammatory bowel disease (A), either
Crohn’s disease (B) and ulcerative colitis (C). CD: Crohn’s disease; IBD: Inflammatory bowel disease; HS: Hydradenitis suppurativa.
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HS but also as responsible for an insufficient feedback
regulation of overstimulated innate immunity, linking
HS to other Th17-driven comorbidities.
On the other hand, an alteration of immune im
balance with a prevalence of inflammatory cytokines
has been clearly stated for inflammatory bowel disease
and, at the moment, strongly affects therapeutic
[1-4]
approach .
Some items, generally involved in IBD pathogenesis,
are invoked also for HS.

modulate the immune system by means of its binding
to nicotine acetylcholine receptor α7 subunit expressed
on macrophage, leading to a reduction of TNF-alpha
[39]
and inflammation .
In conclusion, even if smoking represents a cru
cial pathogenic factor for both CD and HS, there is
currently a lack of studies analyzing a possible shared
pathway.

Genetic susceptibility

A role for inheritance in HS and CD pathogenesis has
been supposed. Up to 40% of patients with HS show
a familial history and an autosomal dominant pattern
of inheritance has been observed in some familial
[6]
cases . Two loci on chromosome 6 and 19, and
another one on chromosome 1 (1p21.1-1q25.3) have
[6,40,41]
been linked to HS
. However, a recent report by
[42]
Al-Ali et al did not report any association between
the locus 1p21.1-1q25.3 and this disease. Additionally,
mutations involving presenilin-1 (PSEN1), presenilin
enhancer-2 (PSENEN) and nicastrin (NCSTN) genes,
which determine the inactivation of the gammasecretase enzyme complex, have also been related
to HS. The mutation of this enzyme complex is
involved in HS pathogenesis via aberrant trichilemmal
[6,41-44]
keratinization
.
As for CD, the nucleotide-binding oligomerization
domain containing 2 (NOD2) gene has been described
as a possible inherited factor. Three different mutations
have been identified in Caucasian CD patients: one
[45,46]
frameshift and two missense mutations
. This
gene is involved in intestinal homeostasis by detecting
peptidoglycan released from the gut microbiota
and driving a nuclear factor-κB (NF-κB)-mediated
inflammatory response. The alteration of this process
is supposed to play a role in the development of
[46]
chronic intestinal inflammation .
[26]
A recent study by Janse et al
tried to identify
a genetic link between HS and CD. The authors
evaluated three different genes, i.e., ELOVL fatty
acid elongase 7 (ELOVL7) gene on chromosome
5, sulfotransferase family cytosolic 1B member 1
(SULT1B1) and sulfotransferase family 1E member
1(SULT1E1) genes on chromosome 4. These genes
on chromosome 4 originate from the sulfotransferase
family, encoding for enzymes that catalyze the sulphate
conjugation of hormones, drugs, neurotransmitters
and xenobiotic compounds. SULT1E1 encodes for
[47]
an enzyme regulating estrogen homeostasis .
These hormones seem to be involved in HS clinical
course. Indeed, the reactivation of the disease usually
occurs during hypoestrogenic states, thus estrogens
[48]
seem to play a protective role . Additionally, since
adiposity is another supposed risk factor for HS, the
expression of SULT1E1 in the abdominal subcutaneous
tissue of obese people may be considered further
[6]
evidence of the role of obesity . Moreover, Ahima
[47]
et al
demonstrated the co-expression of estrogen

Smoking

Smoking is one of the most relevant risk factors for
both HS and CD, representing a predictor of their
[4,6]
severity .
In a recent meta-analysis enclosing 33 cohort
[31]
studies , CD smoker patients showed increased risks
of disease activity flares [odds ratio (OR) = 1.97;
95%CI: 1.21-2.01], post-surgical flares (OR = 1.97;
95%CI: 1.36-2.85), need for both first surgery (OR
= 1.68; 95%CI: 1.33-2.12) and second surgery (OR
= 2.17; 95%CI: 1.63-2.89). Conversely, the risk of
such events was significantly reduced by smoking
[31-33]
discontinuation
. Moreover, smoking has been
reported as a well-established risk factor in HS by the
European S1 guidelines for the treatment of HS/acne
[34]
inversa . An association between prevalence of HS
and current smoking was found in a French cohort
comprising about 10000 subjects (OR = 12.55; 95%CI:
8.58-18.38). This association was not demonstrated in
[35]
former smokers . Despite this evidence, some aspects
of the correlation between HS severity and smoking
[36]
remain controversial. Indeed, Sartorius et al
demonstrated a more severe course in active smokers
as compared to non-smokers (p = 0.03), even though
no statistical difference with former smokers was
observed. Conversely, no effect of smoking on disease
severity was found in a cohort study enclosing 268 HS
[37]
patients .
Although the relationship between smoking and
both diseases is supported by evidence, a hypothetical
shared pathogenetic mechanism remains unclear and
may be different for HS and CD. Indeed, nicotine may
act in HS by multiple pathways, i.e., over-stimulation
of the sweat gland with a possible duct obstruction and
consequent inflammation, chemotaxis for neutrophils,
over-expression of tumor necrosis factor (TNF) alpha in
keratinocytes and thickening of epidermidis by means
[38]
of non-neuronal acetylcholine . Simultaneously, in
CD nicotine determines a more aggressive disease
pattern, probably causing ischemia of microvessels,
due to the implementation of carbon monoxide
concentration, and by decreasing the expression
[37]
of anti-inflammatory cytokines . Finally, smoking
cessation improves CD course, however this topic has
[36]
not been largely investigated in HS .
On the other hand, it is well known that smoking
does not affect UC course. In detail, nicotine may
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sulfotransferase and TNF-alpha in abdominal adipose
tissue of obese subjects. This last pro-inflammatory
cytokine has a role in HS and CD pathogenesis as
well as representing a therapeutic target for both
[49]
diseases .
However, further studies are needed to investigate
the genetic association between HS and CD.

Moreover, different bacterial compositions affect
different sites of digestive system inflammation in
[51]
animal models . Indeed, in germ IL-10-/-germ free
mice, bacterial colonization of Escheria coli or Bilophila
wadworthia led to cecum or distal colon involvement,
[58]
[59]
respectively . Couturier-Maillard et al
described a
potential link between genetic factors and microbiome
modulation. They transplanted fecal microbiota from
healthy wild-type mice to NOD2 deficient ones,
obtaining a reduction of IBD risk. Conversely, disease
risk rose in wild-type mice that received fecal microbiota
from NOD2-deficient ones.
Smoking, as previously described for HS, could
determine microbiota alterations, also in the gut with
a reduction of Firmicutes and Actinobacteria and an
[60,61]
increase of Proteobacteria and Bacteroides
.
The modulation of gut microbiota is a potential
therapeutic target in IBD and antibiotics, such as
metronidazole and ciprofloxacin, which are currently
[3,51]
used in Crohn’s colitis, ileocolitis and pouchitis
.
Nevertheless, tetracyclines, antibiotics largely used for
HS, showed a Hazard Ratio for developing IBD, for any
exposure to these drugs, of 1.39 (95%CI: 1.02-1.90)
even if no clear explanation of the mechanism was
[62]
[63]
found . Additionally, a meta-analysis
of 11
observational studies, including 7208 IBD patients,
demonstrated an OD of 1.57 (95%CI: 1.27-1.94) for
IBD development after the exposure to any antibiotic.
This risk was higher for CD (OR = 1.74; 95%CI:
1.35-2.23), metronidazole (OR = 5.01, 95%CI:
1.65-15.25), fluoroquinolones (OR = 1.79, 95%CI:
1.03-3.12) and in children (OR = 2.75; 95%CI:
1.72-4.38). Only the penicillin class was not associated
with IBD onset.

Microbiota

Although the pathogenesis of IBD and HS is generally
[4,42]
linked to alterations of the immune response
,
recent findings suggest a role for intestinal and skin
[50,51]
microbiota, respectively
.
The frequent finding of Staphylococcus aureus
(S. aureus) and coagulase-negative staphylococci
(CoNS) on HS cutaneous lesions suggests a bacterial
[49]
involvement in disease pathogenesis .
[52]
Kurzen et al supposed that nicotine may stimulate
[53]
the growth of S. aureus. Jemec et al suggested that S.
aureus could induce the initial development process of
HS, since it influences a series of anatomical alterations
in the hair follicles facilitating inflammation and necrosis.
CoNS, in particular Staphylococcus epidermidis
(S. epidermidis), usually are non-pathogenic mi
croorganisms and commensals of the normal skin
[54]
[55]
flora . Lapins et al
found CoNS in 21 patients with
HS. Sixteen out of the 21 patients showed CoNS in
the deep levels of the skin, and in 9 of them CoNS
were the only bacteria isolated, thus presuming a
promoting activity for these germs in HS inflammation.
A histological retrospective study analyzing 27 patients
with HS showed the presence of S. epidermidis-related
biofilm (i. e., an extracellular matrix used by bacteria
as a protective cover against host defense mechanisms
and antimicrobial agents) in one-fifth of the samples
[56]
located in hair follicles and sinus tracts .
Since microflora varies in the different cutaneous
regions of the body, in relation to different distributions
of hair follicles and glands, two different profiles of
HS patients have been identified in a recent report by
[57]
Guet-Revillet et al . Staphylococcus lugdunensis was
cultured from 58% of HS lesions, that were almost
exclusively Hurley stage 1 lesions and more frequently
located on the buttocks and the breasts, whereas a
polymicrobial flora (strict anaerobes and/or anaerobic
actinomycetes and/or streptococci of the milleri group)
was predominantly associated with Hurley stage 2 and
stage 3 lesions, especially in the axilla, and inguinal
and gluteal folds.
Finally, antibiotics represent a treatment option for
HS. In this regard, both topic and oral administrations
act by killing involved bacteria and determining an
indirect immunomodulation with reduction of proinflammatory cytokines and induction of neutrophil
[6]
apoptosis .
With regard to IBD pathogenesis, modification of
intestinal microflora, including about 1000 bacterial
species, has been proposed as a promoting factor.
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THERAPEUTIC ANALOGIES
IBD and HS may show some similarities in the
therapeutic management, since they may be controlled
by some immunomodulatory drugs.
Indeed, HS may benefit from anti-TNF-alpha
biologic therapy, similarly to IBD. Numerous case
reports have demonstrated that infliximab improves
[18, 20,21,64,65]
skin lesions in patients with both CD and HS
.
On these bases, patients suffering from HS have been
treated off-label with infliximab and etanercept, with
a remission rate of about 35% and a decrease in HS
[49,66]
activity of 50%
. In a systematic review by Haslund
[67]
et al , almost all HS treated patients experienced
a positive effect. Infliximab therapy is indicated in
moderate-severe HS and is well tolerated, reduces skin
pain, decreases disease severity and improves quality
[49]
of life . However, the long-term results are rather
poor. Adalimumab has been recently approved by Food
and Drug Administration for HS treatment. This FDA
approval is based on the results of two pivotal Phase 3
[68-70]
studies, PIONEER I and PIONEER II
.
Additionally, Ustekinumab is a monoclonal antibody
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that selectively targets IL-12 and IL-23, which has
been proposed for both IBD and HS treatment. In a
setting of 17 HS patients, Ustekinumab allowed, after
40 wk, a moderate improvement in the 82% and a
[71]
complete clinical response in the 47% . A similar
success rate, ranging from 46% to 65%, has been
found in patients affected by CD who did not benefit
[72,73]
from other anti-TNF alpha biologic agents
.
Finally, other immunomodulators, such as cor
ticosteroids and cyclosporine, have been proven to be
[73-76]
effective for HS
, similarly to IBD, thus supporting
a possible link. However, the general level of evidence
for these drugs is very low, given the small number of
HS patients described in the literature so far and the
lack of randomized controlled studies.

2
3

4

CONCLUSIVE REMARKS
IBD and HS share a chronic inflammatory trait. Despite
an association between these two conditions having
been reported only anecdotally, in recent years novel
clinical investigations performed on large scale have
shed new light on their association. The link between
HS and IBD - CD in particular - could be stronger than
expected. However, epidemiologic data is not suppor
ted by strong basic studies. Despite some evidence
having shown that immune dysregulation, alteration
of microbiota, genetic factors and tobacco smoking
[52,59,77]
may underlie both diseases
, a convincing in vivo
proof has not yet been found. Additionally, the common
therapeutic scenario described for IBD and HS might be
another clue for their association.

5

6

7
8
9

CONCLUSION

10

an unregulated inflammation leading to microscopic
granulomatous wounds may cause the lesions typical
of both diseases, particularly when they coexist.
However, this is still a largely unexplored field,
and further studies are required to elucidate their
pathogenesis and possible therapeutic approaches,
as well as the interconnection between the disorders
and the consequent practical implications. Indeed,
despite the association between HS and IBD having
been under-evaluated up to now, our pooled results
show that the mean prevalence of HS in IBD is 12.8%,
with a peak for CD (17.3%). Therefore, an existent
link between these two conditions may be argued. On
these bases, a careful skin examination should usually
be performed in IBD patients, since the association
CD-HS may be very disabling. Therefore, an early
detection of HS in IBD could prevent the worsening of
the skin disorder, thus avoiding the need of for some
toxic medications.

11
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REVIEW

Current and emerging therapies in unresectable and
recurrent gastric cancer
Erin Jou, Lakshmi Rajdev
only a moderate survival advantage. There remains a
need for new targeted treatment options and a way to
better define patient populations who will benefit from
these agents. In the past few years, there has been a
better understanding of the biology, molecular profiling,
and heterogeneity of gastric cancer. Our increased
knowledge has led to the identification of gastric cancer
subtypes and to the development of new targeted
therapeutic agents. There are now two new targeted
agents, trastuzumab and ramucirumab, that have
recently been approved for the treatment of advanced
and metastatic gastric cancer. There are also many
other actively investigated targets, including epidermal
growth factor receptor, the phosphatadylinositol
3-kinase/protein kinase B/mammalian target of ra
pamycin pathway, c-Met, poly ADP-ribose polymerase,
and immune checkpoint inhibition. In this review, we
discuss the current management of advanced gastric
cancer as well as emerging targeted therapies and
immunotherapy.
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Core tip: Despite many advances in medical and
surgical treatments, gastric cancer remains the second
leading cause of cancer deaths. There is a greater
understanding of the molecular heterogeneity of gastric
cancer in recent years, resulting in the development
and clinical investigation of different targeted agents.
This review will discuss current treatment strategies
and highlight targeted therapies and emerging drugs
for advanced gastric cancer.

Abstract
Gastric cancer is one of the most lethal cancers
worldwide despite many advances and options in
therapy. As it is often diagnosed at an advanced stage,
prognosis is poor with a median overall survival of
less than twelve months. Chemotherapy remains the
mainstay of treatment for these patients but it confers
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The addition of docetaxel to cisplatin and fluo
rouracil (DCF) was shown to be associated with
improvement of RR (37% vs 25%, p = 0.01), TTP (5.6
mo vs 3.7 mo, p < 0.001), and OS (9.2 mo vs 8.6 mo,
p = 0.02); however there were significant grade 3 to 4
[7]
toxicities, including a high rate of febrile neutropenia .
These toxicities limited the adoption of this regimen
into clinical practice.
Oxaliplatin (O) and oral fluoropyrimidines capecitabine (X) and S-1 - have been substituted
for cisplatin and fluorouracil (5-FU) respectively, and
[8-10]
found to be noninferior and less toxic
. The phase
Ⅲ REAL-2 study evaluated the efficacy of oxaliplatin
and capecitabine in a 2 × 2 noninferiority trial with
four regimens: ECF (control arm), ECX, EOF, and
EOX. The median survival times were 9.9 mo, 9.9
[9]
mo, 9.3 mo and 11.2 mo respectively . Progression
free survival (PFS) and RR did not differ significantly
between the different regimens. This study has led to
the widespread use of oxaliplatin-based regimens in
the frontline treatment of advanced gastric and GEJ
cancer.
In Japan, the SPIRITS trial showed that the
combination of cisplatin and S-1 (CS) significantly
improved OS when compared to S-1 monotherapy (13
mo vs 11 mo), leading to this doublet being considered
[11]
standard first-line in Japan . However, in the United
States and Europe, the FLAGS study showed no
improvement in outcome when substituting S-1 for
5-FU in combination with cisplatin, so S-1 remains
[12]
unlicensed in these areas .
Irinotecan has also been evaluated in combination
with fluorouracil in patients with advanced gastric
cancer with no significant differences in response rate,
progression free and overall survival compared to the
[13,14]
standard care
. This regimen was found to be less
toxic so irinotecan has now been incorporated into the
treatment approach.
Although most patients receive first-line chemo
therapy, patients who progress after treatment
usually have a worsened performance status, which
limits treatment options. However, recent studies
assessed the administration of irinotecan or docetaxel
monotherapy as second-line therapy compared to
best supportive care and demonstrated a survival
[15-17]
advantage with chemotherapy
. Therefore, it
is now considered standard of care for appropriate
patients with a preserved performance status to
receive second-line chemotherapy although no
standard regimen has been established. A recent trial
reported that irinotecan and taxanes have similar
[18]
survival outcomes .
Despite all these treatments, however, the median
survival is less than 1 year. There remains a need
for new treatment options with targeted therapy and
a way to identify which patients would benefit from
these new agents.

22(20): 4812-4823 Available from: URL: http://www.wjgnet.
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org/10.3748/wjg.v22.i20.4812

INTRODUCTION
Gastric cancer is the fourth most common cancer and
[1-3]
second leading cause of cancer deaths worldwide .
Gastric cancer is commonly diagnosed at an advanced
stage and those patients with advanced disease have
[4]
a median survival of less than 1 year . Incidence
rates and location of the tumor vary considerably
between geographic regions. The highest incidence is
in East Asia, Eastern Europe and parts of South and
Central America where adenocarcinomas of the distal
stomach are more prevalent. Cancers located in the
proximal stomach or at the gastroesophageal junction
(GEJ) are more prevalent in Western Europe and North
[5]
America .
For patients with locally advanced and metastatic
disease, chemotherapy remains the mainstay of
treatment. Treatment options include platinums,
irinotecan, epirubicin, fluoropyrimidines, and taxanes.
The addition of a third drug to a two agent regimen
increases the response rate with a modest survival
[6]
improvement but at the expense of increased toxicity .
In recent years, advances in the understanding of
the biology and molecular profiling of gastric cancer
have led to the development of targeted treatments
and to a better survival in select patients with advanced
disease. There are now two new targeted agents, trastu
zumab and ramucirumab, that have been approved
in the last 5 years for the treatment of advanced or
metastatic gastric cancer. Many more targeted therapies
are currently being actively investigated.
In this review, we discuss the management of
advanced gastric cancer and the progress in recent
years in targeted therapy and immunotherapy.

Chemotherapy
Gastric cancer is a chemotherapy-sensitive disease
with multiple active agents, including fluoropy
rimidines, anthracyclines, platinum agents, taxanes,
and irinotecan. Treatment of advanced gastric cancer
with chemotherapy confers a moderate survival
advantage and is primarily palliative. Combination
therapy is associated with a higher response rate and
increased survival when compared to single agents.
The combination of cisplatin and fluorouracil (CF),
or with epirubicin in a triple-drug regimen (ECF),
has been the most commonly used doublet and
triplet regimens. Newer agents were added to these
regimens to try to improve response rate (RR), time
to progression (TTP) and overall survival (OS). These
trials are listed in table 1.
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Table 1 First line chemotherapy completed trials
Ref.

Arms

n

Van Cutsem et al[7]

DCF vs CF

445

Al-Batran et al[8]

FLO vs FLP

220

ECF vs ECX vs EOF vs EOX
XP vs FP
CS vs S-1

1002
316
298

FLAGS[12]

CS vs CF

1053

Dank et al[13]

IF vs CF

333

FOLFIRI vs ECX

416

REAL-2[9]
Kang et al[10]
SPIRITS[11]

Guimbaud et al[14]

TTP/PFS (mo)

OS (mo)

TTP: 5.6 vs 3.7
P < 0.001
PFS: 5.8 vs 3.9
P = 0.077
PFS: 6.2 vs 6.7 vs 6.5 vs 7.0
PFS: 5.6 vs 5.0
PFS: 6.0 vs 4.0
P < 0.0001
PFS: 4.8 vs 5.5
P = 0.920
TTP: 5.0 vs 4.2
P = 0.088
PFS: 5.3 vs 5.8
P = 0.960

9.2 vs 8.6
P = 0.02
10.7 vs 8.8
9.9 vs 9.9 vs 9.3 vs 11.2
10.5 vs 9.3
13.0 vs 11.0
P = 0.04
8.6 vs 7.9
P = 0.20
9.0 vs 8.7
9.5 vs 9.7
P = 0.95

DCF: Docetaxel/cisplatin/fluorouracil; CF: Cisplatin/fluorouracil; FLO: Fluorouracil/leucovorin/oxaliplatin; FLP: Fluorouracil/leucovorin/cisplatin;
ECF: Epirubicin/cisplatin/fluorouracil; ECX: Epirubicin/cisplatin/capecitabine; EOF: Epirubicin/oxaliplatin/fluorouracil; EOX: Epirubicin/oxaliplatin/
capecitabine; XP: Cisplatin/capecitabine; FP: Cisplatin/fluorouracil; CS: Cisplatin/S-1; SOX: S-1/oxaliplatin; IF: Irinotecan/fluorouracil; FOLFIRI:
Fluorouracil/leucovorin/irinotecan.

Molecular Classification

TARGETED THERAPIES

Gastric cancer is a heterogeneous disease; however,
it wasn’t until recently that we developed a better
understanding of the molecular and genomic basis of
gastric cancer. The Cancer Genome Atlas proposed four
molecularly unique subtypes of gastric cancer: tumors
positive for Epstein-Barr virus (EBV), microsatellite
unstable (MSI) tumors, genomically stable tumors and
[19]
tumors with chromosomal instability .
Tumors associated with EBV were predominantly in
the fundus or body and were shown to have a higher
prevalence of mutations in PIK3CA (approximately
80%), extensive DNA hypermethylation, overexpression
of PD-L1 and PD-L2, and EBV-CpG island methylator
phenotype (CIMP) expression. MSI tumors were
diagnosed at a relatively older age (median age 72
years) and showed elevated mutation rates, gastric
CIMP and MLH1 silencing but generally lacked
targetable amplifications. Unlike in colorectal cancer,
BRAF mutations were not seen in gastric MSI tumors.
Genomically stable tumors tended to be diagnosed
at an earlier age (median age 59 years) and were
enriched for diffuse histology, associated with CDH1
and RHOA mutations and CLDN18-ARHGAP fusion,
which is implicated in cell motility. Almost half of gastric
tumors demonstrated chromosomal instability, which
was predominantly intestinal histology with an elevated
frequency in the GEJ and cardia and showed marked
aneuploidy. They were associated with TP53 mutation
with RTK-RAS activation.
This study showed distinct genomic features in the
different molecular subtypes that provide a guide to
targeted therapy and allow for development of clinical
trials to explore therapies in defined sets of patients.

Human epidermal growth factor receptor 2 inhibitors
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Human epidermal growth factor receptor 2 (HER2) is
a transmembrane tyrosine kinase receptor belonging
to the epidermal growth factor receptor (EGFR) family.
Activation of the HER2 receptor activates downstream
signals in the Ras/Raf/mitogen-activated protein kinase
(MAPK) and phosphatadylinositol 3-kinase (PI3K)/protein
kinase B (Akt)/mammalian target of rapamycin (mTOR)
pathways that are responsible for regulating a variety of
tumor biology, such as cell growth, differentiation, and
[20-22]
survival
. The reported HER2 positivity in patients
with gastric cancer ranges widely from 6% to 34%
depending on the histologic subtype and location with
the highest rates of expression observed in intestinal
[23-25]
type tumors and in cancers located in the GEJ
.
Unlike in breast cancer where overexpression of HER2
[26]
associates with a more aggressive tumor , the
prognostic role of HER2 in gastric cancer is less clear.
Also HER2 testing in gastric cancer differs from that in
breast cancer because of inherent differences in tumor
biology - gastric cancer more frequently shows tumor
heterogeneity and incomplete membrane staining due
[27]
to its high frequency of glandular formation . There
are several different strategies for targeting HER2:
anti-HER2 monoclonal antibodies or small-molecule
tyrosine kinase inhibitors (TKIs). Table 2 summarizes
the completed trials with targeted agents in advanced
gastric cancer and table 3 outlines the ongoing trials.
The first targeted agent approved in gastric cancer
was trastuzumab, which acts on the extracellular
domain of the HER2 receptor and inhibits HER2mediated signaling. Trastuzumab for gastric cancer
(ToGA) was a phase Ⅲ, randomized controlled trial
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Table 2 Targeted therapy completed trials
Ref.

Indication

Line

Arms

n

PFS (mo)

OS (mo)

ToGA
Phase Ⅲ
LOGiC
Phase Ⅲ
TyTAN
Phase Ⅲ

HER2(+) Adv/Met GC and GEJ

1st

594

HER2(+) Adv/Met GC and GEJ

1st

Fluoropyrimidine/cisplatin ±
trastuzumab
CapeOx ± lapatinib

HER2(+) Adv/Met GC and GEJ

2nd

Paclitaxel ± lapatinib

261

6.7 vs 5.5
P = 0.0002
6.4 vs 5.4
p = 0.1000
5.4 vs 4.4
P = 0.2441

13.8 vs 11.1
P = 0.0050
12.2 vs 10.5
P = 0.3492
11.0 vs 8.9
P = 0.2088

EXPAND
Phase Ⅲ
REAL3
Phase Ⅲ

Adv/Met GC and GEJ

1st

904

Adv/Met GC and GEJ

1st

Capecitabine/cisplatin ±
cetuximab
EOX vs modified EOX +
panitumumab

4.4 vs 5.9
P = 0.3200
6.0 vs 7.4
P = 0.0680

9.4 vs 10.7
P = 0.9500
8.8 vs 11.3
P = 0.013

Sunitinib
Phase Ⅱ
Sunitinib
Phase Ⅱ
Sorafenib
Phase Ⅱ
Sorafenib
Phase Ⅱ
Regorafenib
Phase Ⅱ
AVAGAST
Phase Ⅲ

Adv GC and GEJ

2nd

Sunitinib

78

2.3

6.8

Adv GC and GEJ

2nd or 3rd

FOLFIRI ± sunitinib

91

Adv/Met GC and GEJ

1st

44

10.5 vs 9.0
P = 0.2100
13.6

Adv GC and GEJ

2nd

Docetaxel/cisplatin +
sorafenib
Oxaliplatin + sorafenib

3.6 vs 3.3
P = 0.6600
5.8

40

3

6.5

Adv GC and GEJ

2nd or 3rd

Regorafenib vs placebo

152

Adv GC and GEJ

1st

Capecitabine/cisplatin ±
bevacizumab

774

11.1 wk vs 3.9 wk
P < 0.0001
6.7 vs 5.3
P = 0.0037

25 wk vs 19.4 wk
P = 0.1100
12.1 vs 10.1
P = 0.1002

Met GC and GEJ

2nd

BSC ± ramucirumab

355

Met GC and GEJ

2nd

Paclitaxel ± ramucirumab

665

Adv GC and GEJ

3rd

Apatinib vs placebo

270

2.1 vs 1.3
P < 0.0001
4.4 vs 2.86
P < 0.0001
78 d vs 53 d
P < 0.0001

5.2 vs 3.8
P = 0.0473
9.63 vs 7.36
P = 0.0169
195 d vs 140 d
P < 0.016

Adv GC and GEJ

2nd or 3rd

BSC ± everolimus

656

1.7 vs 1.4
P = 0.0010

5.4 vs 4.3
P = 0.124

Name
Phase

HER2
[28]
[29]
[30]
EGFR
[36]
[37]
VEGFR
[48]
[49]
[50]
[51]
[53]
[41]
[43]
[44,45]
[47]
mTOR
[58]

REGARD
Phase Ⅲ
RAINBOW
Phase Ⅲ
Apatinib
Phase Ⅲ
GRANITE-1
Phase Ⅲ

545

553

Adv: Advanced; Met: Metastatic; GC: Gastric cancer; GEJ: Gastroesophageal junction; CapeOx: Capecitabine/oxaliplatin; EOX: Epirubicin/oxaliplatin/
capecitabine; FOLFIRI: Fluorouracil/leucovorin/irinotecan; BSC: Best supportive care; HER2: Human epidermal growth factor receptor 2; EGFR: Epidermal
growth factor receptor; VEGFR: Vascular endothelial growth factor receptor; mTOR: Mammalian target of rapamyin.

other strategies to target HER2 have been evaluated.
Lapatinib is a tyrosine kinase inhibitor of EGFR and
HER2 that binds to the intracellular ATP binding site
of these kinases and interferes with their activation.
However, unlike with trastuzumab, the trials with
lapatinib failed to meet their primary endpoints. The
phase Ⅲ LOGiC trial evaluated the addition of lapatinib
to capecitabine and oxaliplatin as first line therapy in
545 patients with HER2 positive advanced gastric and
[29]
GEJ adenocarcinomas . Median OS was 12.2 vs 10.5
mo in the lapatinib arm compared to the placebo arm
with a hazard ratio (HR) of 0.91 (95%CI: 0.73-1.12,
p = 0.35). However, subgroup analysis showed that
certain subgroups - Asian patients (median OS 16.5
mo vs 10.9 mo, HR = 0.91) and those under 60
years (median OS 12.9 mo vs 9 mo, HR = 0.69) had significant improvements in OS. Similar negative
results were seen in the second line setting: the
TyTAN trial compared weekly paclitaxel with or without
lapatinib and although the median OS was prolonged
by two months (11.0 mo vs 8.9 mo, HR = 0.84), it
[30]
was not statistically significant . The subgroup of

involving 584 treatment naïve patients with metastatic
or locally advanced unresectable HER2-overexpressing
(defined as IHC3+ or FISH positive) gastric or GEJ
[28]
adenocarcinoma . The addition of trastuzumab to
standard chemotherapy demonstrated a significant
clinical benefit with higher response rate (47% vs
35%), improved progression-free survival (PFS) (6.7
mo vs 5.5 mo) and improved OS (13.8 mo vs 11.1
mo) compared to the chemotherapy alone arm. In an
exploratory analysis, trastuzumab had the greatest
survival benefit in patients with IHC3+ tumors, and
with FISH+/IHC2+ tumors and ineffective in those
with FISH positive but IHC 0 or 1+ tumors. Based on
this data, trastuzumab was approved in combination
with chemotherapy for the treatment of patients
with metastatic HER2-overexpressing gastric or
GEJ adenocarcinoma who have not received prior
treatment. The ongoing HELOISE trial is evaluating
whether a higher dose of trastuzumab in patients with
a high tumor burden will have improved OS compared
to the standard dosing [NCT01450696].
Given these significant results from the ToGA study,

WJG|www.wjgnet.com

4815

May 28, 2016|Volume 22|Issue 20|

Jou E et al . Therapies for advanced gastric cancer
Table 3 Ongoing trials
Name

Indication

Line

Agent

ClinicalTrials.gov Identifier

HER2(+) Met GC and GEJ

1st

Trastuzumab

NCT01450696

HER2(+) Met GC and GEJ

1st

Pertuzumab

NCT01774786

HER2(-) Met GC and GEJ

1st

Ramucirumab

NCT02314117

Adv GC and GEJ

2nd

Olaparib

NCT01924533

Pembrolizumab

NCT02335411

Phase
HER2
HELOISE
Phase Ⅲ
JACOB
Phase Ⅲ
VEGFR
RAINFALL
Phase Ⅲ
PARP
Olaparib
Phase Ⅲ
Immune checkpoints
KEYNOTE-059
Phase Ⅱ
KEYNOTE-061
Phase Ⅲ
KEYNOTE-062
Phase Ⅲ
MEDI4736
Phase I/Ⅱ
JAVELIN Gastric 100
Phase Ⅲ
JAVELIN Gastric 300
Phase Ⅲ
Phase I/Ⅱ
Phase I/Ⅱ

Adv GC and GEJ
Adv GC and GEJ

2nd

Pembrolizumab

NCT02370498

Adv GC and GEJ

1st

Pembrolizumab

NCT02494583

MEDI4736

NCT01693562

Advanced solid tumors
Adv/Met GC and GEJ

1st

Avelumab

NCT02625610

Met/recurrent GC and GEJ

3rd

Avelumab

NCT02625623

MEDI4736 + Tremelimumab vs MEDI4736 vs
Tremelimumab
Nivolumab +/- Ipilimumab

NCT02340975

Met/recurrent GC and GEJ
Advanced solid tumors

NCT01928394

Adv: Advanced; Met: Metastatic; GC: Gastric cancer; GEJ: Gastroesophageal junction; HER2: Human epidermal growth factor receptor 2; VEGFR: Vascular
endothelial growth factor receptor; PARP: Poly ADP-ribose polymerase.

patients with IHC3+, however, did have a significant
benefit in both PFS (5.6 mo vs 4.2 mo) and OS (14
mo vs 7.6 mo).
Two other drugs that have been FDA approved
for the treatment of patients with metastatic HER2
positive breast cancer are being investigated in HER2
positive gastric cancer. Pertuzumab is an antibody that
binds to a different site on HER2 than trastuzumab and
inhibits the dimerization of HER2. The phase Ⅲ JACOB
trial will evaluate the efficacy and safety of pertuzumab
in combination with trastuzumab, fluoropyrimidine and
cisplatin [NCT01774786]. TDM-1 is an antibody-drug
conjugate of trastuzumab and a potent microtubule
inhibitor DM1. The multicenter phase Ⅱ/Ⅲ GATSBY
trial to evaluate TDM-1 vs a taxane in advanced gastric
cancer as second line did not show an efficacy benefit
[31]
of TDM-1 over taxane .

Cetuximab is a chimeric monoclonal IgG1 antibody
that binds to the extracellular domain of EGFR and
competitively inhibits the binding of EGF and other
ligands. The phase Ⅲ trial EXPAND randomized 904
patients to capecitabine and cisplatin with or without
cetuximab and did not find progression free or overall
survival benefit for the cetuximab group (4.4 mo vs 5.6
[36]
mo and 9.4 mo vs 10.7 mo, respectively) . Response
rates were comparable between the two arms (30%
vs 29%) but the cetuximab arm resulted in a higher
rate of grade 3 and 4 toxicity (88% vs 77%).
Panitumumab is a fully humanized monoclonal
IgG2 antibody targeting EGFR. The phase Ⅱ/Ⅲ REAL3
trial evaluated the efficacy of epirubicin, oxaliplatin,
and capecitabine with or without panitumumab as
[37]
first line therapy . The phase Ⅲ study did not show
any benefit and actually showed a lower survival in
the experimental arm at a preplanned interim analysis
(median OS 8.8 mo vs 11.3 mo) so it was discontinued
prematurely.

EGFR inhibitors

EGFR (HER1) is a member of the same family of
tyrosine kinase receptors as HER2 and it activates
the same intracellular signaling pathways that are
responsible for regulating cell growth, differentiation,
[32,33]
and survival
. EGFR overexpression occurs in
30%-60% of gastric cancer and is associated with
[34,35]
a worse prognosis
. However, studies evaluating
antibody inhibitors of EGFR have failed to demonstrate
a survival advantage.
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Vascular endothelial growth factor receptor inhibitors

Pathological angiogenesis is crucial for tumor growth,
survival and metastases. VEGF is an important regulator
of angiogenesis and acts on its vascular endothelial
growth factor receptor (VEGFR) to stimulate endothelial
cells to divide and migrate to form new blood vessels
or sprout from existing ones and to help newly formed
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[38]

blood vessels survive . VEGFR is overexpressed in
30%-60% of gastric cancer and is a predictor of poor
[39,40]
prognosis
. Trials evaluating anti-VEGF agents are
listed in table 2.
Bevacizumab is a recombinant humanized IgG1
monoclonal antibody against VEGF. AVAGAST was a
large randomized phase Ⅲ study evaluating the addition
[41]
of bevacizumab to capecitabine and cisplatin . Median
PFS (6.7 mo vs 5.3 mo) and overall response rate
(ORR) (46% vs 37.4%) was significantly improved
in the bevacizumab arm but the primary endpoint of
OS was not met (12.1 mo vs 10.1 mo, p = 0.1002).
In subgroup analysis, patients from North and South
America showed survival benefit from the addition of
bevacizumab (11.5 mo vs 6.8 mo, HR = 0.63, 95%CI:
0.43-0.94), patients from Europe showed a trend
toward benefit (HR = 0.85, 95%CI: 0.63-1.14), and
patients from Asia had no benefit (HR = 0.97, 95%CI:
0.75-1.25), further suggesting heterogeneity of this
disease worldwide. Similar negative results were seen
in the AVATAR study where bevacizumab was added
to capecitabine and cisplatin in Asian patients with
[42]
advanced gastric cancer .
Ramucirumab is a fully humanized monoclonal
antibody against VEGFR-2. The phase Ⅲ REGARD
trial compared ramucirumab monotherapy with
[43]
best supportive care in the second line . The study
showed improved median PFS (2.1 mo vs 1.3 mo, p <
0.001) and median OS (5.2 mo vs 3.8 mo, p = 0.047).
In the phase Ⅲ RAINBOW study, advanced gastric
or GEJ adenocarcinoma patients were randomized
to paclitaxel with or without ramucirumab in the
[44,45]
second line setting
. The addition of ramucirumab
showed improved OS of 9.6 mo vs 7.4 mo compared
to paclitaxel alone (p = 0.0169) and improved PFS
(4.4 mo vs 2.9 mo). Based on these trial results,
ramucirumab was approved as a single agent for
treatment of patients with advanced gastric or GEJ
cancer after progressing on prior treatment, as well as
in combination with paclitaxel. This is the first approval
of a biologic agent in an unselected population with
gastric and GEJ cancers. Ramucirumab was also tested
in the first line setting in combination with FOLFOX,
but it did not show an improvement in the primary
[46]
endpoint of PFS or median . It is also being studied
in the phase Ⅲ RAINFALL trial comparing PFS in
patients with HER2-negative, metastatic gastric or GEJ
adenocarcinoma receiving ramucirumab with cisplatin
and fluoropyrimidine vs cisplatin and fluoropyrimidine
as first line treatment [NCT02314117].
A phase Ⅲ trial assessing a TKI against VEGFR,
apatinib, with a two-to-one randomization to apatinib
vs placebo in the third line setting in advanced gastric
cancer showed that median OS was significantly
prolonged in the apatinib group of 195 d vs 140 d (p
< 0.016), as was median PFS of 78 d vs 53 d (p <
[47]
0.0001) .
Sunitinib and sorafenib are multitargeted TKIs
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that inhibit VEGFR as well as other kinases. Phase Ⅱ
trials have been conducted both as monotherapy and
in combination with chemotherapy and have shown
[48-51]
mixed results
. These results are summarized in
table 2. Pazopanib, another multitargeted TKI that
inhibits angiogenesis, showed marginal efficacy in
[52]
a phase Ⅱ trial as first line with 5-FU/oxaliplatin .
Data on a phase Ⅱ trial of regorafenib, a multi-kinase
st
nd
inhibitor, following progression after 1 or 2 line
chemotherapy demonstrated significantly improved
[53]
PFS in the regorafenib arm . Pre-specified analyses
found the effect of regorafenib to be greater in South
Korea than in Australia, New Zealand and Canada.

mTOR inhibitors

PI3K/Akt/mTOR pathway is a major downstream
cascade of tyrosine kinase signaling and one of the most
frequently altered pathways in malignancies. mTOR,
an intracellular key serine/threonine protein kinase,
regulates cell growth, motility, cellular metabolism
[54,55]
and angiogenesis
. Dysregulation of this pathway
is associated with poor survival and may contribute to
[56,57]
resistance to chemotherapy
.
Everolimus, an oral mTOR inhibitor, was evaluated
in the phase Ⅲ GRANITE-1 trial where it was compared
to best supportive care in advanced gastric cancer
[58]
that progressed after previous chemotherapy . The
trial randomly assigned 656 patients in a 2:1 ratio
to everolimus or placebo. Although median PFS was
improved (1.68 mo vs 1.41 mo, p < 0.001), the trial
did not meet its primary endpoint of improved OS (5.39
vs 4.3 mo, p = 0.124). Everolimus is currently being
evaluated in combination with paclitaxel as second line
treatment in a phase Ⅲ trial [NCT01248403].

c-MET inhibitors

MET is a tyrosine kinase receptor and signals through
RAS-MAPK and PI3K-AKT pathways to mediate cell
migration, survival, invasion and angiogenesis. Aber
rant HGF/MET signaling triggers multiple intracellular
signals that lead to tumor growth, proliferation and
[59]
metastasis . In addition to oncogenesis, aberrant MET
signaling has been associated with in vitro resistance to
[60]
cytotoxic agents . c-MET amplification is associated
with a higher tumor stage, a more aggressive phe
[61,62]
notype and a significantly diminished survival
.
Crizotinib is a small molecule inhibitor of anaplastic
lymphoma kinase and MET tyrosine kinase that is
approved in non-small cell lung cancer. In a study of
patients with gastroesophageal cancer, of the 489
tumors screened, 10 patients (2%) harbored MET
[63]
ampliﬁcation (> 5 copies) . These tumors were
more likely to be high-grade and present at advanced
stages. Two out of these four patients had a clinical
response with a delay in tumor progression. However
the responses were transient and time to progression
in these two patients was 3.7 mo and 3.5 mo.
Rilotumumab is a fully humanized monoclonal IgG2
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against HGF that inhibits the binding of HGF to the
MET receptor. A phase Ⅱ trial evaluating rilotumumab
in combination with ECX in patients with untreated
advanced gastroesophageal cancer showed minimally
improved median PFS and median OS but an exploratory
analysis showed that patients with high MET expression
appeared to experience marked clinical benefit from
addition of rilotumumab to ECX with improvement
[64,65]
in median OS from 5.7 to 11.1 mo (HR = 0.29)
.
These results led to 2 phase Ⅲ studies: RILOMET-1
(rilotumumab in combination with ECX as first-line
treatment for advanced MET-positive gastroesophageal
cancer) and RILOMET-2 (rilotumumab with cisplatin
and capecitabine as first-line therapy in gastric cancer).
However, data from RILOMET-1 showed that OS, PFS and
[66]
ORR were statistically worse in the rilotumumab arm .
No subgroups seemed to benefit with rilotumumab,
including those with higher percentages of cells with ≥
1+ MET expression.
Onartuzumab is a monovalent humanized mono
clonal antibody against the MET receptor and prevents
HGF binding to MET. Onartuzumab in combination with
mFOLFOX6 was evaluated in patients with untreated
metastatic gastroesophageal cancer that were HER2negative and MET-positive (Ⅲ 50% of tumor with
moderate-strong intensity staining by IHC based on
central review) in a phase Ⅲ trial, MetGastric. The
trial showed that the addition of onartuzumab to
mFOLFOX6 did not improve PFS in the unselected
[67,68]
population or in the MET-positive subgroup
.
Monoclonal antibodies that target c-MET have limited
activity as seen in the phase Ⅲ trials with rilotumumab
and onartuzumab, and better biomarkers are needed
to select patients for trials with c-MET inhibitors.

Another PARP inhibitor, veliparib, is currently being
studied in a phase I trial with FOLFIRI in patients with
advanced gastric cancer [NCT01123876].

Immunotherapy
Tumor cells have developed mechanisms in which
they modulate the immune system, allowing them to
escape the immune cells and provide a shield for which
[72,73]
the tumor is able to invade, migrate, and grow
.
Immune checkpoints are inhibitory pathways that
maintain self-tolerance and protect tissues from
damage when the immune system is active. The
expression of immune-checkpoint proteins can be
dysregulated by tumors, making this an important
[74]
immune resistance mechanism . This has led to
increasing interest in immunotherapy as a treatment
option in multiple solid malignancies.
Cytotoxic T-lymphocyte-associated antigen 4
(CTLA4) was the first immune checkpoint receptor to be
clinically targeted. It is expressed exclusively on T cells
and is a negative regulator of T-cell activation. There
are two fully humanized CTLA4 antibodies, ipilimumab
and tremelimumab. After ipilimumab became the first
therapy to improve overall survival in patients with
[75]
advanced melanoma , it is now being evaluated in
other advanced cancers including gastric cancer. A
phase Ⅱ trial to evaluate the efficacy of ipilimumab after
first-line chemotherapy in the treatment of unresectable
or metastatic gastric or GEJ adenocarcinomas was
just completed and awaiting results [NCT01585987].
Tremelimumab was investigated in a phase Ⅱ trial
as second-line treatment for patients with metastatic
gastric cancer but had an ORR of only 5% and median
[76]
OS similar to that of second-line chemotherapy .
Another immune-checkpoint protein which is
expressed on T cells, programmed cell death protein
1 (PD-1), inhibits the activity of the T cell when bound
to its ligands PD-L1 and PD-L2 on the surface of a cell.
Tumor cells often overexpress PD-L1 or PD-L2 resulting
in T cell anergy and escape from immunosurveillance.
The KEYNOTE-012 phase Ib study of pembrolizumab, a
monoclonal antibody that blocks PD-1 interaction with
its ligands, in patients with recurrent and metastatic
gastric cancer with PD-L1 tumor positivity based on a
prototype IHC assay showed an ORR of 31.6% in Asia
[77]
Pacific and 30% in the rest of world . These results
present an exciting novel strategy in the treatment of
advanced gastric cancer. The phase Ⅱ KEYNOTE-059
of pembrolizumab with cisplatin and 5-FU as firstline is currently enrolling [NCT02335411]. Also, two
phase Ⅲ trials, KEYNOTE-061 [NCT02370498] of
pembrolizumab vs paclitaxel as second line therapy
and KEYNOTE-062 [NCT02494583] of pembrolizumab
alone or in combination with cisplatin and fluoropy
rimidine vs chemotherapy as first line therapy, are
currently ongoing.
There was preliminary evidence of an association

poly ADP-ribose polymerase inhibitors

poly ADP-ribose polymerase (PARP) is a family of
proteins that are critical for the function of base
excision repair (BER). BER repairs single strand DNA
breaks. If these single strand breaks are not repaired,
they become double strand breaks which leads to
[69]
cell death . PARP inhibitors interfere with BER and
prevent this repair mechanism which may ultimately
[70]
lead to death of tumor cells .
Olaparib was studied in a second line phase Ⅱ
trial for metastatic or recurrent gastric cancer in
[71]
combination with paclitaxel vs paclitaxel alone . The
trial found a statistically significant improvement in
OS, but not PFS. Initial preclinical data suggested that
responsiveness of gastric cancer cell lines to olaparib
was associated with low ataxia telangiectasia mutated
(ATM) protein levels, so the study performed a subset
analysis and found that patients with low ATM showed
a larger improvement in OS with olaparib. These
results led to a phase Ⅲ trial of olaparib in combination
with paclitaxel compared with paclitaxel monotherapy
in patients with advanced gastric cancer who have
progressed following first line therapy [NCT01924533].
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between PD-L1 expression and PFS (p = 0.032) and
ORR (p = 0.071) in the KEYNOTE-012 study. This
relationship between PD-L1 expression and clinical
outcomes was further explored and found that PD-L1
expression level was associated with ORR (1-sided p =
0.10) and ORR was 22% (95%CI: 10-39) by central
review and 33% (95%CI: 19-50) by investigator
[78]
review . The 6-mo PFS rate was 24% and the 6-mo
OS rate was 69%. Another biomarker that may be
predictive of anti-PD-1 therapy is mismatch repairdeficiency. A phase Ⅱ trial of pembrolizumab for the
treatment of colorectal and other GI tumors, including
gastric cancer, with mismatch repair-deficiency, or
high microsatellite instability (MSI-H), demonstrated
high ORR and prolonged PFS [immune-related ORR
71% (5 of 7 patients); immune-related PFS 67% (4
of 6 patients)] when treated with pembrolizumab,
supporting the hypothesis that mismatch repairdeficient tumors are more responsive to PD-1 blockade
[79]
than are mismatch repair-proficient tumors .
MEDI4736, a PD-L1 IgG1 antibody, is being studied
in a phase Ⅰ/Ⅱ trial in patients with advanced solid
tumors including gastric cancer and the results of
the phase Ⅰ showed good clinical activity with tumor
[80]
shrinkage and durable responses . Expansion in
multiple cancers is ongoing [NCT01693562]. Another
PD-L1 inhibitor, Avelumab (MSB0010718C), is being
investigated in phase I trials in advanced cancers
[NCT01943461, NCT01772004] and in phase Ⅲ
trials in the first line [NCT02625610] and third
line [NCT02625623] settings. The combination of
CTLA-4 and PDL-1 inhibitors is also being evaluated
[NCT01975831, NCT02340975, NCT01928394]. These
ongoing trials are outlined in table 3.

ramucirumab monotherapy.
There remains a need to better define patient
populations who will benefit from targeted therapy and
predict the response to drugs. The Cancer Genome
Atlas Research Network has recently classified four
molecular subtypes of gastric cancer and identified
other possible targets for future clinical research.
This will allow for the development of clinical trials
in the future to explore therapies in defined sets of
patients. Better use of biomarkers to select these
sets of patients to improve outcomes will be crucial.
Also, as our understanding of the complex interplay
between the tumor, the tumor microenvironment and
the immune system expand, use of immunotherapy
will continue to grow. Although the optimal use of
these agents is not yet defined, they may provide an
unmet need for patients who did not benefit or unable
to tolerate traditional chemotherapy. Further work is
necessary to determine the role of targeted therapy
and the combination of targeted agents with cytotoxic
agents that will translate into improved survival but
the future looks optimistic.

REFERENCES
1
2
3

4

CONCLUSION
Chemotherapy has long been the standard treatment
for advanced gastric cancer. Current combination
cytotoxic regimens are associated with response rates
of ≥ 40% but median survival is still less than one
year. To improve on this outcome, we have made
many advances in our knowledge of the molecular
etiology and heterogeneity of gastric cancer, which has
led to the development of different targeted therapies.
The ToGA trial has established trastuzumab as a new
standard of care for patients with HER2 positive (IHC3+
or IHC2+/FISH positive) advanced or metastatic gastric
cancer, but this benefit is limited to only approximately
20% of patients with advanced disease. Ramucirumab
has also been approved recently for treatment in the
second line setting and offers a valuable alternative
or addition to chemotherapy. Despite these advances,
standard therapy for advanced gastric cancer in the
first line setting for patients who are not HER2 positive
is still combination chemotherapy with either a doublet
or triplet of a platinum and a fluoropyrimidine. Second
line options are still limited and include irinotecan,
docetaxel, paclitaxel with or without ramucirumab or

WJG|www.wjgnet.com

5

6

7

8

9

4819

Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA
Cancer J Clin 2014; 64: 9-29 [PMID: 24399786 DOI: 10.3322/
caac.21208]
Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global
cancer statistics. CA Cancer J Clin 2011; 61: 69-90 [PMID:
21296855 DOI: 10.3322/caac.20107]
Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN
2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269 DOI:
10.1002/ijc.25516]
Cunningham D, Okines AF, Ashley S. Capecitabine and
oxaliplatin for advanced esophagogastric cancer. N Engl J
Med 2010; 362: 858-859 [PMID: 20200397 DOI: 10.1056/
NEJMc0911925]
Kamangar F, Dores GM, Anderson WF. Patterns of cancer
incidence, mortality, and prevalence across five continents: defining
priorities to reduce cancer disparities in different geographic
regions of the world. J Clin Oncol 2006; 24: 2137-2150 [PMID:
16682732 DOI: 10.1200/JCO.2005.05.2308]
Wagner AD, Grothe W, Haerting J, Kleber G, Grothey A, Fleig
WE. Chemotherapy in advanced gastric cancer: a systematic review
and meta-analysis based on aggregate data. J Clin Oncol 2006; 24:
2903-2909 [PMID: 16782930 DOI: 10.1200/JCO.2005.05.0245]
Van Cutsem E, Moiseyenko VM, Tjulandin S, Majlis A,
Constenla M, Boni C, Rodrigues A, Fodor M, Chao Y, Voznyi E,
Risse ML, Ajani JA. Phase III study of docetaxel and cisplatin plus
fluorouracil compared with cisplatin and fluorouracil as first-line
therapy for advanced gastric cancer: a report of the V325 Study
Group. J Clin Oncol 2006; 24: 4991-4997 [PMID: 17075117 DOI:
10.1200/JCO.2006.06.8429]
Al-Batran SE, Hartmann JT, Probst S, Schmalenberg H,
Hollerbach S, Hofheinz R, Rethwisch V, Seipelt G, Homann N,
Wilhelm G, Schuch G, Stoehlmacher J, Derigs HG, HegewischBecker S, Grossmann J, Pauligk C, Atmaca A, Bokemeyer C,
Knuth A, Jäger E. Phase III trial in metastatic gastroesophageal
adenocarcinoma with fluorouracil, leucovorin plus either
oxaliplatin or cisplatin: a study of the Arbeitsgemeinschaft
Internistische Onkologie. J Clin Oncol 2008; 26: 1435-1442 [PMID:
18349393 DOI: 10.1200/JCO.2007.13.9378]
Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, Coxon

May 28, 2016|Volume 22|Issue 20|

Jou E et al . Therapies for advanced gastric cancer

10

11

12

13

14

15

16

17

18

F, Middleton G, Daniel F, Oates J, Norman AR. Capecitabine
and oxaliplatin for advanced esophagogastric cancer. N Engl
J Med 2008; 358: 36-46 [PMID: 18172173 DOI: 10.1056/
NEJMoa073149]
Kang YK, Kang WK, Shin DB, Chen J, Xiong J, Wang J,
Lichinitser M, Guan Z, Khasanov R, Zheng L, Philco-Salas M,
Suarez T, Santamaria J, Forster G, McCloud PI. Capecitabine/
cisplatin versus 5-fluorouracil/cisplatin as first-line therapy
in patients with advanced gastric cancer: a randomised phase
III noninferiority trial. Ann Oncol 2009; 20: 666-673 [PMID:
19153121 DOI: 10.1093/annonc/mdn717]
Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi
M, Miyashita K, Nishizaki T, Kobayashi O, Takiyama W, Toh Y,
Nagaie T, Takagi S, Yamamura Y, Yanaoka K, Orita H, Takeuchi
M. S-1 plus cisplatin versus S-1 alone for first-line treatment
of advanced gastric cancer (SPIRITS trial): a phase III trial.
Lancet Oncol 2008; 9: 215-221 [PMID: 18282805 DOI: 10.1016/
S1470-2045(08)70035-4]
Ajani JA, Rodriguez W, Bodoky G, Moiseyenko V, Lichinitser
M, Gorbunova V, Vynnychenko I, Garin A, Lang I, Falcon S.
Multicenter phase III comparison of cisplatin/S-1 with cisplatin/
infusional fluorouracil in advanced gastric or gastroesophageal
adenocarcinoma study: the FLAGS trial. J Clin Oncol 2010; 28:
1547-1553 [PMID: 20159816 DOI: 10.1200/JCO.2009.25.4706]
Dank M, Zaluski J, Barone C, Valvere V, Yalcin S, Peschel C,
Wenczl M, Goker E, Cisar L, Wang K, Bugat R. Randomized
phase III study comparing irinotecan combined with 5-fluorouracil
and folinic acid to cisplatin combined with 5-fluorouracil in
chemotherapy naive patients with advanced adenocarcinoma of
the stomach or esophagogastric junction. Ann Oncol 2008; 19:
1450-1457 [PMID: 18558665 DOI: 10.1093/annonc/mdn166]
Guimbaud R, Louvet C, Ries P, Ychou M, Maillard E, André
T, Gornet JM, Aparicio T, Nguyen S, Azzedine A, Etienne PL,
Boucher E, Rebischung C, Hammel P, Rougier P, Bedenne L,
Bouché O. Prospective, randomized, multicenter, phase III study of
fluorouracil, leucovorin, and irinotecan versus epirubicin, cisplatin,
and capecitabine in advanced gastric adenocarcinoma: a French
intergroup (Fédération Francophone de Cancérologie Digestive,
Fédération Nationale des Centres de Lutte Contre le Cancer, and
Groupe Coopérateur Multidisciplinaire en Oncologie) study. J
Clin Oncol 2014; 32: 3520-3526 [PMID: 25287828 DOI: 10.1200/
JCO.2013.54.1011]
Ford HE, Marshall A, Bridgewater JA, Janowitz T, Coxon FY,
Wadsley J, Mansoor W, Fyfe D, Madhusudan S, Middleton GW,
Swinson D, Falk S, Chau I, Cunningham D, Kareclas P, Cook N,
Blazeby JM, Dunn JA. Docetaxel versus active symptom control
for refractory oesophagogastric adenocarcinoma (COUGAR-02):
an open-label, phase 3 randomised controlled trial. Lancet
Oncol 2014; 15: 78-86 [PMID: 24332238 DOI: 10.1016/
S1470-2045(13)70549-7]
Kang JH, Lee SI, Lim do H, Park KW, Oh SY, Kwon HC, Hwang
IG, Lee SC, Nam E, Shin DB, Lee J, Park JO, Park YS, Lim HY,
Kang WK, Park SH. Salvage chemotherapy for pretreated gastric
cancer: a randomized phase III trial comparing chemotherapy
plus best supportive care with best supportive care alone. J Clin
Oncol 2012; 30: 1513-1518 [PMID: 22412140 DOI: 10.1200/
JCO.2011.39.4585]
Thuss-Patience PC, Kretzschmar A, Bichev D, Deist T, Hinke A,
Breithaupt K, Dogan Y, Gebauer B, Schumacher G, Reichardt P.
Survival advantage for irinotecan versus best supportive care as
second-line chemotherapy in gastric cancer--a randomised phase
III study of the Arbeitsgemeinschaft Internistische Onkologie
(AIO). Eur J Cancer 2011; 47: 2306-2314 [PMID: 21742485 DOI:
10.1016/j.ejca.2011.06.002]
Hironaka S, Ueda S, Yasui H, Nishina T, Tsuda M, Tsumura T,
Sugimoto N, Shimodaira H, Tokunaga S, Moriwaki T, Esaki T,
Nagase M, Fujitani K, Yamaguchi K, Ura T, Hamamoto Y, Morita
S, Okamoto I, Boku N, Hyodo I. Randomized, open-label, phase
III study comparing irinotecan with paclitaxel in patients with
advanced gastric cancer without severe peritoneal metastasis after

WJG|www.wjgnet.com

19
20
21
22
23
24

25

26

27

28

29

30

31

4820

failure of prior combination chemotherapy using fluoropyrimidine
plus platinum: WJOG 4007 trial. J Clin Oncol 2013; 31: 4438-4444
[PMID: 24190112 DOI: 10.1200/JCO.2012.48.5805]
Cancer Genome Atlas Research Network. Comprehensive
molecular characterization of gastric adenocarcinoma. Nature
2014; 513: 202-209 [PMID: 25079317 DOI: 10.1038/nature13480]
Hsieh AC, Moasser MM. Targeting HER proteins in cancer
therapy and the role of the non-target HER3. Br J Cancer 2007;
97: 453-457 [PMID: 17667926 DOI: 10.1038/sj.bjc.6603910]
Okines A, Cunningham D, Chau I. Targeting the human EGFR
family in esophagogastric cancer. Nat Rev Clin Oncol 2011; 8:
492-503 [PMID: 21468131 DOI: 10.1038/nrclinonc.2011.45]
Li SG, Li L. Targeted therapy in HER2-positive breast cancer.
Biomed Rep 2013; 1: 499-505 [PMID: 24648975 DOI: 10.3892/
br.2013.95]
Gravalos C, Jimeno A. HER2 in gastric cancer: a new prognostic
factor and a novel therapeutic target. Ann Oncol 2008; 19:
1523-1529 [PMID: 18441328 DOI: 10.1093/annonc/mdn169]
Yano T, Doi T, Ohtsu A, Boku N, Hashizume K, Nakanishi M,
Ochiai A. Comparison of HER2 gene amplification assessed by
fluorescence in situ hybridization and HER2 protein expression
assessed by immunohistochemistry in gastric cancer. Oncol Rep
2006; 15: 65-71 [PMID: 16328035 DOI: 10.3892/or.15.1.65]
Sheng WQ, Huang D, Ying JM, Lu N, Wu HM, Liu YH, Liu
JP, Bu H, Zhou XY, Du X. HER2 status in gastric cancers: a
retrospective analysis from four Chinese representative clinical
centers and assessment of its prognostic significance. Ann Oncol
2013; 24: 2360-2364 [PMID: 23788757 DOI: 10.1093/annonc/
mdt232]
Carey LA, Perou CM, Livasy CA, Dressler LG, Cowan D,
Conway K, Karaca G, Troester MA, Tse CK, Edmiston S, Deming
SL, Geradts J, Cheang MC, Nielsen TO, Moorman PG, Earp HS,
Millikan RC. Race, breast cancer subtypes, and survival in the
Carolina Breast Cancer Study. JAMA 2006; 295: 2492-2502 [PMID:
16757721 DOI: 10.1001/jama.295.21.2492]
Hofmann M, Stoss O, Shi D, Büttner R, van de Vijver M, Kim
W, Ochiai A, Rüschoff J, Henkel T. Assessment of a HER2
scoring system for gastric cancer: results from a validation study.
Histopathology 2008; 52: 797-805 [PMID: 18422971 DOI:
10.1111/j.1365-2559.2008.03028.x]
Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L,
Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G,
Kulikov E, Hill J, Lehle M, Rüschoff J, Kang YK. Trastuzumab
in combination with chemotherapy versus chemotherapy alone for
treatment of HER2-positive advanced gastric or gastro-oesophageal
junction cancer (ToGA): a phase 3, open-label, randomised
controlled trial. Lancet 2010; 376: 687-697 [PMID: 20728210
DOI: 10.1016/S0140-6736(10)61121-X]
Hecht JR, Bang YJ, Qin SK, Chung HC, Xu JM, Park JO,
Jeziorski K, Shparyk Y, Hoff PM, Sobrero A, Salman P, Li J,
Protsenko SA, Wainberg ZA, Buyse M, Afenjar K, Houé V,
Garcia A, Kaneko T, Huang Y, Khan-Wasti S, Santillana S, Press
MF, Slamon D. Lapatinib in Combination With Capecitabine
Plus Oxaliplatin in Human Epidermal Growth Factor Receptor
2-Positive Advanced or Metastatic Gastric, Esophageal, or
Gastroesophageal Adenocarcinoma: TRIO-013/LOGiC-A
Randomized Phase III Trial. J Clin Oncol 2016; 34: 443-451 [PMID:
26628478 DOI: 10.1200/JCO.2015.62.6598]
Satoh T, Xu RH, Chung HC, Sun GP, Doi T, Xu JM, Tsuji
A, Omuro Y, Li J, Wang JW, Miwa H, Qin SK, Chung IJ, Yeh
KH, Feng JF, Mukaiyama A, Kobayashi M, Ohtsu A, Bang YJ.
Lapatinib plus paclitaxel versus paclitaxel alone in the secondline treatment of HER2-amplified advanced gastric cancer in
Asian populations: TyTAN--a randomized, phase III study. J Clin
Oncol 2014; 32: 2039-2049 [PMID: 24868024 DOI: 10.1200/
JCO.2013.53.6136]
Kang YK, Shah MA, Ohtsu A, Van Cutsem E, Ajani JA, van der
Horst T, Harle-Yge M, Piao Y, Althaus B, Thuss-Patience PC. A
randomized, open-label, multicenter, adaptive phase 2/3 study of
trastuzumab emtansine (T-DM1) versus a taxane (TAX) in patients

May 28, 2016|Volume 22|Issue 20|

Jou E et al . Therapies for advanced gastric cancer

32
33

34

35

36

37

38
39

40

41

42

43

(pts) with previously treated HER2-positive locally advanced or
metastatic gastric/gastroesophageal junction adenocarcinoma (LA/
MGC/GEJC). J Clin Oncol 2016; 34: 5
Herbst RS. Review of epidermal growth factor receptor biology.
Int J Radiat Oncol Biol Phys 2004; 59: 21-26 [PMID: 15142631]
Oda K, Matsuoka Y, Funahashi A, Kitano H. A comprehensive
pathway map of epidermal growth factor receptor signaling. Mol
Syst Biol 2005; 1: 2005.0010 [PMID: 16729045 DOI: 10.1038/
msb4100014]
Wang KL, Wu TT, Choi IS, Wang H, Resetkova E, Correa AM,
Hofstetter WL, Swisher SG, Ajani JA, Rashid A, Albarracin CT.
Expression of epidermal growth factor receptor in esophageal and
esophagogastric junction adenocarcinomas: association with poor
outcome. Cancer 2007; 109: 658-667 [PMID: 17211865 DOI:
10.1002/cncr.22445]
Lieto E, Ferraraccio F, Orditura M, Castellano P, Mura AL, Pinto
M, Zamboli A, De Vita F, Galizia G. Expression of vascular
endothelial growth factor (VEGF) and epidermal growth factor
receptor (EGFR) is an independent prognostic indicator of worse
outcome in gastric cancer patients. Ann Surg Oncol 2008; 15:
69-79 [PMID: 17896140 DOI: 10.1245/s10434-007-9596-0]
Lordick F, Kang YK, Chung HC, Salman P, Oh SC, Bodoky
G, Kurteva G, Volovat C, Moiseyenko VM, Gorbunova V, Park
JO, Sawaki A, Celik I, Götte H, Melezínková H, Moehler M.
Capecitabine and cisplatin with or without cetuximab for patients
with previously untreated advanced gastric cancer (EXPAND):
a randomised, open-label phase 3 trial. Lancet Oncol 2013; 14:
490-499 [PMID: 23594786]
Waddell T, Chau I, Cunningham D, Gonzalez D, Okines AF,
Okines C, Wotherspoon A, Saffery C, Middleton G, Wadsley
J, Ferry D, Mansoor W, Crosby T, Coxon F, Smith D, Waters J,
Iveson T, Falk S, Slater S, Peckitt C, Barbachano Y. Epirubicin,
oxaliplatin, and capecitabine with or without panitumumab for
patients with previously untreated advanced oesophagogastric
cancer (REAL3): a randomised, open-label phase 3 trial. Lancet
Oncol 2013; 14: 481-489 [PMID: 23594787 DOI: 10.1016/
S1470-2045(13)70096-2]
Ferrara N, Gerber HP, LeCouter J. The biology of VEGF and
its receptors. Nat Med 2003; 9: 669-676 [PMID: 12778165 DOI:
10.1038/nm0603-669]
Prins MJ, Verhage RJ, ten Kate FJ, van Hillegersberg R.
Cyclooxygenase isoenzyme-2 and vascular endothelial growth
factor are associated with poor prognosis in esophageal
adenocarcinoma. J Gastrointest Surg 2012; 16: 956-966 [PMID:
22258871 DOI: 10.1007/s11605-011-1814-1]
Shi H, Xu JM, Hu NZ, Xie HJ. Prognostic significance of
expression of cyclooxygenase-2 and vascular endothelial growth
factor in human gastric carcinoma. World J Gastroenterol 2003; 9:
1421-1426 [PMID: 12854133 DOI: 10.3748/wjg.v9.i7.1421]
Ohtsu A, Shah MA, Van Cutsem E, Rha SY, Sawaki A, Park
SR, Lim HY, Yamada Y, Wu J, Langer B, Starnawski M, Kang
YK. Bevacizumab in combination with chemotherapy as firstline therapy in advanced gastric cancer: a randomized, doubleblind, placebo-controlled phase III study. J Clin Oncol 2011; 29:
3968-3976 [PMID: 21844504]
Shen L, Li J, Xu J, Pan H, Dai G, Qin S, Wang L, Wang J, Yang
Z, Shu Y, Xu R, Chen L, Liu Y, Yu S, Bu L, Piao Y. Bevacizumab
plus capecitabine and cisplatin in Chinese patients with inoperable
locally advanced or metastatic gastric or gastroesophageal junction
cancer: randomized, double-blind, phase III study (AVATAR
study). Gastric Cancer 2015; 18: 168-176 [PMID: 24557418 DOI:
10.1007/s10120-014-0351-5]
Fuchs CS, Tomasek J, Yong CJ, Dumitru F, Passalacqua R,
Goswami C, Safran H, dos Santos LV, Aprile G, Ferry DR,
Melichar B, Tehfe M, Topuzov E, Zalcberg JR, Chau I, Campbell
W, Sivanandan C, Pikiel J, Koshiji M, Hsu Y, Liepa AM, Gao
L, Schwartz JD, Tabernero J. Ramucirumab monotherapy for
previously treated advanced gastric or gastro-oesophageal junction
adenocarcinoma (REGARD): an international, randomised,
multicentre, placebo-controlled, phase 3 trial. Lancet 2014; 383:

WJG|www.wjgnet.com

44

45

46

47
48

49

50

51

52

53

4821

31-39 [PMID: 24094768 DOI: 10.1016/S0140-6736(13)61719-5]
Wilke H, Van Cutsem E, Oh SC, Bodoky G, Shimada Y, Hironaka
S, Sugimoto N, Lipatov ON, Kim TY, Cunningham D, Ohtsu
A, Rougier P, Emig M, Carlesi R, Chandrawansa K, Muro K.
RAINBOW: A global, phase 3, randomized, double-blind study of
ramucirumab plus paclitaxel versus placebo plus paclitaxel in the
treatment of metastatic gastric adenocarcinoma following disease
progression on first-line platinum- and fluoropyrimidine-containing
combination therapy: Results of a multiple Cox regression analysis
adjusting for prognostic factors. J Clin Oncol 2014; 32: 4076
Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky G, Shimada
Y, Hironaka S, Sugimoto N, Lipatov O, Kim TY, Cunningham
D, Rougier P, Komatsu Y, Ajani J, Emig M, Carlesi R, Ferry
D, Chandrawansa K, Schwartz JD, Ohtsu A. Ramucirumab
plus paclitaxel versus placebo plus paclitaxel in patients with
previously treated advanced gastric or gastro-oesophageal junction
adenocarcinoma (RAINBOW): a double-blind, randomised phase
3 trial. Lancet Oncol 2014; 15: 1224-1235 [PMID: 25240821 DOI:
10.1016/S1470-2045(14)70420-6]
Yoon HH, Bendell JC, Braiteh FS, Firdaus I, Philip PA, Cohn
AL, Lewis N, Anderson DM, Arrowsmith E, Schwartz JD, Xu
Y, Koshiji M, Alberts SR, Wainberg ZA. Ramucirumab (RAM)
plus FOLFOX as front-line therapy (Rx) for advanced gastric or
esophageal adenocarcinoma (GE-AC): Randomized, double-blind,
multicenter phase 2 trial. J Clin Oncol 2014; 32: 4004
Qin S. Phase III study of apatinib in advanced gastric cancer: A
randomized, double-blind, placebo-controlled trial. J Clin Oncol
2014; 32: 4003
Bang YJ, Kang YK, Kang WK, Boku N, Chung HC, Chen JS, Doi
T, Sun Y, Shen L, Qin S, Ng WT, Tursi JM, Lechuga MJ, Lu DR,
Ruiz-Garcia A, Sobrero A. Phase II study of sunitinib as secondline treatment for advanced gastric cancer. Invest New Drugs 2011;
29: 1449-1458 [PMID: 20461441 DOI: 10.1007/s10637-0109438-y]
Moehler MH, Thuss-Patience PC, Schmoll HJ, HegewischBecker S, Wilke H, Al-Batran SE, Weissinger F, Kullmann F,
Fischer Von Weikersthal L, Siveke JT, Kanzler S, Schimanski CC,
Otte M, Schollenberger L, Koenig J, Galle PR. FOLFIRI plus
sunitinib versus FOLFIRI alone in advanced chemorefractory
esophagogastric cancer patients: a randomized placebo-controlled
multicentric AIO phase II trial. J Clin Oncol 2013; 31: 4086
Sun W, Powell M, O’Dwyer PJ, Catalano P, Ansari RH, Benson
AB. Phase II study of sorafenib in combination with docetaxel
and cisplatin in the treatment of metastatic or advanced gastric
and gastroesophageal junction adenocarcinoma: ECOG 5203. J
Clin Oncol 2010; 28: 2947-2951 [PMID: 20458043 DOI: 10.1200/
JCO.2009.27.7988]
Martin-Richard M, Gallego R, Pericay C, Garcia Foncillas
J, Queralt B, Casado E, Barriuso J, Iranzo V, Juez I, Visa L,
Saigi E, Barnadas A, Garcia-Albeniz X, Maurel J. Multicenter
phase II study of oxaliplatin and sorafenib in advanced gastric
adenocarcinoma after failure of cisplatin and fluoropyrimidine
treatment. A GEMCAD study. Invest New Drugs 2013; 31:
1573-1579 [PMID: 24077981 DOI: 10.1007/s10637-013-0020-2]
Thuss-Patience PC, Al-Batran SE, Siveke JT, Homann N,
Malfertheiner P, Glaeser D, Stein A, Tamm I, Daum S, Potenberg
J, Florschütz A, Vogel A, Ridwelski K, Ritgen M, Geissler
M, Schmalenberg H, Schlattmann P, Lorenz M, Breithaupt
K, Pichlmeier U. Pazopanib and 5-FU/oxaliplatin as first-line
treatment in advanced gastric cancer: PaFLO, a randomized
phase II study from the AIO (Arbeitsgemeinschaft Internistische
Onkologie). J Clin Oncol 2015; 33: 4033
Pavlakis N, Sjoquist KM, Tsobanis E, Martin AJ, Kang YK, Bang
YJ, O’Callaghan CJ, Tebbutt NC, Rha SY, Lee J, Cho JY, Lipton
LR, Burnell MJ, Alcindor T, Strickland A, Kim JW, Yip S, Simes J,
Zalcberg JR, Goldstein D. INTEGRATE: A randomized, phase II,
double-blind, placebo-controlled study of regorafenib in refractory
advanced oesophagogastric cancer (AOGC): A study by the
Australasian Gastrointestinal Trials Group (AGITG)-Final overall
and subgroup results. J Clin Oncol 2015; 33: 4003

May 28, 2016|Volume 22|Issue 20|

Jou E et al . Therapies for advanced gastric cancer
54
55
56

57

58

59
60

61

62

63

64

65

66

Guertin DA, Sabatini DM. Defining the role of mTOR in cancer.
Cancer Cell 2007; 12: 9-22 [PMID: 17613433 DOI: 10.1016/
j.ccr.2007.05.008]
Bjornsti MA, Houghton PJ. The TOR pathway: a target for cancer
therapy. Nat Rev Cancer 2004; 4: 335-348 [PMID: 15122205 DOI:
10.1038/nrc1362]
Shi J, Yao D, Liu W, Wang N, Lv H, He N, Shi B, Hou P, Ji M.
Frequent gene amplification predicts poor prognosis in gastric
cancer. Int J Mol Sci 2012; 13: 4714-4726 [PMID: 22606006 DOI:
10.3390/ijms13044714]
Yu HG, Ai YW, Yu LL, Zhou XD, Liu J, Li JH, Xu XM, Liu S,
Chen J, Liu F, Qi YL, Deng Q, Cao J, Liu SQ, Luo HS, Yu JP.
Phosphoinositide 3-kinase/Akt pathway plays an important role
in chemoresistance of gastric cancer cells against etoposide and
doxorubicin induced cell death. Int J Cancer 2008; 122: 433-443
[PMID: 17935137 DOI: 10.1002/ijc.23049]
Ohtsu A, Ajani JA, Bai YX, Bang YJ, Chung HC, Pan HM,
Sahmoud T, Shen L, Yeh KH, Chin K, Muro K, Kim YH, Ferry
D, Tebbutt NC, Al-Batran SE, Smith H, Costantini C, Rizvi S,
Lebwohl D, Van Cutsem E. Everolimus for previously treated
advanced gastric cancer: results of the randomized, double-blind,
phase III GRANITE-1 study. J Clin Oncol 2013; 31: 3935-3943
[PMID: 24043745 DOI: 10.1200/JCO.2012.48.3552]
Gherardi E, Birchmeier W, Birchmeier C, Vande Woude G.
Targeting MET in cancer: rationale and progress. Nat Rev Cancer
2012; 12: 89-103 [PMID: 22270953 DOI: 10.1038/nrc3205]
Yashiro M, Nishii T, Hasegawa T, Matsuzaki T, Morisaki
T, Fukuoka T, Hirakawa K. A c-Met inhibitor increases the
chemosensitivity of cancer stem cells to the irinotecan in gastric
carcinoma. Br J Cancer 2013; 109: 2619-2628 [PMID: 24129235
DOI: 10.1038/bjc.2013.638]
Nakajima M, Sawada H, Yamada Y, Watanabe A, Tatsumi M,
Yamashita J, Matsuda M, Sakaguchi T, Hirao T, Nakano H. The
prognostic significance of amplification and overexpression of
c-met and c-erb B-2 in human gastric carcinomas. Cancer 1999;
85: 1894-1902 [PMID: 10223227]
Graziano F, Galluccio N, Lorenzini P, Ruzzo A, Canestrari E, D’
Emidio S, Catalano V, Sisti V, Ligorio C, Andreoni F, Rulli E, Di
Oto E, Fiorentini G, Zingaretti C, De Nictolis M, Cappuzzo F,
Magnani M. Genetic activation of the MET pathway and prognosis
of patients with high-risk, radically resected gastric cancer. J Clin
Oncol 2011; 29: 4789-4795 [PMID: 22042954 DOI: 10.1200/
JCO.2011.36.7706]
Lennerz JK, Kwak EL, Ackerman A, Michael M, Fox SB,
Bergethon K, Lauwers GY, Christensen JG, Wilner KD, Haber
DA, Salgia R, Bang YJ, Clark JW, Solomon BJ, Iafrate AJ.
MET amplification identifies a small and aggressive subgroup of
esophagogastric adenocarcinoma with evidence of responsiveness
to crizotinib. J Clin Oncol 2011; 29: 4803-4810 [PMID: 22042947
DOI: 10.1200/JCO.2011.35.4928]
Oliner KS, Tang R, Anderson A, Lan Y, Iveson T, Donehower RC,
Jiang Y, Dubey S, Loh E. Evaluation of MET pathway biomarkers
in a phase II study of rilotumumab (R, AMG 102) or placebo (P)
in combination with epirubicin, cisplatin, and capecitabine (ECX)
in patients (pts) with locally advanced or metastatic gastric (G)
or esophagogastric junction (EGJ) cancer. J Clin Oncol 2012; 30:
4005
Iveson T, Donehower RC, Davidenko I, Tjulandin S, Deptala A,
Harrison M, Nirni S, Lakshmaiah K, Thomas A, Jiang Y, Zhu M,
Tang R, Anderson A, Dubey S, Oliner KS, Loh E. Rilotumumab
in combination with epirubicin, cisplatin, and capecitabine as
first-line treatment for gastric or oesophagogastric junction
adenocarcinoma: an open-label, dose de-escalation phase 1b
study and a double-blind, randomised phase 2 study. Lancet
Oncol 2014; 15: 1007-1018 [PMID: 24965569 DOI: 10.1016/
S1470-2045(14)70023-3]
Cunningham D, Tebbutt NC, Davidenko I, Murad AM, AlBatran SE, Ilson DH, Tjulandin S, Gotovkin E, Karaszewska
B, Bondarenko I, Tejani MA, Udrea AA, Tehfe MA, Baker N,
Oliner KS, Zhang Y, Hoang T, Sidhu R, Catenacci DVT. Phase

WJG|www.wjgnet.com

67

68

69
70
71

72

73

74
75

76

77

78

79

4822

III, randomized, double-blind, multicenter, placebo (P)-controlled
trial of rilotumumab (R) plus epirubicin, cisplatin and capecitabine
(ECX) as first-line therapy in patients (pts) with advanced METpositive (pos) gastric or gastroesophageal junction (G/GEJ) cancer:
RILOMET-1 study. J Clin Oncol 2015; 33: 4000
Shah MA, Cho JY, Huat ITB, Tebbutt NC, Yen CJ, Kang A,
Shames DS, Bu L, Kang YK. Randomized Phase II Study of
FOLFOX /- MET Inhibitor, Onartuzumab (O), in Advanced
Gastroesophageal Adenocarcinoma (GEC). J Clin Oncol 2015;
33: 2
Shah MA, Bang YJ, Lordick F, Tabernero J, Chen M, Hack SP,
Phan SC, Shames DS, Cunningham D. METGastric: A phase
III study of onartuzumab plus mFOLFOX6 in patients with
metastatic HER2-negative (HER2-) and MET-positive (MET )
adenocarcinoma of the stomach or gastroesophageal junction
(GEC). J Clin Oncol 2015; 33: 4012
Javle M, Curtin NJ. The role of PARP in DNA repair and its
therapeutic exploitation. Br J Cancer 2011; 105: 1114-1122 [PMID:
21989215 DOI: 10.1038/bjc.2011.382]
Rouleau M, Patel A, Hendzel MJ, Kaufmann SH, Poirier GG.
PARP inhibition: PARP1 and beyond. Nat Rev Cancer 2010; 10:
293-301 [PMID: 20200537 DOI: 10.1038/nrc2812]
Bang YJ, Im SA, Lee KW, Cho JY, Song EK, Lee KH, Kim YH,
Park JO, Chun HG, Zang DY, Fielding A, Rowbottom J, Hodgson D,
O’Connor MJ, Yin X, Kim WH. Randomized, Double-Blind Phase
II Trial With Prospective Classification by ATM Protein Level to
Evaluate the Efficacy and Tolerability of Olaparib Plus Paclitaxel
in Patients With Recurrent or Metastatic Gastric Cancer. J Clin
Oncol 2015; 33: 3858-3865 [PMID: 26282658 DOI: 10.1200/
JCO.2014.60.0320]
Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer
immunoediting: from immunosurveillance to tumor escape. Nat
Immunol 2002; 3: 991-998 [PMID: 12407406 DOI: 10.1038/
ni1102-991]
Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting:
integrating immunity’s roles in cancer suppression and promotion.
Science 2011; 331: 1565-1570 [PMID: 21436444 DOI: 10.1126/
science.1203486]
Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer 2012; 12: 252-264 [PMID:
22437870 DOI: 10.1038/nrc3239]
Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA,
Haanen JB, Gonzalez R, Robert C, Schadendorf D, Hassel JC,
Akerley W, van den Eertwegh AJ, Lutzky J, Lorigan P, Vaubel JM,
Linette GP, Hogg D, Ottensmeier CH, Lebbé C, Peschel C, Quirt
I, Clark JI, Wolchok JD, Weber JS, Tian J, Yellin MJ, Nichol GM,
Hoos A, Urba WJ. Improved survival with ipilimumab in patients
with metastatic melanoma. N Engl J Med 2010; 363: 711-723
[PMID: 20525992 DOI: 10.1056/NEJMoa1003466]
Ralph C, Elkord E, Burt DJ, O’Dwyer JF, Austin EB, Stern PL,
Hawkins RE, Thistlethwaite FC. Modulation of lymphocyte
regulation for cancer therapy: a phase II trial of tremelimumab in
advanced gastric and esophageal adenocarcinoma. Clin Cancer Res
2010; 16: 1662-1672 [PMID: 20179239 DOI: 10.1158/1078-0432.
CCR-09-2870]
Muro K, Bang Y, Shankaran V, Geva R, Catenacci DVT, Gupta S,
Eder JP, Berger R, Gonzalez EJ, Pulini J, Ray AB, Dolled-Filhart
M, Emancipator K, Pathiraja K, Shu X, Koshiji MR, Cheng J,
Chung HC. LBA15 A phase 1b study of pembrolizumab (PEMBRO;
MK-3475) in patients (PTS) with advanced gastric cancer. Ann
Oncol 2014; 25: v1-v41 [DOI: 10.1093/annonc/mdu438.15]
Muro K, Bang YJ, Shankaran V, Geva R, Catenacci DVT, Gupta
S, Eder JP, Berger R, Gonzalez EJ, Ray A, Dolled-Filhart M,
Emancipator K, Pathiraja K, Lunceford JK, Cheng JD, Koshiji M,
Chung HC. Relationship between PD-L1 expression and clinical
outcomes in patients (Pts) with advanced gastric cancer treated
with the anti-PD-1 monoclonal antibody pembrolizumab (Pembro;
MK-3475) in KEYNOTE-012. J Clin Oncol 2015; 33: 3
Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring
AD, Skora AD, Luber BS, Azad NS, Laheru D, Biedrzycki B,

May 28, 2016|Volume 22|Issue 20|

Jou E et al . Therapies for advanced gastric cancer
Donehower RC, Zaheer A, Fisher GA, Crocenzi TS, Lee JJ,
Duffy SM, Goldberg RM, de la Chapelle A, Koshiji M, Bhaijee
F, Huebner T, Hruban RH, Wood LD, Cuka N, Pardoll DM,
Papadopoulos N, Kinzler KW, Zhou S, Cornish TC, Taube
JM, Anders RA, Eshleman JR, Vogelstein B, Diaz LA. PD-1
Blockade in Tumors with Mismatch-Repair Deficiency. N Engl

80

J Med 2015; 372: 2509-2520 [PMID: 26028255 DOI: 10.1056/
NEJMoa1500596]
Lutzky J, Antonia SJ, Blake-Haskins A, Li X, Robbins PB,
Shalabi AM, Vasselli J, Ibrahim RA, Khleif S, Segal NH. A phase
1 study of MEDI4736, an anti-PD-L1 antibody, in patients with
advanced solid tumors. J Clin Oncol 2014; 32: 3001
P- Reviewer: Gu GL, Korkeila E, Luo HS, Nomura S
S- Editor: Ma YJ L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

4823

May 28, 2016|Volume 22|Issue 20|

World J Gastroenterol 2016 May 28; 22(20): 4824-4834
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i20.4824

© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Multiplex qPCR for serodetection and serotyping of
hepatitis viruses: A brief review
Mohammad Irshad, Priyanka Gupta, Dhananjay Singh Mankotia, Mohammad Ahmad Ansari
for detection and subtyping of hepatitis viruses in
body fluids. Several studies have reported the use of
multiplex qPCR for the detection of hepatitis viruses,
including hepatitis A virus (HAV), hepatitis B virus (HBV),
hepatitis C virus (HCV), hepatitis D virus (HDV), and
hepatitis E virus (HEV). In addition, multiplex qPCR has
also been developed for genotyping HBV, HCV, and
HEV subtypes. Although a single step multiplex qPCR
assay for all six hepatitis viruses, i.e. , A to G viruses,
is not yet reported, it may be available in the near
future as the technologies continue to advance. All
studies use a conserved region of the viral genome as
the basis of amplification and hydrolysis probes as the
preferred chemistries for improved detection. Based on
a standard plot prepared using varying concentrations
of template and the observed threshold cycle value,
it is possible to determine the linear dynamic range
and to calculate an exact copy number of virus in the
specimen. Advantages of multiplex qPCR assay over
singleplex or other molecular techniques in samples
from patients with co-infection include fast results, low
cost, and a single step investigation process.
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Core tip: The present review describes the worldwide
application and the significance of multiplex quan
titative real time polymerase chain reaction (qPCR)
for simultaneous detection of hepatitis viruses and
their subtypes in serum. The published literature
has demonstrated that the multiplex qPCR assay is
a fast, easy, cost-effective, and sensitive technique
for the early diagnosis of hepatitis co-infections. Use
of this technique, in comparison to other diagnostic
procedures, is increasing in diagnostic laboratories.

Abstract
The present review describes the current status of
multiplex quantitative real time polymerase chain
reaction (qPCR) assays developed and used globally
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based methods were developed for detecting the
viral genome in serum for the diagnosis of viral
hepatitis. NAT based methods have the benefit of
direct examination of the infectious agent’s genome in
[9,10]
serum
.
The conventional polymerase chain reaction
(PCR) is one such NAT based method that has been
in practice in some laboratories for the diagnosis
[11]
of viral hepatitis in the last few years . However,
conventional PCR is a lengthy procedure with several
technical and operational problems, and so, it is
of limited use. In addition, each marker needs to
be investigated separately by PCR, and it takes a
very long time to reach a final diagnosis. Because
of these limitations of conventional PCR, the use of
real time PCR was supposed to be a better option for
early diagnosis of viral hepatitis in both sporadic and
epidemic cases. Real time PCR is one of the latest
techniques frequently used for the diagnosis of various
infectious diseases, including viral hepatitis. It can
detect causative pathogen-related nucleic acid in body
fluids in a very short time period. It can also be used
to determine different molecular forms and variant
molecular species of pathogens, including bacteria,
[12,13]
viruses, and several parasites
. Real time PCR is
a specific and sensitive technique and uses specific
probes and primers to detect target sequences in
the genome. Moreover, this technique is performed
on an automated machine without the need of post
PCR procedures, thus minimizing cross contamination
between samples, simultaneously accelerating the
[14]
analysis .
The recent development of molecular technologies
has relayed a strong message to medical researchers
to explore ways to further improve the diagnostic
procedures. Those researchers working in the area
of medical virology have switched from traditional
approaches of virus detection in clinical samples to
multiplexing for simultaneous detection of multiple
[15]
pathogens in a single assay . Recently, several
PCR based assays coupled with oligonucleotide
microarray technology have been designed to allow
for the simultaneous detection and genotyping of
[16]
several viruses, including blood borne pathogens ,
[17]
[18]
respiratory viruses , and adenoviruses . These
assays show a significant increase in the sensitivity of
detection, reaching 10-100 copies of target RNA/DNA
[19]
in a sample . Given the ease of performance, short
reaction time, low cost, and the ability to monitor
the results on a screen, these assays have proved
attractive to all diagnostic laboratories furnished
with minimal essential facilities. After surveying the
literature on the use of PCR based multiplex assays for
detecting and genotyping hepatitis viruses, we noticed
several attempts to develop multiplex real time PCR
assays for hepatitis in the last few years. Here, we
provide an up to date review on the development, use,
and significance of multiplex qPCR in the field of viral
hepatitis.

Irshad M, Gupta P, Mankotia DS, Ansari MA. Multiplex
qPCR for serodetection and serotyping of hepatitis viruses: A
brief review. World J Gastroenterol 2016; 22(20): 4824-4834
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i20/4824.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i20.4824

INTRODUCTION
Viral hepatitis is a serious public health problem
requiring early diagnosis and timely treatment. There
are a number of hepatitis viruses that have already
been characterized based on their molecular structure
and named alphabetically as hepatitis viruses A,
B, C, D, E, and G (HAV, HBV, HCV, HDV, HEV, and
HGV), respectively. These are hepatotropic and noncytopathic in nature and cause liver damage by
[1]
immune mediated cell lysis . There is an additional
group of viruses that cause hepatitis but are not yet
characterized. These viruses have been put under
the category of non A-G hepatitis viruses. HAV
infects mainly the pediatric age group, occurs both
sporadically as well as in epidemics, and accounts for
[2]
an estimated 1.4 million cases annually . Two billion
people are suspected to be infected with HBV globally,
and approximately 350 million of them suffer from
[3]
chronic hepatitis B infection . About 25% of adults
infected with HBV during childhood are reported to
die from hepatocellular carcinoma (HCC) or liver
[4]
cirrhosis . In addition, 3-4 million people are infected
with HCV each year, and a high proportion of them
develop chronic HCV infection. A large population
infected with HCV dies from serious liver diseases
[5]
annually . Similarly, reports are also available on
HEV infection. In addition to individual viral infection,
there are cases of co-infections reported from various
parts of the world. Hepatitis A and E infections usually
run a benign course of disease and resolve in due
course of time without developing chronic diseases. In
contrast, hepatitis B and C infections cause severe liver
diseases, developing chronicity in a significant number
of patients. Interestingly, hepatitis A and E infections
in patients with pre-existing HBV or HCV infections
lead to the development of serious diseases with a
[6]
significant rise in morbidity and mortality .
The diagnosis of hepatitis viral infections is usually
done with serological markers in blood. However, there
are situations where serology loses its credibility. For
example, serological markers can not differentiate
between past and present infections. In addition,
serological tests do not address the problem of
antigenic variations in viruses, infections with different
genotypes, presence of silent carriers, and absence of
[7]
antibody in early phase of infection . Moreover, the
presence of maternal antibodies makes it impossible
[8]
to detect infections in newborns . In order to have
an alternate system, the nucleic acid tests (NAT)
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[24]

with numerous options available to them . During
selection of chemistry and probe, one needs to
determine whether to quantify DNA, profile mRNA, or
[25]
perform allelic discrimination assays .
Real-time PCR and melting curve analysis (MCA)
are good techniques for quantifying nucleic acids,
detecting mutations, and conducting genotyping
[26]
analysis. These methods often use TaqMan probes ,
[27]
[28]
Molecular beacons , Sunrise primers , Scorpion
[29]
[30]
primers , and Light-up probes . An alternative to
probe-based methods is the use of DNA intercalating
dyes that bind to double-stranded DNA. These dyes
[31]
[32,33]
include ethidium bromide
and SYBR Green I
.
However, certain drawbacks limit the use of SYBR
[34]
Green I for resolving multiplex PCR based on MCA .
[35]
[36]
Other alternative dyes, such as BEBO , YO-PRO-1 ,
[37]
[38,39]
LC Green , and SYTO-9
have also been tried for
use in real time PCR. Table 2 provides a brief review
of various chemistries/dyes offering several options
for their use in qPCR assay developed for different
purposes. Studies for detecting and genotyping
hepatitis viruses with qPCR have reported different
[40]
sets of dyes based on choice and their availability .
However, most of the studies conducted have reported
a frequent use of hydrolysis probes despite many
options available. This information is available in the
[41-71]
data
compiled in Table 3.
[72]
The probe-based assays (e.g., TaqMan assays)
began to gain attention in mid-1990s with the de
[73,74]
velopment of quenched, fluorescent probes
and
[26,75]
the commercialization of real-time thermal cyclers
.
TaqMan (also known as Fluorogenic 5’ nuclease assay)
probes contain two dyes, a reporter dye (e.g., 6-FAM)
at the 5’ end and an acceptor dye at 3’ end, usually
tetramethyl rhodamine (TAMRA). Recently, TAMRA
fluorescent acceptor quencher dye was substituted
with a non-fluorescent quencher, e.g., Black Hole
[76]
Quencher . The proximity of the quencher to the
reporter in an intact probe quenches the fluorescence
signal of the reporter dye through fluorescence
resonance energy transfer. During amplification, the
5’ to 3’ nucleolytic activity of Taq polymerase cleaves
the probe between the reporter and the quencher
only if the probe hybridizes to the target. The probe
fragments get displaced from the target, separating
the reporter dye from the quencher dye, resulting in
increased emission of fluorescence. Floating TaqMan
probes are quenched due to random coiling in solution,
where fluorophore- and quencher-labeled ends come
[77]
together . In contrast, Molecular Beacon probes are
oligonucleotides designed in a way to induce hairpin
[78]
formation and produce the quenched state . TaqMan
and Molecular Beacon probes have been shown to be
less effective in discriminating closely related targets,
as in single nucleotide polymorphisms, drug-resistant
[79,80]
mutants, and somatic cancer mutations
. However,
molecular beacons are useful in situations where it
is not possible to isolate probe-target hybrids from

Table 1 Conserved genomic regions used as templates for
amplification of hepatitis viruses in qPCR assays
Virus

Conserved region

Ref.

HAV
HBV

5’ UTR
S-gene
X-gene
5’ UTR
Ribozyme-1
ORF2
ORF3
5’ UTR

[4,15,20,22]
[4, 19-21]
[15]
[4,15,19-21]
[20]
[15,22]
[20]
[20]

HCV
HDV
HEV
HGV

HAV: Hepatitis A virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus;
HDV: Hepatitis D virus; HEV: Hepatitis E virus; UTR: Untranslated
region; ORF: Open reading frame.

EXPERIMENTAL APPROACH FOR
MULTIPLEX qPCR
Search for conserved regions

In order to develop a multiplex qPCR assay for multiple
pathogens, the first and foremost step is to explore and
locate the target region on each pathogen’s genome for
amplification purpose. Since variation in the genome
is a dynamic process, it is necessary that a multiplex
assay uses the most conserved region representing
all the strains/variants for detection of the pathogen
in body fluid. In the case of hepatitis viral infections,
studies have reported a distinct conserved region that
has been used as a target for amplification of each
[4,20,21]
individual viral genome
. Table 1 shows the list
of target regions used in various studies on multiplex
qPCR assays developed for hepatitis viruses. The 5’
untranslated region (UTR) was reported to be the main
[20,22]
target template in HAV, HCV, and HGV
. It was
based on the availability of most conserved sequence
in the 5’ UTR for amplification purpose. Similarly,
S-gene or X-gene was used for HBV, ribozyme-1
gene for HDV, and open reading frame (ORF)-2 or
ORF-3 region for HEV. Different studies have reported
different sequences as templates in these selected
conserved regions, though, there was very little
information provided about the exact location of the
sequences used.

Designing of primers and probes

After deciding which conserved region and location
of the sequence were to be used as template, it is
important to design the primers and probes for their
[23]
use in the development of qPCR . The selection of
the primer is based on its specificity with the target
template. At the same time, its length, melting
temperature, GC content, 3’ end stability, sequence
complexity, and location in the target sequence
determine the length and melting temperature of the
amplicon produced and the amplification efficiency of
[23,24]
the assay
. Notably, the choice of chemistry and
probe design are at the liberty of the user’s interest,
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Table 2 Chemistries/Dyes used in qPCR assays
S. NO.
1

2

Class

Types

DNA binding
dyes

Ethidium Bromide,
SYBR Green, SYBR Gold,
YO-PRO-1, SYTO, BEBO,
BOXTO, EvaGreen
Fluorophore Primer probes
Hairpins: Scorpions,
labeled
Ampliflour, LUX
oligonucleotide

Cyclicons

Angler

Probes
Hydrolysis Probes:
TaqMan probes,
MGB-TaqMan,
Snake assay

Structure

Mechanism of action

Advantages

Applications

Intercalating dyes

Bind to the minor groove of
dsDNA during amplification

Inexpensive
Easily available

Pathogen detection
Gene expression
SNP detection
Genotyping

Loop based
oligonucleotides

Bind to target during
denaturation with emission of
fluorescence

Inexpensive,
Prevent formation
of primer dimer,
Less background
signals
Inexpensive
Less contamination
Less background
signals

Pathogen detection
Genotyping
SNP allelic
discrimination
Mutation detection
Pathogen detection
Genotyping
SNP allelic
discrimination
Mutation detection

Highly specific

Gene expression
Pathogen detection
SNP detection
Genotyping

Cyclic structure with
reporter at 3’ end and
quencher at 5’ end

Reporter and quencher in
close proximity with energy
transfer via FRET quenching.
Their separation results in
fluorescence emission during
amplification
Probe with DNA
During annealing step, DNA
sequence bound to
polymerase does extension of
reverse primer through 3’ end reverse primer. Later on,
a HEG linker
SYBR Gold dye intercalates in
dsDNA emitting fluorescence
Oligonucleotide with
reporter at 5’ and
quencher at 3’ end

Probe is degraded by 5’ to
3’ exonuclease activity of
DNA polymerase generating
fluorescence during extension

Hybridization probes:
A pair of
Binding to target during
Hybprobes, Molecular oligonucleotides having hybridization and annealing
Beacon, HyBeacon, MGB reporter dye on first
brings fluorophore into
Probes
and quencher on second
proximity producing
oligonucleotide
fluorescence by FRET

Nucleic acid analogues
PNAs, LNAs, ZNAs
Non-natural bases

Intercalating/inserting
dyes

Identical to conventional
oligonucleotides

Design and
synthesis easy

Microarray validation
Pathogen detection
SNP allelic
discrimination
Mutation detection
Design and
Microarray validation
synthesis quick and Pathogen detection
Viral/Bacterial
easy
genotyping
SNP allelic
discrimination
Mutation detection
Resistant to nuclease Discriminate between
and proteases
DNA and cDNA in
activity
prokaryotes

All above details were collected from report published in Clinica Chimica Acta 2015; 439: 231-250[25]. SNP: Single nucleotide polymorphisms.

an excess of the hybridization probes, for example in
[81]
sealed tubes or within living cells . An effective probe
requires a careful balancing act based on melting
temperature (Tm) and, therefore, repeated design and
[82]
testing are needed to develop an effective probe .
Available evidence suggests that the use of TaqMan
probes in qPCR assays for hepatitis viruses provide a
good balancing act.

Information for Publication of qPCR Experiments
(MIQE) guidelines also provide clear instructions on
[91]
the steps that are important for qPCR assay design .
Several research companies offer help for designing
primers and probes with use of their designing tools.
The studies reported in this article demonstrate a
liberal use of tools without any specific need or choice
affecting the results.

Designing tools

Instruments used in multiplex qPCR assay

Various types of advanced technology-based equip
ment for multiplex qPCR assays with analysis of
amplified products are available globally. A list of the
instruments used with their brands in various studies
conducted on qPCR for viral hepatitis is shown in
Table 3. With increasing advances in technology, the
number of filters and, accordingly, the resolution of
the amplification curve during the PCR assay have also
increased. Now it is possible to detect/discriminate
[92,93]
more pathogens or allelic/mutational changes
in a

Today, several designing tools are available to guide
the design of qPCR assays and analyze resulting
quantitative data. Many of them are available online,
and some are provided with qPCR instruments from
[83]
different manufacturers . Some important tools
include Primer3, Primer-BLAST, PerlPrimer, FastPCR
[84-89]
software, IDTSciTools, and UniPrime
. In addition,
some of them have programming to analyze the secon
dary structure of primers. MP primer is used to design
[90]
primers for multiplex PCR assays . The Minimum
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Table 3 Global status of multiplex qPCR developed for hepatitis viral infections with and without other pathogens
No.

Assay systems

Instruments used

Group of pathogens detected

Ref.

HIV type-1, T.
pallidum
-

TaqMan-LNA probe

[21]

N.A.
TaqMan Array card

[41]
[42]

-

TaqMan probe
Hydrolysis probe

[43]
[22]

Norovirus genotypes 1
and 2
-

TaqMan probe

[44]

TaqMan probe
MLPA probe
N.A.
SYBR Green
TaqMan probe

[45]

FRET probe

[15]

HIV type-1

SYBR Green I

[8]

N.A.

[49]
[4]
[50]
[51]

Other pathogens

1

Multiplex real time PCR

Mx4000 (Stratagene)

HBV, HCV

2
3

Multiplex real time PCR
Real time PCR assay

4
5

Multiplex qPCR assay
Multiplex qPCR assay

HEV genotypes
HAV, HBV, HCV,
HDV, HEV
HBV, HDV
HAV, HEV

6

Multiplex qRT-PCR

Light cycler 480 (Roche)
ABI 7500
(Applied Biosystems)
Light cycler 480 (Roche)
ABI 7500
(Applied Biosystems)
N.A.

7

Rotor-GeneQ (Qiagen)

HBV mutants

8
9
10

Multiplex ligation dependent
probe real time PCR
Multiplex real time RT-PCR
Multiplex qPCR
Multiplex Real time PCR

N.A.
N.A.
N.A.

HEV genotypes
HBV genotypes
HAV

11

Multiplex Real time PCR

Light cycler 2.0 (Roche)

12

Multiplex RT-PCR

13

Multiplex qPCR

ABI 2720
(Applied Biosystems)
N.A.

HAV, HBV, HCV and
HEV
HCV

14
15
16

Multiplex Real-Time PCR
Assay
RT PCR assay
Duplex real time PCR

17
18
19
20

Multiplex RT PCR
Multiplex qPCR
Multiplex qPCR
Duplex real-time RT-PCR

21

Multiplex real time PCR

22

Duplex real-time qRT-PCR

23
24

Multiplex TaqMan RT-qPCR
system
Multiplex real time PCR

25
26
27

Real time PCR
Multiplex real time PCR
Multiplex RT PCR assay

28

Multiplex qPCR assay

29
30

Multiplex qPCR
Multiplex Real Time PCR

31

Microarray multiplex assay

32

Real time multiplex PCR

33
34
35

Multiplex real time RT-PCR
Real time multiplex PCR
Multiplex real-time RT PCR

36
37

Multiplex real-time qPCR
Automated multiplex PCR

HAV

HAV, HEV

Norovirus, Rotavirus,
Coxsackievirus
-

[46]
[47]
[48]

CFX96 (Bio-Rad)

HAV, HBV, HCV

Entero and Adenoviruses
-

Smart cycler Ⅱ (Cepheid)
ABI 7500
(Applied Biosystems)
N.A.
N.A.
N.A.
ABI Prism system
(Applied Biosystems)
N.A.

HBV, HCV
HBV variants

-

READ technology based
fluorophore
TaqMan probe
Hydrolysis probe

HCV subtyping
HBV genotypes
HCV
HCV variants

HIV type-1
-

Electrophoresis
N.A.
SYBR Green I
Hydrolysis probe

[52]
[53]
[54]
[55]

HAV

N.A.

[56]

MGB-TaqMan probe

[57]

ABI Prism 7000
(Applied Biosystems)
MX30005P (Stratagene)

HAV

Norovirus genotypes 1
and 2
MS2 bacteriophage

HEV

FCV

TaqMan probe

[58]

ABI 7300
(Applied Biosystems)
N.A.
Mx3005P (Stratagene)
ABI Prism 7500
(Applied Biosystems)
N.A.

HBV genotypes

-

TaqMan probe

[59]

HBV genotypes
HEV
HCV

FCV
PDV

TaqMan probe
TaqMan probe
MGB hybridization probe

[60]
[61]
[62]

HBV

N.A.

[63]

N.A.
ABI 7500
(Applied Biosystems)
ABI Prism 7700
(Applied Biosystems)
N.A.

HBV, HCV
HBV mutants

B19, HHV-8, EBV,
CMV, VZV
HIV type-1
-

[16]
[64]

HBV, HCV

HIV type-1

HAV

LightCycler (Roche)
icycler iQ (Bio-Rad)
ABI 7000
(Applied Biosystems)
Mx4000 (Stratagene)
ABI Prism 7700
(Applied Biosystems)

HCV
HCV variants
HCV genotypes

Entero and Adenoviruses
HIV type-1
-

SYBR Green I
LNA probes with SYBR
Green I
Oligonucleotide array
labeled with Cy5 and Cy3
Probes labeled with FAM,
R6G, ROX, Cy5
SYBR Green
TaqMan probes
Primer probes

HBV, HCV
HBV, HCV

HIV type-1
HIV type-1

TaqMan probes
TaqMan probes

[70]
[71]

single step multiplex assay. The choice of instrument
is more a function of availability, without much
difference in their analytical qualities. Multiplex qPCR
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Types of chemistries/
detection methods used

Hepatitis viruses

[65]
[66]
[67]
[68]
[69]

assays developed for hepatitis viruses may use any
brand, depending on a match between the number of
component pathogens to be detected and the filters
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available for detection. Other features of equipment do
not seem to affect the results.

ASSESSMENT OF SENSITIVITY AND
SPECIFICITY

Optimization of protocol

Generation of standard curve

For each pathogen used as a component in the
multiplex assay, a carefully developed singleplex assay
is needed. The design of primers and probes is dictated
purely by the nature of the target template and clear
guidelines for amplification. This exercise is followed
in order to prepare a record of common amplification
conditions noted in singleplex assays and for their
application as such in multiplex assays. The multiplex
protocol is reframed in a way to have minimum possible
deviations from the working protocol of the singleplex
assay. During the multiplex assay, the possibility of
cross interaction/interference among different molecules
is quite likely and may cause unsuccessful amplification.
This interaction may or may not occur, but it has to be
worked out cautiously in each multiplex assay.
There have been reports on singleplex as well as
multiplex assays developed for detection of some
[16]
hepatitis viruses and their genotypes (Table 3). Such
a study was conducted at our research center where
a multiplex assay was developed for simultaneous
[15]
detection of hepatitis virus A, B, C, and E . These
viruses are frequently prevalent in India, posing a
serious problem, causing incidences of both sporadic
[94,95]
and epidemic hepatitis from time to time
. The
use of singleplex followed by the development of
multiplex assay in these cases does not show many
changes in the experimental protocol. This implies that
the amplification protocol of individual viruses is not
influenced during multiplex assays. We noted a clear
amplification curve on the screen during multiplex
assay that was the same exact pattern noted during
[15]
singleplex assay .
Table 3 shows the global status of multiplex
assays used for analyzing hepatitis viruses with or
[41-71]
without other pathogens
. In all these assays, viral
amplification by the simultaneous presence of other
pathogenic genomes was indicated. An overall survey
of the experimental designs reported in multiplex
assays indicated that standard conditions of reverse
transcription, denaturation, annealing, and extension
temperature were followed without much deviation
from the singleplex protocol.

MIQE guidelines

In order to generate a standard curve for each
hepatitis virus, the standard control that includes the
conserved region targeted for amplification/ detection
is synthesized artificially and cloned into a suitable
[15]
vector (e.g., pUC 57)
using cloning kits. These
standards are used as a template for standardization of
amplifications. The copy number of standard plasmids
is calculated using their concentration and the size of
linearized plasmids. Each standard template is added
to PCR mix (Tris-HCl, KCl, MgCl2, four dNTPs, primers,
and Taq DNA polymerase in a suitable concentration
ratio), and PCR is performed under standardized
conditions. For generation of the standard curve, a
1
8
10-fold serial dilution of each standard plasmid (10 -10
copies/μL) is prepared and run in triplicate. At the
end, data are analyzed by an automatic system that
[21]
generates a standard curve . The standard curves
are used to quantify the amplification product and to
assess the linear dynamic range using 10-fold dilution
series of standard plasmid of each individual virus. One
specimen standard plot is shown in Figure 1, which
was prepared during development of quadruplex qPCR
for hepatitis virus A, B, C, and E. Such plots are used
to calculate copy number of individual template using
correlation coefficient and Y-intercept value based on
regression analysis.
Standard curve showing amplification plots of
10-fold serial dilution of HAV template using standard
cloned plasmids. Such standard curves are generated
from the amplification plots run in triplicate and show
a linear dynamic range. The correlation coefficient
and the slope of each standard plot are shown in the
figure.

Assessment of sensitivity

Using the standard curve prepared above, now it is
possible to assess the sensitivity and determine the
linear dynamic range of an individual virus. Moreover,
observed Ct values may be used to calculate the exact
[96,97]
copy number of virus in an unknown specimen
.
Based on the data collected from various studies,
[15]
including our study , it has been noticed that the
linear dynamic range of each individual hepatitis virus
1
8
usually falls in the range 10 -10 copies/μL.

[91]

The guidelines published by Bustin et al
in 2009
clearly defined the terms used and steps necessary
to design the experiments for developing qPCR assay.
Since 2009, many published reports in the area of viral
hepatitis on multiplex qPCR were found to follow these
guidelines and give interpretation of results referring
to terminology and definitions outlined there. The
guidelines state that multiplexing expands power of
qPCR analysis but needs documentation for accurate
quantification of multiple targets in a single tube assay.
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Assessment of specificity

The specificity of qPCR assay is assessed by evaluating
sera from healthy controls and patients with unrelated
diseases negative for hepatitis markers by serology
and all other NAT based techniques. Negative results
from these sera and clear positive signals from
serologically positive hepatitis sera demonstrate the
high level of specificity of qPCR. To date, all studies
[15,22]
on qPCR demonstrate the assay to be specific
. In
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Figure 1 Standard curve showing amplification of hepatitis A virus[15]. HAV: Hepatitis A virus.

reports on viral hepatitis, qPCR assays demonstrated
high specificity with a very low chance of false positive
[19,71]
results
.

seen to be beneficial in terms of time and overall
cost involved. Moreover, multiplex assays, when
used for quantification of HCV- RNA, were found to
resolve many problems with real time monitoring
of the amplification process. In fact, in multiplex
qPCR assays, real time PCR makes quantification of
DNA and RNA of different organism more precisely
and with better reproducibility because it depends
on the threshold cycle value determined during
the exponential phase of PCR rather than on end
[103]
points
. In addition, these assays report a direct
relationship between starting template copy number
and the number of cycles required to get a positive
signal. In this manner, real time qPCR appears to be a
good option for laboratory diagnosis of viral hepatitis,
both for screening as well as for the final diagnosis of
suspected cases of viral hepatitis infections.

MULTIPLEX qPCR IN RELATION TO
OTHER ASSAYS
The multiplex qPCR assays were developed and used
both for comparison as well as in combination with
other molecular technologies to improve the sensitivity
[16,98]
for detection of the viral genome
. Various other
assay systems were also developed for simultaneous
detection of HBV, HCV, and human immunodeficiency
virus in addition to multiplex qPCR. The status of
multiplex qPCR assay was assessed in comparison
to other molecular techniques used for detection and
genotyping of viruses, including hepatitis viruses.
The other assay systems included flowcytometric
[99]
microsphere based hybridization assay , tran
[100]
scription-mediated amplification (TMA) , and nucleic
[101]
acid sequence based amplification (NASBA)
.
Comparatively, TMA was reported to be an equally
sensitive technique. However, when comparing qPCR
with NASBA and TMA for the detection of hepatitis
viruses, the level of sensitivity of TMA was found to
[100]
be associated closely with qPCR
. Of course, qPCR
assay was reported to be faster, more economic,
and easier to perform compared to all other assays
evaluated.

CONCLUSION
Based on the information compiled in the present
review, there is an increasing trend/interest in the
diagnostic area towards the development and use of
multiplex qPCR assay for the simultaneous detection
of hepatitis viruses or their subtypes in sera samples.
Several studies have been conducted in last few years
that clearly demonstrate the preferable use of qPCR
over other techniques in the area of viral hepatitis.
This technique has been used to detect hepatitis
viruses in combination with various other viral and
non-viral pathogens and reported to be a sensitive,
fast, and cost-effective technique compared to other
multi-step assay procedures. The use of multiplex
qPCR in genotyping of hepatitis viral subtypes also
provides great help in serotype detection. To date,
multiplex qPCR has been successfully employed for
the simultaneous detection of hepatitis virus A, B, C,
D, and E and genotyping of their strains. It appears to
be a good tool for screening blood donor samples in
blood banks for hepatitis viruses. Moreover, a single
step multiplex qPCR assay allows for an early diagnosis

FUTURE AND LIMITATIONS OF
MULTIPLEX qPCR
Multiplex qPCR assays are proving to be very good
analytical and diagnostic procedures in medicine.
Recently, these assays have been successfully used
[42,102]
for both basic research and clinical applications
.
Although the practice of doing separate assays for
separate pathogens, including hepatitis viral markers,
are still in place, the use of the multiplex assay is
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and timely treatment of patients with viral hepatitis.
Several studies in this field are in progress, with more
important information likely to be available until the
next such update is necessary.
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REVIEW

Advanced imaging techniques in the therapeutic response
of transarterial chemoembolization for hepatocellular
carcinoma
Ke Yang, Xiao-Ming Zhang, Lin Yang, Hao Xu, Juan Peng

Abstract

Ke Yang, Xiao-Ming Zhang, Lin Yang, Hao Xu, Juan Peng,
Sichuan Key Laboratory of Medical Imaging, Department of
Radiology, Affiliated Hospital of North Sichuan Medical College,
Nanchong 637000, Sichuan Province, China

Hepatocellular carcinoma (HCC) is one of the major
causes of morbidity and mortality in patients with
chronic liver disease. Transarterial chemoembolization
(TACE) can significantly improve the survival rate of
patients with HCC and is the first treatment choice for
patients who are not suitable for surgical resections.
The evaluation of the response to TACE treatment
affects not only the assessment of the therapy efficacy
but also the development of the next step in the
treatment plan. The use of imaging to examine changes
in tumor volume to assess the response of solid
tumors to treatment has been controversial. In recent
years, the emergence of new imaging technology has
made it possible to observe the response of tumors to
treatment prior to any morphological changes. In this
article, the advances in studies reporting the use of
computed tomography perfusion imaging, diffusionweighted magnetic resonance imaging (MRI), intravoxel
incoherent motion, diffusion kurtosis imaging, magnetic
resonance spectroscopy, magnetic resonance perfusionweighted imaging, blood oxygen level-dependent
MRI, positron emission tomography (PET)/computed
tomography and PET/MRI to assess the TACE treatment
response are reviewed.
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Study of the Liver consider the treatment factors
leading to tumor necrosis and define the lesions that
uptake a contrasting agent in the arterial phase as the
[11]
surviving tumor after treatment . In recent years,
the emergence of new imaging technologies has
made it possible to observe the response of tumors
to treatment prior to any morphological changes.
In this article, studies reporting advances in the use
of computed tomography perfusion imaging (CTPI),
diffusion-weighted magnetic resonance imaging (DWI),
intravoxel incoherent motion (IVIM), diffusion kurtosis
imaging (DKI), magnetic resonance spectroscopy
(MRS), magnetic resonance perfusion-weighted
imaging (MR PWI), blood oxygen level-dependent
magnetic resonance imaging (BOLD MRI), positron
emission tomography/computed tomography (PET/
CT) and PET/MRI to assess the response to TACE
treatment are reviewed.

Core tip: Imaging studies play an important role in
the evaluation of the response to transarterial chemo
embolization treatment. The use of imaging to examine
changes in tumor size to assess the response of solid
tumors to treatment has been controversial. In recent
years, the emergence of new imaging technologies has
made it possible to observe the response of tumors
to treatment prior to any morphological changes. In
this article, we present a summary of the most recent
information on the role of imaging in assessing the
treatment response in hepatocellular carcinomas.
Yang K, Zhang XM, Yang L, Xu H, Peng J. Advanced
imaging techniques in the therapeutic response of transarterial
chemoembolization for hepatocellular carcinoma. World J
Gastroenterol 2016; 22(20): 4835-4847 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i20/4835.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i20.4835

COMPUTED TOMOGRAPHY PERFUSION
IMAGING

INTRODUCTION

Lipiodol is an ideal embolic agent commonly used in
TACE treatment for HCC, and studies have shown that
the deposition of lipiodol in the lesions is correlated
[12]
with antitumor effects . Conventional CT scanning
has been widely used in the evaluation and followup of the efficacy of TACE treatment for HCC. Though
CT can be used to visualize the distribution of lipiodol
within the lesions, the high density deposition of
lipiodol in tumor tissue can significantly affect the
judgment of the viability of the tumor by CT.
CTPI not only clearly shows anatomy of the liver
but also reflects changes in liver hemodynamics by
allowing the quantitative analysis of blood perfusion
in the liver tissue. CTPI performs continuous dynamic
scans on selected slices while a contrast agent is
intravenously injected, resulting in a curve that reflects
the density changes of each pixel within the slice over
time (time-density curve). A variety of mathematical
models are then used to calculate the various perfusion
parameters of the tissues and organs to evaluate
[13-16]
the blood perfusion status
(Figure 1). The main
parameters measured by CTPI include hepatic arterial
perfusion (HAP), hepatic portal perfusion (HPP), total
liver perfusion (TLP), hepatic arterial perfusion index
(HAPI), hepatic portal perfusion index (HPPI), blood
volume (BV) and mean transit time (MTT). Early CTPI
scans used a single-slice continuous dynamic scan
mode, but with progress in the development of multislice CT and software technology, CTPI has advanced
from single-slice perfusion scans to multi-slice and
same slice dynamic CT perfusion scans. Currently,
spiral CT involving 64 or more slices can be used to
conduct full-size liver perfusion scans with greatly
improved temporal and spatial resolutions, which
allows for the acquisition of more comprehensive
hemodynamic information in a single scan. Moreover,

Hepatocellular carcinoma (HCC) is one of the major
causes of morbidity and mortality in patients with
chronic liver disease. Due to the undetected onset
of liver cancer, the majority of patients receiving
treatment are already in the advanced stage and
are no longer candidates for surgical resection. Trans
arterial chemoembolization (TACE) involves the local
infusion of a mixture of chemotherapeutic agents,
blocks the blood supply to cancerous lesions and
induces ischemia and necrosis in the tumor tissue,
thereby significantly improving the survival rate of
[1-4]
patients with liver cancer . Currently, TACE has been
recommended as the standard treatment for patients
with stage B (Barcelona Clinic Liver Cancer staging)
[5,6]
HCC . The assessment of the response of HCC to
TACE treatment affects not only the evaluation of the
therapeutic efficacy but also the development of the
next step in the treatment plan, including the time
[7]
and frequency of repeated chemoembolization . The
previous World Health Organization and Response
Evaluation Criteria in Solid Tumors criteria for eva
luating the response of solid tumors to treatment
[8]
depended on the measurement of tumor size . The
use of conventional imaging techniques to examine
changes in tumor size to assess the response of
solid tumors to treatment has been controversial, as
many HCC treatments act by inducing tumor necrosis
or by reducing vascularity, which is not necessarily
accompanied by tumor shrinkage even when response
occurs; notably, some tumors clearly respond to
[9,10]
treatment but show no remarkable changes in size
.
In recent years, the assessment of tumor viability
has attracted increasing attention. The modified
Response Evaluation Criteria in Solid Tumors criteria
recommended by the European Association for the
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Figure 1 Seventy-year-old male patient with hepatocellular carcinoma. Axial perfusion images of the tumor before transarterial chemoembolization were created
by maximum slope method. The tumor showed an increased hepatic arterial perfusion and decreased hepatic portal perfusion compared with the normal parenchyma.
The values of hepatic arterial perfusion, hepatic portal perfusion, total liver perfusion and hepatic arterial perfusion index were 0.512 mL/min.mL, 0.226 mL/min.mL,
0.738 mL/min.mL and 69.4%, respectively. A: Image of hepatic arterial perfusion; B: Image of hepatic portal perfusion; C: Image of total liver perfusion; D: Image of
hepatic arterial perfusion index.

lesions distant from the hilum can also be measured
using CTPI, which has further promoted the clinical
[17-19]
application of this technique
.
The blood supply to HCC is one of the main factors
[20]
affecting the efficacy of TACE treatment . Increased
blood supply to the HCC is associated with greater
lipiodol accumulation after TACE treatment, whereas
reduced blood supply to the HCC results in rather small
[21]
amounts of lipiodol deposition in the treated lesions .
Many investigators have examined the effectiveness
of CTPI in evaluating the response of HCC to TACE
treatment, suggesting that CT perfusion imaging can
accurately measure blood perfusion to the tumor and
thus could be used to evaluate the response to TACE
[22-27]
[22]
therapy
. Chen et al assessed the changes in the
CT perfusion parameters pre- and post-TACE in thirtynine HCC patients in different treatment response
groups. In the partial response (PR) treatment
response group, the HAP, hepatic arterial fracture (HAF)
and hepatic blood volume (HBV) of viable tumors postTACE were reduced compared with their pre-TACE
values. In the stable disease (SD) group, however,
none of the CT perfusion parameters were significantly
different pre- and post-TACE. In the progressive
disease (PD) group, the post-TACE values for HAP,
HAF, portal vein perfusion (PVP) and hepatic blood flow
(HBF) of viable tumors were significantly increased
compared to the pre-TACE values. These results
indicated that changes in the CT perfusion parameters
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of viable tumors are correlated with responses of
HCC to TACE, which can be feasibly monitored using
[23]
CTPI. Reiner et al studied sixteen patients with HCC
who received CT liver perfusion during the treatment
planning stage prior to transarterial radioembolization
with Yttrium-90 (90Y) microspheres. The results
showed that when responders were compared to
th
th
non-responders, the 50 and 75 percentiles of
arterial perfusion were significantly different and
that the response to therapy could be predicted with
a sensitivity of 88% and specificity of 75%. Our
[9,21]
own studies
have shown that the CT perfusion
parameters of HCC (HAP, TLP and HAPI) significantly
[9]
decreased after TACE treatment and that the
blood perfusion parameters of the HCC lesions were
correlated with post-TACE lipiodol deposition. Moreover,
increased amounts of blood perfusion were associated
with the increased deposition of lipiodol, and vice
[21]
versa . On the CT perfusion images, the areas with
densely deposited lipiodol in the residual lesions in
cases with complete or partial response (PR) displayed
[9]
the complete absence of blood perfusion .
These results show that CTPI can be used to
accurately measure the changes in perfusion para
meters after TACE treatment for HCC and to evaluate
the response to TACE therapy prior to changes in tumor
size. CTPI can also be used to predict the efficacy
of TACE therapy for HCC, to help select appropriate
patients for TACE therapy and to develop individualized
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treatment programs.
C-arm CT has emerged in recent years and can
quantitatively measure the blood volume (BV) changes
in tumor tissues. This technique has dramatically
increased the convenience of assessing the response
[28-30]
[30]
to TACE therapy
. Peynircioğlu et al
performed
radioembolization (n = 21) or TACE (n = 13)
treatment on thirty-four patients with HCC and used
C-arm CT to measure the tumor BV before and after
treatment. These cases were compared to ten cases
in which perfusion imaging was performed using
multidetector computed tomography (MDCT). The
results showed that the mean BV of fourteen tumor
lesions in the ten MDCT perfusion patients was highly
correlated with the BV values obtained with C-arm
CT. After treatment with TACE or radioembolization,
the BV values decreased significantly, suggesting that
the quantitative BV measurements obtained using
C-arm CT are well-correlated with those obtained
using MDCT; thus, C-arm CT is a promising tool for
monitoring perfusion changes during hepatic arterial
embolization. Currently, C-arm CT is mainly used to
measure BV, but with the further development of this
method, additional parameters can be used in the
evaluation of TACE in the clinical treatment of HCC.
The main shortcoming of CTPI is that perfusion CT
studies increase radiation exposure. In the future, with
improvements to the equipment and technology, the
radiation dose will be reduced.

ever, the ADC value does not increase or decrease.
[44]
Bonekamp
used TACE therapy to treat seventyone HCC lesions in forty-eight patients and performed
MRI scans before the TACE treatment and one and six
months after the treatment to monitor the ADC and
venous enhancement (VE) as the tumor changed in
size. The results demonstrated that thirty HCC lesions
showed PR, thirty-five showed SD, and six showed PD
6 mo after TACE. Increase in ADC and decrease in VE
1 mo after TACE were significantly different between
[45]
PR, SD, and PD. Yu et al
used enhanced MRI and
DWI scans in twenty-three patients with liver cancer
who had received TACE treatment, finding a total of
twenty-three recurrent nodules in sixteen cases; the
overall sensitivity in DWI was increased from 85.0%
to 92.0%, though the specificity was decreased
from 65.0% to 50.0%. The pre-TACE tumor ADC
can be used to predict the response of HCC to TACE
[47]
treatment. Mannelli et al
conducted DWI scans
on thirty-six patients receiving TACE treatment for
HCC and found that HCCs with poor and incomplete
responses to TACE had significantly lower pretreatment values of ADC and lower post-TACE values
of ADC compared to HCCs with good or complete
responses.
The shortcomings of DWI include EPI-related
artifacts, such as deformation artifacts. Moreover,
the ADC values of benign and malignant nodules in
the liver overlap to some extent, and discriminating
between these values requires a combination of
medical history and other test results. Many factors
that influence the ADC value, including the MR device,
scan parameters (TR and TE), the b-value and the
ROI, should be investigated in the future.

Diffusion-weighted MRI
DWI is currently the only non-invasive imaging
technique that can detect the free diffusion motion
(Brownian motion) of water molecules in living tissue.
Detecting the free diffusion motion of water molecules
in the human body enables magnetic resonance at the
molecular level. DWI not only reflects the dispersion
characteristics of various tissues but also enables
quantitative analyses of the microscopic structures and
functional changes of tissues and organs. Though DWI
has mainly been used in studies of central nervous
[31-33]
system diseases
, this technique is increasingly
[34-42]
being applied to abdominal examinations
. At
present, the commonly used single-time spin echoecho planar imaging (SE-EPI) can image in rapid
sequence and only takes 20-30 s to complete a liver
[43]
scan , prompting the application of SE-EPI in the
diagnosis and treatment of liver diseases.
DWI enables quantitative analyses by measuring
the apparent diffusion coefficient (ADC) value.
Thus, this technique can be used in assessing the
[44-47]
effectiveness of TACE treatment for HCC
. After
TACE therapy for HCC, the tumor cells undergo
necrosis and decrease in number, the gaps bet
ween cells enlarge, and structures such as the cell
membranes are damaged or dissolved, leading to
enhanced water diffusion capacity and an increased
ADC value. When the tumor survives or recurs, how
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INTRAVOXEL INCOHERENT MOTION MR
IMAGING
During DWI imaging, the b-value (a gradient factor)
determines the sensitivity of the diffusion motion of
water molecules in the tissue under analysis while
affecting the accuracy of the ADC value. A low b-value
enables the acquisition of images with a high SNR but
lowers the sensitivity to the diffusion motion, resulting
in a higher impact exerted by the blood perfusion
on the DWI imaging. Under a high b-value, blood
perfusion only has a small impact on DWI imaging, but
the tissue contrast is decreased, leading to poor image
[35,48-50]
quality
.
IVIM, a multi-b-value diffusion-weighted imaging
approach based on the principle of DWI, uses quan
titative indicators to show the molecular diffusion
and microperfusion of the local capillary network in
lesions. The commonly used parameters include the
true molecular-diffusion coefficient (D), the perfusionrelated diffusion coefficient (D*) and the perfusion
fraction (f). Compared with DWI, IVIM better reveals
the diffusion effect of water molecules within a lesion
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Figure 2 Fifty-three-year-old female patient with hepatocellular carcinoma in the right lobe of the liver. A: Axial T1-weighted image shows a hypointense mass
lesion; B: Axial T2-weighted image shows a hyperintense mass lesion; C: Contrast-enhanced MRI during the arterial phase showing lesion enhancement; D: Mapping
of the estimated value of the D parameter. The average value in the lesion ROI was D = 1.22 × 10-3 mm2/s; E: Mapping of the estimated value of the D* parameter.
The average value in the lesion ROI was D* = 20.6 × 10-3 mm2/s; F: Mapping of the perfusion fraction (f) with a value of 19.6%.

and is thus more conducive to making judgments
[51-55]
regarding the nature of liver lesions
. Watanabe
[51]
et al
performed IVIM imaging on a total of 120
liver lesions (including 34 metastases, 32 HCC, 33
hemangiomas and 21 liver cysts) in seventy-four
patients and showed that the mean D and ADC
values of the benign lesions were greater than those
of malignant lesions. The area under the ROC curve
for the ADC values was significantly greater than that
for the D values, which enabled the differentiation
between benign and malignant lesions. When an ADC
cut-off value of 1.40 was applied, the sensitivity and
specificity for the detection of malignant lesions were
89% and 98%, respectively. Other studies have shown
[52-55]
similar results
(Figure 2).
The applications of IVIM in cancer treatment
evaluation have mainly focused on radiotherapy or
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chemotherapy in head and neck cancers and in breast
[56-67]
cancer
. In recent years, some investigators
have applied IVIM in the anti-angiogenesis therapy
of liver cancer (including metastatic liver cancer) or
[68-73]
[71]
radiofrequency ablation therapy
. Guo et al
investigated the use of IVIM-DWI to monitor the
responses of VX2 tumors to radiofrequency ablation
(RF Ablation) therapy in 10 VX2 tumor-bearing
rabbits, showing that the IVIM-DWI derived f, D and
D* parameters have the potential to indicate the
response to therapy immediately after the RF ablation
[72]
treatment. Shirota et al
evaluated the association
between the therapeutic outcomes of sorafenib for
advanced HCC and the parameters of IVIM. Though
the true diffusion coefficient (DC) of responders at
baseline was significantly higher than that of the nonresponders, no significant differences were found in the
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other parameters between these two groups. These
results indicated that the DC before treatment may
be a useful parameter for predicting the therapeutic
outcome of using sorafenib to treat advanced HCC.
The use of IVIM to assess the response to TACE
treatment in liver cancer has rarely been reported.
[74]
Park et al
performed IVIM-DWI and Gd-EOB-DTPAenhanced MRI scans before TACE therapy in fortyfour cases of HCC and conducted CT scans after the
TACE treatment. The patients were divided into two
groups, the lipiodol good uptake (LGU) group and the
lipiodol poor uptake (LPU) group, based on lipiodol
deposition, and the results showed that both the
arterial enhancement ratio derived from the contrast
enhanced MRI and the D* values derived from IVIMDWI were significantly higher in the LGU group than in
the LPU group, indicating that the parameters of IVIM
could help to predict lipiodol uptake.

MAGNETIC RESONANCE
SPECTROSCOPY
Based on chemical shift effects and MRI principles,
MRS uses a Fourier transform to process free induction
decay signals to convert them into spectra with
distributed frequencies. The areas under different
metabolic peaks along the MRS frequency axis reflect
the different concentrations of different compounds
and can be quantitatively measured and analyzed.
Thus, MRS not only truly reflects the molecular and
chemical compositions of a tissue but also indirectly
[87]
depicts the metabolism in the tissue .
The commonly used nuclei in MRS measurements
of the liver are mainly ³¹P and ¹H. By using ¹H-MRS
to determine the amounts and ratios of choline and
its derivatives after TACE treatment for liver cancer, it
is possible to know whether HCC survives or relapses
after TACE therapy. Studies have shown significant
decreases in the choline/lipid values and the absolute
value of choline complexes after TACE treatment for
[88]
liver cancer. Kuo et al investigated the use of proton
MRS to assess hepatic lesions in vivo and the use of a
3.0-T scanner to measure the changes in metabolites
related to HCC after TACE treatment. Their study
included forty-three consecutive patients with hepatic
tumors. Among the patients with proven HCC, eight
lesions were evaluated before TACE and two to five
days after TACE. A significant difference was achieved
in the mean choline/lipid ratio between the malignant
and benign tumors, and the mean choline/lipid ratios
[89]
were significantly decreased after TACE. Wu et al
also reached similar conclusions. Taken together, those
studies indicated that MRS has the potential for use in
the detection of early metabolite changes in HCC after
[90-92]
TACE
.
The shortcomings of MRS mainly include its rather
low sensitivity and specificity in differentiating between
small nodules in the liver.

DIFFUSION KURTOSIS IMAGING
The theoretical basis of the DWI and IVIM technologies
is that the diffusion of water molecules in vivo assumes
a normal distribution. In fact, due to the differences
in structures and functions of local tissues and cells,
the diffusion of water molecules in vivo is often a nonnormal distribution. DKI is based on the non-normal
distribution diffusion of water molecules in vivo, and
the parameters of DKI measurements include the S, K
and D values. DKI is still largely in the research phase,
but this technique is being explored in wider clinical
studies primarily focused on central nervous system
[75-83]
diseases
. It is encouraging that some investigators
have recently begun to use DKI in experiments to
investigate its applications in liver diseases both in
[84]
vitro and in vivo. Rosenkrantz et al
performed DKI
and DWI scans on in vitro samples from twelve HCC
cases and showed that the DKI model may provide
additional value in characterizing HCC compared to
a standard monoexponential model of DWI. Filli et
[85]
al
also found that whole-body DKI is technically
feasible and may reflect the tissue microstructure
more meaningfully than whole-body DWI. Goshima et
[86]
al
studied sixty-two consecutive patients with HCC
to compare the use of DKI and conventional DWI in
assessing the response to treatment. They found that
compared to the non-viable group, the mean kurtosis
(MK) value and mean ADC value in the viable group
were significantly higher and lower, respectively. The
sensitivity, specificity and AUC of the ROC curve for
the assessment of HCC viability were greater using MK
compared to ADC. These results indicated that DKI
can be a new option for assessing the post-therapeutic
response in HCC.
The results described above indicate that in the near
future, DKI will play an important role in evaluating the
response of liver cancer to TACE treatment.
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MAGNETIC RESONANCE PERFUSIONWEIGHTED IMAGING
MR PWI is an MRI technology that can reflect the
microvascular distribution and blood perfusion in
tissues. In MR PWI, a contrast agent is intravenously
injected to increase the magnetic sensitivity of local
capillaries and induce local magnetic field changes,
leading to reduced signals derived from shortened
transverse relaxation time by proton spin dephasing in
tissues. The fast scanning imaging sequence generates
a series of dynamic images; based on these images,
the changes in signal intensity of the contrast agent
when passing the hepatic parenchyma over time
are used to generate the time-intensity curve (TIC),
and semi-quantitative parameters such as maximal
enhancement (MaxEn), initial enhancement rate (ER)
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and initial area under the curve are calculated to
indirectly reflect the vascularity and perfusion in the
[93]
tumor . Quantitative indicators calculated using the
[94,95]
Tofts model include K (trans), k (ep) and v (e)
.
The commonly used PWI sequences include enhanced
spin labeling MRI (arterial spin labeling, ASL), T2*weighted contrast-enhanced dynamic magnetic
susceptibility MRI (dynamic susceptibility contrast,
DSC) and T1-weighted dynamic contrast-enhanced
MRI (dynamic contrast enhancement, DCE). ASLMRI and DSC-MRI have been mostly used in PWI
studies of the brain, whereas the DCE-MRI sequence
has been frequently used in PWI studies of the
[93]
liver . PWI is a new technology that can improve the
sensitivity and specificity of liver disease diagnoses.
With its high temporal and spatial resolutions, PWI
can directly reflect the blood perfusion of the subject
tissue and indirectly reflect the tissue’s microvascular
distribution. This technique better displays the lesions
and tremendously helps facilitate the analysis of the
disease, the identification of benign and malignant
lesions and the assessment of the response to TACE
[96-102]
[96]
treatment
. Xu et al
investigated the value
of perfusion-weighted MRI in the evaluation of the
intranodular hemodynamic characteristics of dysplastic
nodules (DNs) and HCCs in an experimental rat model.
A total of 40 rats with chemically induced DNs and
HCCs were investigated. Time to peak (Tp), maximal
relative signal enhancement (REmax) and the initial
slope of the signal intensity (SI) vs the time curves of
the nodules and cirrhotic liver tissues were evaluated.
The nodules that precisely corresponded to the MRI
were examined histologically, and the results showed
that HCCs had a significantly higher REmax, a shorter
Tp and a higher slope than the adjacent cirrhotic
liver. The REmax and slope of DNs were significantly
lower than the adjacent cirrhotic liver parenchyma.
[97]
Chen et al
performed MR PWI scans in thirty-five
cases of HCC 24-48 h before and 48-168 h after
TACE treatment, finding that in thirty-four of the HCC
patients, the time-signal intensity curve (TSC) before
TACE quickly decreased and then slowly increased
in the tumor region of interest. After TACE, the
fluctuating range of the TSC was significantly reduced
in thirty-one patients, slightly reduced in three and not
significantly changed in one. These results show that
MR PWI is highly useful in the clinical evaluation of the
efficacy of TACE in treating HCC.
Compared with CTPI, MR PWI has a higher tem
poral resolution, requires a smaller dose of contrast
agent and poses no risk of radiation injury. However,
this spectroscopic imaging technique requires more
specialized equipment, has a longer imaging time and
is thus more affected by environmental factors (e.g.,
respiratory motion and the shifts caused by respiratory
motion of the target lesions, etc.). Moreover, the
heavy load on data processing has limited the clinical
application and promotion of PWI.
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BLOOD OXYGEN LEVEL DEPENDENT MRI
[103]

Ogawa et al
believed that paramagnetic deoxy
hemoglobin could be used as a natural contrast agent
in MRI scans and that deoxyhemoglobin might have
contrast effects that could be observed using a gradient
echo sequence in high-magnetic field. Based on these
effects, these authors investigated whether determining
the microvascular blood oxygen content could be used
to reflect the dynamics and pathophysiology of blood
[103,104]
flow in organs and tissues
. In vivo, paramagnetic
deoxyhemoglobin forms a small magnetic field and
a magnetic field gradient in its surroundings, causing
heterogeneity in the magnetic field within the local
tissue and shortening the T2*-weighted signal. The
blood oxyhemoglobin and deoxyhemoglobin have
opposite magnetic properties, and when the blood
flow in the local tissue and the relative amount of
oxygenated hemoglobin increase, the T2*-shortening
effect of deoxygenated hemoglobin weakens, causing
elongated local T2*, and vice versa. Because the
value of the transverse relaxation rate (R2*) and
the deoxyhemoglobin concentration in the tissue are
correlated, in practice, the R2* value is used as an
indicator for the quantitative evaluation of changes in
the oxygen content in the local tissue.
The BOLD MRI technique, which has been
successfully applied in studies of the central nervous
[105-112]
system and urogenital system
, is still in the
exploratory stage for the diagnosis and treatment
[113]
of liver cancer. Choi et al
studied the feasibility of
using carbogen-challenge BOLD MRI to assess the
early response of liver tumors to chemoembolization
in a rat hepatoma model. Their results demonstrated
that there was a significant difference between the
pre-chemoembolization and post-chemoembolization
percentages by which the R2* values of the tumors
[114]
changed. Zhang et al
evaluated the feasibility
of performing carbogen gas-challenge BOLD MRI
measurements in patients with HCC and found that in
two cases, the R2* values were significantly decreased
one day after TACE. These findings indicated the
feasibility of using BOLD MRI to evaluate the response
of liver cancer to TACE treatment.
The shortcomings of BOLD MRI are that the
technology is susceptible to influences of plasma
proteins, molecular diffusion, pH, temperature, pixels,
blood flow and vascular course. The iron stored in
the liver may also affect the results. Plotting the ROI
and analyzing the R2* value are susceptible to the
influences of factors such as partial volume effects,
blood vessels, necrosis, and bleeding. In future
research, BOLD MRI technology will play an important
role in evaluating the use of TACE to treat liver cancer.

PET/CT AND PET/MRI
PET/CT can reveal the metabolic information of
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within 66 h of treatment and had follow-up imaging
available. The results showed that the average dose
could be used to predict the responses of responders
and non-responders for all lesion types. PET/MRI of the
90Y microsphere distribution in patients with colorectal
metastases showed significantly higher dose volume
histograms (DVHs) values for responders than nonresponders. A DVH analysis of the 90Y microsphere
distribution following treatment may be an important
predictor of response and could be used to guide
future adaptive therapy trials. With the development
of PET/MRI, this technology will provide more useful
information for the evaluation of interventional liver
cancer treatments.

tumor tissues at the molecular level and can be used
to diagnose malignant cancer with high sensitivity
and specificity. Fluoro-deoxy-glucose (18F-FDG) is a
glucose analogue that can reflect glucose metabolism
in the tissue. Because changes in tissue metabolism
always precede changes in tissue structure, PET/
CT can be used to assess the early response after
TACE treatment and to show residual, recurring and
metastasized lesions by quantitatively analyzing the
changes in the standardized uptake value (SUV) of the
[115-120]
HCC lesions before and after TACE treatment
.
[115]
Kim et al
performed PET/CT and enhanced CT
scans on thirty-eight liver cancer lesions in thirtysix patients after TACE therapy and found that for
the viable residual lesions, the diagnostic sensitivities
of PET/CT and contrast-enhanced CT in the early
postembolic period were 100% and 94%, respectively;
in the late postembolic period, these values were
93% and 79%, respectively. When the multiphasic CT
was normal, the 18F-FDG PET/CT could clearly reveal
intrahepatic tumor recurrence and/or extrahepatic
metastases in patients with elevated AFP after TACE
[119,120]
treatment for HCC
.
Due to the high cost of PET/CT examination and
the high radiation dose, this method is not suitable for
use in the routine evaluation of TACE treatment.
PET/MRI combines the advantages of PET and MRI.
This method not only provides a better soft tissue
contrast than PET/CT, thus providing richer information
on molecular function and form, but also overcomes
the body damage caused by CT irradiation during a
PET/CT examination and the false positives found in
PET/CT images. Although PET/MRI is a very recent
technology, preliminary studies have already shown
that PET/MRI has a great potential for applications
in the nervous system, cardiovascular system and
[121-125]
[126]
neoplastic diseases
. Yu et al
reported that
the additional value of functional MRI techniques
in combination with PET must be considered; MR
DWI, for example, has been demonstrated to sig
nificantly improve the detection of sub-centimeter
sized intrahepatic HCC metastases compared with
conventional liver MRI alone (84% vs 69%). Tsouana
[127]
et al
employed hybrid 18F-Fluroethyl-Choline (FEC)
PET)/MRI to evaluate the treatment response of four
cases of intracranial non-germinomatous germ cell
tumors, and the results showed that in two patients,
faint or absent choline avidity correlated with negative
histology, whereas in two other patients, persistent
choline avidity in the residual mass suggested the
presence of a viable tumor, which was subsequently
confirmed histologically.
Currently, the use of PET/MRI to evaluate inter
ventional treatment for HCC has been rarely reported.
[128]
Fowler et al
studied the relationship between dose
deposition measured by PET/MRI and the response
of individual lesions to radioembolization with 90Y
microspheres. Twenty-six patients undergoing lobar
treatment with 90Y microspheres underwent PET/MRI
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CONCLUSION
In recent years, emerging imaging techniques such
as new functional imaging have been effectively
used to evaluate the early response of HCC to TACE
treatment. Because different imaging techniques have
their own advantages and disadvantages, to detect
cancer lesions as early as possible and to provide
accurate information regarding the diagnosis, staging
and treatment evaluation, clinical applications should
combine multiple imaging techniques according to the
specific circumstances such that the advantages of
each technique can compensate for the shortcomings
of other techniques, thereby providing a comprehensive
[129,130]
evaluation of the lesion
. With the rapid deve
lopment of medical imaging, imaging technology will
play an increasingly important role in cancer diagnosis
and the evaluation of the treatment response.
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Abstract
AIM: To investigate killer inhibitory and activating
receptor expression by natural killer (NK), natural
killer T-like (NKT-like) and CD8+ T lymphocytes in
patients with chronic hepatitis C virus (HCV) infection
with elevated and with persistently normal alanine
aminotransferase (PNALT).

Institutional review board statement: Written informed
consent was obtained from all patients. The study protocol
conforms to ethical guidelines of 1975 Declaration of Helsinki.
Approval from the Regional Ethics Committee at the Medical
School, University of Pécs, was obtained.

METHODS: The percentage of peripheral blood Treg
cells, KIR2DL3, ILT-2, KIR3DL1, CD160, NKG2D,
NKG2C expressing NK, T and NKT-like cells, cytokine
production and NK cytotoxicity were determined by
flow cytometry. twenty-one patients with chronic
HCV infection with elevated alanine aminotransferase,
11 HCV carriers with persistently normal alanine
aminotransferase and 15 healthy volunteers were
enrolled.
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RESULTS: No significant differences were observed in
the percentage of total T, NK or NKT-like cells between
study groups. Comparing the activating and inhibitory
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receptor expression by NK cells obtained from HCV
carriers with PNALT and chronic HCV hepatitis patients
with elevated alanine aminotransferase, NKG2D
activating receptor expression was the only receptor
showing a significant difference. NKG2D expression
of NK cells was significantly lower in patients with
elevated alanine aminotransferase. The expression
of CD160, NKG2D and NKG2C activating receptor by
CD8+ T cells were significantly lower in patients with
chronic HCV hepatitis than in healthy controls and
in HCV carriers with PNALT. Plasma TGF-β1 levels
inversely correlated with NKG2D expression by NK cells.
In vitroTGF-β1 treatment inhibited NK cells cytotoxic
activity and downregulated NKG2D expression.
CD8+ T cells from HCV carriers with PNALT showed
significantly elevated expression of CD160, NKG2D
and NKG2C activating receptors compared to chronic
HCV patients with elevated alanine aminotransferase.
Enhanced expression of inhibitory KIR2DL3 receptor,
and decreased ILT-2 expression on NK cells were
also found in chronic hepatitis C patients compared to
healthy controls.

2016; 22(20): 4848-4859 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i20/4848.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i20.4848

INTRODUCTION
More than 170 million people worldwide are chronically
[1]
infected by hepatitis C virus (HCV) . Approximately
20% of HCV infected patients resolves acute hepatitis
and clears the virus, but most develop life-long
infection, making HCV a leading cause of chronic liver
[2]
disease, cirrhosis and hepatocellular carcinoma . No
[3]
vaccine is currently available to prevent hepatitis C .
The mechanisms favoring persistent infection are still
poorly understood.
Approximately 30% of patients with chronic HCV
(CHC) infection show persistently normal alanine
aminotransferase (ALT) levels and are considered CHC
[4]
carriers .
The host immune response to HCV involves both
innate and adaptive arms of the immune system.
Natural killer (NK) cells are key components of the
innate antiviral immune response. NK cells, a subset
of lymphocytes, represent between 5% and 15% of
mononuclear cells in the peripheral blood and up to
45% in some organs, such as the liver. The major
functional role of NK cells is the defense against tumor
[5]
cells and lyses of virus-infected cells . However, given
their potent cytotoxic and cytokine secretion potential,
their activity needs to be tightly regulated. The
activation state of an NK cell is determined partly by
the integration of activating and inhibitory signals after
interaction of surface NK cell receptors, including the
highly diverse killer Ig-like receptor (KIR) family, with
ligands found on target cells.
Previous results from our laboratory showed an
[6]
impaired NK activity in chronic hepatitis . Therefore,
altered function of NK cells might be one of the
mechanisms by which viruses escape the immune
system. Activating receptors on NK and T cells might
provide not only the machinery to induce proliferation
and fight off infection, but also to support maintenance
of the cells critically needed under conditions of
extended viral infections during CHC.
There is new evidence that NK cells also can be
activated to negatively regulate T cell responses
[7,8]
because they can produce interleukin-10 (IL-10) .
Under conditions of continued stimulation - like CHC
infection - IL-10 response by NK cells could limit the
magnitude of CD8 T cell response and protect from T
cell-mediated disease. If the NK cells are not regulated
properly, the regulation is lost with detrimental
consequences.
Natural killer T-like (NKT-like) cells are a sublineage
of T cells that share characteristics of conventional T cells
[9]
and NK cells and bridge innate and adaptive immunity .
The most characteristic immunoregulatory function

CONCLUSION: Our study demonstrated a complex
dysregulation of activating and inhibitory receptor
expression, such as decreased NKG2D and CD160
activating receptor expression and increased KIR2DL3
inhibitory receptor expression by NK and cytotoxic T
cells and may provide further mechanism contributing
to defective cellular immune functions in chronic
hepatitis C. Increased NKG2D receptor expression in
HCV patients with persistently normal ALT suggests
an important pathway for sustaining NK and CD8 T
cell function and a protective role against disease
progression.
Key words: Hepatitis C; natural killer cell; NKG2D;
Cytotoxicity; Cytokine
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The host immune response to hepatitis C
virus (HCV) involves both innate and adaptive arms of
the immune system. natural killer (NK) cells are key
components of the innate antiviral immune response.
To better characterize the immune defects underlying
chronic viral persistence, we focus our analysis on killer
inhibitory and activating receptor expression in patients
with chronic HCV infection with elevated alanine
aminotransferase (ALT) and also in patients with
HCV carriers with persistently normal ALT. Decreased
NKG2D and CD160 activating receptor expression and
increased KIR2DL3 inhibitory receptor expression by NK
and cytotoxic T cells in patients with chronic hepatitis C
contributing to defective cellular immune functions.
Szereday L, Meggyes M, Halasz M, Szekeres-Bartho J, Par A,
Par G. Immunological changes in different patient populations
with chronic hepatitis C virus infection. World J Gastroenterol
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of NKT cells is their ability to promptly secrete large
amounts of Th1 and Th2 cytokines including interferon-γ
[10]
(IFN-γ) and IL-4, respectively, upon stimulation .
Downstream, this culminates in the activation of
different cell types of the innate immune system such
as macrophages, NK cells, and dendritic cells as well as
effector T cells of the adaptive immune system.
Although shown to mediate immunity against a
wide range of pathogenic microbes, including bacteria,
fungi, parasites, and viruses, the mechanism(s) by
which NKT cells are activated during infection is still
unclear. NKT-like cells are abundant in the liver;
however, their role in the control of hepatitis C virus
[11]
infection remains to be determined .
CD8+ T cells are important in viral elimination
by using direct killing of infected cells and noncytotoxic mechanisms such as the secretion of antiviral
[12]
cytokines [IFN-γ or tumor necrosis factor (ΤΝF)-α] .
Despite the detection of HCV-specific CD8+ T cells in
the peripheral blood and the intrahepatic lymphocytic
infiltrate in patients with chronic hepatitis C, the virus
can persist. This persistence in spite of the presence of
these cytotoxic cells is still unexplained and suggests
that cell killing is not sufficient to eliminate the virus.
Studies in humans have revealed that even strong
CD8+ T cell responses in the acute phase of infection
may not be adequate to prevent progression to
[13-15]
chronicity
. Several investigators have clearly
shown that HCV-specific CD8+ T cells have functional
defects during chronic infection, as indicated by
impaired IFN-γ production, cytotoxic effector functions,
[16,17]
and in vitro proliferation
. While the mechanisms
responsible for the dysfunctions of HCV-specific T cells
in chronically infected patients remain unclear, recent
studies suggest a major contribution of regulatory T
cells.
To better characterize the immune defects under
lying chronic viral persistence, in this study we focus
our analysis on killer inhibitory and activating receptor
expression in patients with chronic hepatitis C virus
infection with elevated ALT and also in patients with
CHC carriers with persistently normal ALT (PNALT)
by NK, NKT-like and CD8+ T lymphocytes, given the
central role played by these cells in the control of viral
infections. Progress in the understanding of antiviral
immune responses in CHC carriers with PNALT could
elucidate key mechanisms playing a role in the control
of viral infection.

antibodies (ELISA 2.0, Abbott, Wiesbaden, Germany),
and HBsAg (Hepanostica Uniform II, Organon Teknika,
Oss, The Netherlands), and were positive for both
anti-HCV antibody and HCV-RNA. Diagnosis of chronic
hepatitis C was established by means of histology
in all symptomatic patients, but liver biopsy was not
performed in CHC carriers with PNALT.

HCV markers

Anti-HCV antibody was examined using enzymelinked immunoabsorbent assay (ELISA) (Detect-HCV
Ab, Biochem Immunosystem, ITC, Canada). Serum
HCV RNA detection and quantification were performed
with Roche Cobas Amplicor HCV 2.0 assay (lower limit
of detection < 50 IU/ml) and Cobas Amplicor HCV
Monitor Assay (Roche Diagnostics) according to the
manufacturer’s instructions.

Sample preparation

Venous blood samples were collected in heparanized
tubes and peripheral blood mononuclear cells (PBMC)
were prepared by Ficoll-Paque density gradient
centrifugation.

Antibodies and flow cytometry

Separated cells were washed in PBS and incubated
for 30 min at room temperature with the monoclonal
antibodies. The following monoclonal antibodies were
used for these studies: FITC-conjugated anti-CD3,
anti-CD8, anti-CD4, PE-conjugated anti-CD25, antiKIR2DL3 (CD158b), anti-ILT-2 (CD85), anti-NKG2C,
anti-CD160, anti-NKG2D, anti-KIR3DL1 (CD158e) and
APC-conjugated anti-CD56. After washing the cells
in PBS, cells were fixed with 4% paraformaldehyde,
stored at 4 ℃ , in dark, to be processed for FACS
analysis. At least 10000 cells were analyzed on the
FACS Calibur flow-cytometer (Becton Dickinson
Immunocytometry Systems, Erembodegen, Belgium)
after single gating on lymphoid cells for all mAb
combinations. The percentage of positive cells was
calculated using Cellquest software (Becton Dickinson,
San Diego, CA, United States). Figure 1 shows the
gating technique used to detect different lymphocyte
subpopulations with representative flow cytometric
dot plots. The effect of TGF-β1 treatment on NKG2D,
CD160 and KIR2DL3 expression by NK cells.
PBMC were separated from heparinized venous
blood on Ficoll-Paque gradient. One million cells were
treated with recombinant active TGF-β1 protein (1
ng/ml) for 48 h at 37 ℃ in a tissue culture incubator.
NKG2D, CD160 and KIR2DL3 expression by NK cells
was determined by flow cytometry.

MATERIALS AND METHODS
Patients

Persistently normal ALT was defined as ALT < 30 IU/l
in men, ALT < 19 IU/l in women measured every 3
mo over an 18-mo period. Patients with Fibroscan
result suggesting > F1 liver fibrosis (LS > 7.0 kPa)
were excluded from the CHC with PNALT group. Eleven
age-matched healthy blood donors served as controls.
All HCV subjects were seronegative for anti-HIV 1, 2

WJG|www.wjgnet.com

NK and CD8+ T separation and cytometric bead array

Natural killer and CD8+ T cells were separated by
MACS Cell Separation Technology (all reagents and
instruments from Miltenyi Biotec, Frank Diagnosztika
Kft., Budapest, Hungary). PBMCs were first
magnetically labeled with CD56 or CD8 MicroBeads
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Chronic HCV with
elevated ALT
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Figure 1 Gating strategy and representative flow cytometric dot plots. Figure 1 shows the gating technique used to detect different lymphocyte subpopulations.
For analysis of NK, NKdim, NKbright, NKT-like and CD8+ T cells cells lymphogate was created based on physical characteristics typical of lymphoid cells using forward
and side scatter parameters. Representative dot plots show the expression of NKG2D, ILT-2, KIR2DL3, KIR3DL1, CD160 and NKG2C by NK cells in the peripheral
blood from patients with chronic HCV with elevated ALT or PNALT and in healthy individuals. HCV: Hepatitis C virus; ALT: Alanine aminotransferase; PNALT:
Persistently normal ALT; NK: Natural killer cell.

Immunocytometry Systems, Erembodegen, Belgium)
calculating the amount of cytokines with CBA Software
(BD Biosciences, San Diego, CA, United States).

according to the manufacturer’s instructions and
CD56+ or CD8+ T cells were positively selected on the
cell separation column. In the next step, the magnetic
beads bound to the cell surface were enzymatically
released from the CD56+ cells, which were then
magnetically labeled with CD3 MicroBeads and the
CD3+ subpopulation positively selected to compose
the CD3+CD56+ T cell population. The remaining
fraction of the CD56+ cells, which did not bind the CD3
beads composed the CD3-CD56+ NK cell population.
Purity was greater than 95%. CD8+ and CD3-CD56+
cell populations were stimulated with 1 µg/ml of
ionomycin and 25 ng/ml of PMA (Sigma-Aldrich,
Sigma-Aldrich Kft., Budapest, Hungary) in RPMI 1640
Medium containing 10% fetal bovine serum, penicillin
and streptomycin (all from Invitrogen, Csertex Kft.,
Budapest, Hungary) overnight for cytokine production.
The levels of IL-2, IL-4, IL-5, IL-10, IFN-γ and TNF-α
were determined from the culture supernatants
with cytometric bead array (CBA) (#550749, BD
Biosciences, Soft Flow Hungary Kft., Pécs, Hungary)
using different capture beads according to the
manufacturer’s instructions to detect the respective
cytokines. Samples were analyzed right after the
experiment on a FACS calibur flow cytometer (BD
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Cytotoxic assay for NK cell activity

[18]

Cytotoxicity was determined as described earlier .
Cytotoxic activity of NK cells was evaluated by FACS
6
analysis. Target cells (1 × 10 ) were pre-stained with
the green fluorescent membrane dye PKH67 (Sigma,
4
Hungary) and effector cells were added to 25 × 10
target cells to yield effector to target (E:T) ratios of
12.5:1, 25:1, and 50:1. The tubes were centrifuged
for 30 s at 1200 rpm to pellet the effector and target
cells together. These cell mixtures were incubated
for 4 h at 37 ℃ in 5% CO2. After incubation the cell
mixture was centrifuged at 1200 rpm and stained with
propidium iodide (PI, 5 μg/mL, Sigma, Hungary). Dead
target cells were identified by simultaneous PKH67 and
PI-positivity. Target cells incubated without effector
cells were used to assess spontaneous cell death.
The percentage of lysed target cells was calculated
by subtracting background (spontaneous cell death)
expression from experimental samples. Cytotoxicity
was expressed as the percentage of lysed target cells
in each effector-to-target ratio.
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Figure 2 Activating natural killer cell receptor expression by natural killer cells in the peripheral blood from patients with chronic hepatitis C virus with
elevated alanine aminotransferase or persistently normal alanine aminotransferase and in healthy individuals. The expression of CD160 (A-C), NKG2D (D-F)
and NKG2C (G-I) by NK cells and NK cell subsets in the peripheral blood from patients with chronic HCV with elevated ALT or PNALT and in healthy individuals. The
solid bars represent medians; the boxes indicate the interquartile ranges and the lines show the most extreme observations. Differences were considered statistically
significant for P values ≤ 0.05. HCV: Hepatitis C virus; ALT: Alanine aminotransferase; PNALT: Persistently normal ALT; NK: Natural killer cell.

Effect of TGF-β 1 on NK cytotoxicity

coefficient. Differences were accepted as significant at a
level of P < 0.05.

PBMC were separated from heparinized venous blood
on Ficoll-Paque gradient. One million cells were treated
with recombinant active TGF-β1 protein (1 ng/ml)
for 48 h at 37 ℃. Following incubation we determined
cytotoxicity of NK cells by flow cytometry.

RESULTS
Patients

Twenty one patients with CHC infection with elevated
ALT > 2 × ULN (11 males, 10 females, mean age: 57
years; range 38-70 years) and 11 (2 males, 9 females,
mean age: 56 years; range 41-63 years) HCV carriers
with persistently normal ALT were studied.

Statistical analysis

Statistical analysis was performed using non-parametric
Mann-Whitney U-test with statistical software SPSS
version 11.0 package (SPSS, Inc. Chicago, IL, United
States) (figures 2-5). Results are expressed as mean
value ± standard error of the mean (SEM). Statistical
comparisons were made by using one-way ANOVA with
Bonferroni correction (Figures 6 and 7). The results
were expressed as the mean value ± SEM. Differences
were considered significant if the p value was equal to
or less than 0.05. Correlation between variables was
assessed by calculating Spearman rank correlation
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Lymphocyte frequency

No significant differences were observed in the per
centage of helper (CD4+) or cytotoxic (CD8+) T
high
cells, regulatory (CD4+CD25 ) T cells, NK (CD3CD56+) or NKT-like (CD3+CD56+) cells in peripheral
blood of patients with CHC hepatitis with elevated ALT
compared to CHC patients with PNALT and also to
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Figure 3 Inhibitory natural killer cell receptor expression by natural killer cells in the peripheral blood from patients with chronic hepatitis C virus with
elevated alanine aminotransferase or persistently normal alanine aminotransferase and in healthy individuals. The expression of KIR2DL3 (A-C), ILT-2 (D-F)
and KIR3DL1 (G-I) by NK cells and NK cell subsets in the peripheral blood from patients with chronic HCV with elevated ALT or PNALT and in healthy individuals. The
solid bars represent medians; the boxes indicate the interquartile ranges and the lines show the most extreme observations. Differences were considered statistically
significant for P values ≤ 0.05. HCV: Hepatitis C virus; ALT: Alanine aminotransferase; PNALT: Persistently normal ALT; NK: Natural killer cell.

healthy controls (Table 1).

in CHC patients with elevated ALT than in CHC positive
patients with PNALT (Figure 2d). Expression of NKG2C
was higher in NK cells from patients with CHC infection
as compared to healthy controls but significantly lower
than CHC carriers (Figure 2g). NK cells can be divided
into two populations based on the intensity of the
dim
CD56 marker at the cell surface. CD56 NK cells are
bright
the more cytotoxic subset, whereas CD56
cells are
poorly cytotoxic and preferentially secrete cytokines
[22]
when activated . The majority of NK cells were of
dim
the CD3-CD56 phenotype and our data shows that
this cell population represents the above mentioned
alterations in activating receptor expression by NK cells
dim
(Figure 2b, e and h). In contrast to CD56 cells, we
found no significant difference in the killer activating
bright
NK cell receptor expression by CD56
cells between
the investigated groups (Figure 2c, f and i).
An enhanced expression of inhibitory KIR2DL3
receptor on NK cells was found in peripheral blood of
patients with CHC infection and also in CHC carriers

Activating and inhibitory NK cell receptor expression by
NK cells in the peripheral blood from patients with CHC
with elevated ALT or PNALT and in healthy individuals

The phenotypes and functional activities of various
populations of innate effectors have been reported to
[6,19-21]
be impaired in all stages of HCV infection
. The
balance of activating and inhibitory signals through
the killer activating and the inhibitory receptors
control NK cell activity. Since the role of NK cells
determining disease inflammatory activity reflected
by ALT elevation in chronic hepatitis C is not clear, we
investigated different activating and inhibitory NK cell
receptor expression by NK cells in patients with CHC
with elevated ALT or PNALT.
CD160 and NKG2D activating NK cell receptor
expression was significantly lower in patients with CHC
infection than in healthy controls (Figure 2a and d).
NKG2D expression by NK cells was significantly lower
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Figure 4 Activating and inhibitory natural killer cell receptor expression by CD8+ T cells in the peripheral blood from patients with chronic hepatitis C
virus with elevated alanine aminotransferase or persistently normal alanine aminotransferase and in healthy individuals. The expression of CD160 (A),
NKG2D (B), NKG2C (C), KIR2DL3 (D) and ILT-2 (E) by CD8+ T cells in the peripheral blood from patients with chronic HCV with elevated ALT or PNALT and in
healthy individuals. The solid bars represent medians; the boxes indicate the interquartile ranges and the lines show the most extreme observations. Differences were
considered statistically significant for P values ≤ 0.05. HCV: Hepatitis C virus; ALT: Alanine aminotransferase; PNALT: Persistently normal ALT; NK: Natural killer cell.
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Figure 5 Activating and inhibitory natural killer cell receptor expression by NKT-like cells in the peripheral blood from patients with chronic hepatitis
C virus with elevated alanine aminotransferase or persistently normal alanine aminotransferase and in healthy individuals. The expression of NKG2D
(A), KIR2DL3 (B), ILT-2 (C) and KIR3DL1 (D) by NKT-like cells in the peripheral blood from patients with chronic HCV with elevated ALT or PNALT and in healthy
individuals. The solid bars represent medians; the boxes indicate the interquartile ranges and the lines show the most extreme observations. Differences were
considered statistically significant for P values ≤ 0.05. HCV: Hepatitis C virus; ALT: Alanine aminotransferase; PNALT: Persistently normal ALT; NK: Natural killer cell.

with PNALT in comparison to healthy controls (Figure
3a). No significant differences were found between
study groups in regarding expression of ILT-2 on NK
cells (Figure 3d-f). KIR3DL1 inhibitory NK cell receptor
dim
expression was significantly decreased by NK, CD56
bright
and CD56
cells in patients with CHC irrespectively

WJG|www.wjgnet.com

of ALT compared to healthy individuals (Figure 3g-i).

Activating and inhibitory receptor expression by CD8+ T
cells

Significantly lower percentage of CD160, NKG2D and
NKG2C activating receptor expressing CD8+ T cells
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Figure 6 Natural killer cell cytotoxicity against K562 cells in patients with chronic hepatitis C virus with elevated alanine aminotransferase or persistently
normal alanine aminotransferase and in healthy individuals and the effect of in vitro TGF-b1 treatment on the cytotoxicity and natural killer cell receptor
expression of freshly isolated natural killer cells. A: Cytotoxicity of NK cells isolated from healthy individuals, HCV carriers with PNALT and chronic HCV with
elevated ALT. Cytotoxic activity of NK cells as a percentage of lysed cells is indicated in patients with chronic HCV with elevated ALT or PNALT and in healthy
individuals at different effector and target cell ratios. Statistical comparisons were made by using one-way ANOVA with Bonferroni correction. The results were
expressed as the mean value ± standard error of the mean (SEM). aP ≤ 0.05, significant from patients with chronic HCV with elevated ALT and healthy individuals. B:
Cytotoxicity of TGF-β treated NK cells isolated from healthy individuals. Cytotoxic activity of NK cells as a percentage of lysed cells is indicated after TGFb1 treatment
(1 ng/mL) at different effector and target cell ratios. C: Expression of NKG2D, KIR2DL3 and CD160 receptors by TGF-β-treated NK cells. Different NK cell receptor
expression by NK cells after TGFb1 treatment (1 ng/mL). Statistical comparisons were made by one-way ANOVA with Bonferroni correction. The solid bars represent
medians; the boxes indicate the interquartile ranges and the lines show the most extreme observations. Differences were considered statistically significant for P
values ≤ 0.05. E: Effector cell; T: Target cell; HCV: Hepatitis C virus; ALT: Alanine aminotransferase; PNALT: Persistently normal ALT; NK: Natural killer cell.

to healthy controls (Figure 4d and e).
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No significant difference was found between healthy
controls and patients with HCV infection with respect
to expression of NKG2D on NKT-like cells (Figure 5a).
KIR2DL3 inhibitory NK cell receptor expression by NKTlike cells revealed an enhanced proportion of KIR2DL3expressing cells in peripheral blood of patients with
CHC in comparison to healthy controls (Figure 5b).
Regarding expression of ILT-2 inhibitory receptors,
we found no difference in the percentage of ILT-2
receptor expressing NKT-like cells in study groups
(Figure 5c). KIR3DL1 inhibitory receptor expression
-similarly to NK cells- was significantly decreased on
NKT-like cells in patients with CHC irrespective of ALT
compared to healthy individuals (Figure 5d).
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Figure 7 The correlation of plasma transforming growth factor b1 levels
with NKG2D expression by natural killer cells in patients with chronic
hepatitis C virus hepatitis. Shown is plasma TGF-b1 levels with NKG2D
expressed by NK cells. Correlation between variables was assessed by
calculating Spearman rank correlation coefficient. NK: Natural killer cell; TGF-b1:
Transforming growth factor b1.

Alteration of cytokine production by NK and CD8+ T
cells in CHC infection

were found in patients with CHC hepatitis than in
healthy controls and in CHC carriers with PNALT. (Figure
4a-c). We found no difference in the percentage of
inhibitory receptor (KIR2DL3 and ILT-2) expression by
CD8+ T cells in patients with CHC infection compared
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NK cells produced significantly higher IL-10, TNF-α
and IFN-γ in patients with CHC compared to healthy
individuals (Table 2). In addition, IL-2, IL-4, IL-5,
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Effect of TGF-β 1 on NKG2D expression of freshly
isolated NK cells

Table 1 Peripheral blood mononuclear cell phenotype
characteristics in patients with chronic hepatitis C virus with
elevated alanine aminotransferase or persistently normal
alanine aminotransferase and in healthy individuals
Healthy
individuals
Percentage of PBL
CD3+CD4+
CD3+CD4+CD25+
CD3+CD4+CD25bright+
CD3+CD56+
CD3-CD56+
CD3-CD56dim+
CD3-CD56bright+
CD3+CD8+

29.38 ± 8.11
4.27 ± 1.62
0.52 ± 0.26
2.99 ± 1.73
17.34 ± 7.42
16.04 ± 7.36
1.15 ± 0.64
28.59 ± 4.55

To investigate if TGF-β1 was responsible for downmodulation of NKG2D, we incubated freshly isolated NK
cells obtained from healthy volunteers with 1 ng/ml
TGF-β1 for 48 h and analyzed NKG2D expression by
FACS. Incubation of NK cells with TGF-β1 significantly
down-regulate surface NKG2D expression by NK cells
(63.08 vs 36.21, p < 0.01). In contrast, TGF-β1 did
not alter the level of other NK receptors, including the
activating NK cell receptor, CD160 (37.47 vs 34.04 NS)
or the inhibitory NK cell receptor, KIR2DL3 (11.05 vs
11.04 NS). These data suggest that TGF-β1 specifically
down-modulates NKG2D without affecting other NK
receptors.
Together, our data strongly suggest that secretion
of TGF-β1 in CHC patients can down-modulate NKG2D
expression by NK cells (Figure 6c). Plasma TGF-β1
levels inversely correlated with NKG2D expression by
NK cells in CHC infected individuals (Figure 7).

Chronic HCV HCV carriers
with elevated with PNALT
ALT
33.15 ± 9.08
4.05 ± 1.57
0.38 ± 0.26
5.07 ± 4.15
16.42 ± 5.26
14.58 ± 5.72
1.75 ± 1.54
25.27 ± 8.77

34.46 ± 6.49
5.24 ± 1.43
0.40 ± 0.13
3.48 ± 2.72
17.04 ± 7.71
15.92 ± 7.14
1.27 ± 1.01
24.66 ± 6.14

Statistical comparisons were made by using the ANOVA tests. The results
were expressed as the mean value ± SD. HCV: Hepatitis C virus; ALT:
Alanine aminotransferase; PNALT: Persistently normal ALT; NK: Natural
killer cell.

IL-10, TNF-α and IFN-γ production by NK cells isolated
from CHC carriers with PNALT was significantly
higher compared to healthy controls (Table 2). PNALT
was associated with higher level of IL-4 and TNF-α
compared to CHC hepatitis group (Table 2). CHC
infection was associated with significantly higher IL-4,
IL-5, IL-10 and TNF-α levels produced by CD8+ T cells
compared to healthy individuals. Only IL-10 differed
significantly between PNALT and elevated ALT group.
CD8+ cells of CHC carriers with PNALT produced
significantly higher amount of IL-10 compared to CHC
hepatitis group (Table 2).

DISCUSSION
Following acute HCV infection a majority of healthy adults
will develop persistent viremia. Effective clearance of an
acute viral infection typically requires the coordinated
function of multiple arms of the immune system,
including the innate immune system (interferons, NK
and NKT-like cells), as well as the acquired immune
response specific to a given pathogen (CD4+ and CD8+
T cells). A functional impairment of NK, NKT-like and
CD8 T cells has been reported in CHC infections by
several observations, and different mechanisms have
[5,19-21,24]
been proposed to explain this defective function
.
Natural killer cell receptors are important regulators
of NK and CD8+ T cell functions. Regarding the fact that
[6,20]
[19,21,24]
impaired activities of CD8+ T
and NK cells
have been reported in patients with chronic hepatitis
C infection, we analyzed whether dysregulation of NK
cell receptors on these cell might be involved in the
inefficient cellular immune response observed in chronic
hepatitis C. In this study we analyzed the expression of
different activating and inhibitory NK cell receptors in
CHC patients with elevated and with persistently normal
ALT.
We found that the percentages of NKG2D or
CD160 activating receptor positive NK and CD8+ T
cells were significantly decreased in CHC patients with
elevated ALT compared to healthy individuals. This
discrepancy was not found in CHC infected patients
with persistently normal ALT. CD8+ T cells from CHC
carriers with PNALT showed significantly elevated
expression of CD160, NKG2D and NKG2C activating
receptors compared to CHC patients with elevated
ALT. Comparing the activating and inhibitory receptor
expression by NK cells obtained from CHC carriers with
PNALT and CHC hepatitis patients with elevated ALT,

Cytotoxicity of NK cells and the effect of in vitro TGF-β1
treatment

Earlier we demonstrated that TGF-β1 levels sig
nificantly higher in patients with chronic hepatitis
C with elevated ALT compared to PNALT group and
healthy individuals. TGF-β1 levels positively correlated
with Knodell histological activity index assessed by
liver biopsy. Since impaired NK cell function has been
attributed to down-modulation of activating receptors
NKG2D via secretion of TGF-β1 in lung and colorectal
cancer patients, we investigated the effect of TGF-β1
[23]
treatment on NK cell cytotoxicity .
To determine whether decreased NKG2D expression
by NK cells in CHC patients with elevated ALT is
potentially related to their increased TGF-β1 levels, we
studied the in vitro effect of TGF-β1 treatment on the
cytotoxicity of NK cells in response to co-culture with
the classical NK cell target K562 cells. NK cells from
CHC carriers with PNALT showed significantly higher
cytotoxic activity compared to patients with chronic
CHC with elevated ALT or healthy individuals (Figure
6a). Treatment of freshly isolated NK cells with TGF-β1
suppressed NK-dependent lysis of K562 cells (13.21 vs
9.43, p < 0.01) (Figure 6b).
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Table 2 Cytokine production by natural killer cell and CD8+ T cells in the peripheral blood from patients with chronic hepatitis C
virus with elevated alanine aminotransferase or persistently normal alanine aminotransferase and in healthy individuals

NK cells
Healthy individuals
Chronic HCV with elevated ALT
HCV carriers with PNALT
CD8+
Healthy individuals
Chronic HCV with elevated ALT
HCV carriers with PNALT

IL-2

IL-4

IL-5

IL-10

TNF-α

IFN-g

400.4 ± 357.4
817.3 ± 316.2
1182.3 ± 447.7e

32.4 ± 23.5
20.2 ± 8.6c
169.5 ± 48.1a

6.3 ± 1.39
27.9 ± 15.6
18.3 ± 5.83e

5.50 ± 0.23
9.30 ± 1.63a
9.70 ± 1.22a

1301.7 ± 417.3
3034.3 ± 649.7a,c
4491.6 ± 148.6b

2739.2 ± 61.2
3268.6 ± 140.4a
3231 ± 77.9b

1944.5 ± 303.9
2440.5 ± 378.3
2502.1 ± 238.5e

26.1 ± 6.9
276.3 ± 98.1a
253.1 ± 95.2a

65.5 ± 20.8
461.2 ± 213.9a
374.8 ± 171.6a

18.2 ± 4.9
58.3 ± 15.8a,c
258.3 ± 71.9e

1369.0 ± 224.5
3247.4 ± 590.8a
3895.0 ± 218.3b

2608.4 ± 81.2
2721.9 ± 78.7
2719.7 ± 127.0

Concentrations of cytokines are given in picograms per milliliter (mean ± SD). aP < 0.05, eP < 0.02, bP < 0.001, vs healthy individuals, significantly different;
c
P < 0.05 vs symptomatic individuals, significantly different. HCV: Hepatitis C virus; ALT: Alanine aminotransferase; PNALT: Persistently normal ALT;
NK: Natural killer cell; IL-2: Interleukin-2; TNF-α: Tumor necrosis factor α; IFN-g: Interferon-g.

NKG2D activating receptor expression was the only
receptor showing a significant difference. Investigating
dim
CD56 NK cells, NKG2D receptor expression was
significantly elevated in persistently normal ALT group
compared to CHC hepatitis patients.
Analyzing inhibitory NK cell receptors expressed
by CD8+ T, NK or NKT-like cells, we did not find
any difference in the expression of KIR2DL3, ILT-2
or KIR3DL1 between patients with CHC infection
with elevated ALT and CHC carriers with PNALT.
Interestingly KIR3DL1 expression by NK and NKT-like
cells was significantly lower in patients with chronic
hepatitis C with elevated ALT compared to healthy
individuals. On the other hand KIR2DL3 expression by
NK and NKT-like cells were significantly increased in
patients with CHC infection with elevated ALT and CHC
carriers with PNALT compared to healthy individuals.
The mechanisms by which NK and NKT-like cells in
hepatitis express KIR2DL3 at considerable high levels
remain elusive. One possibility is that the expression
levels of NK receptors may be modified by various
types of cytokines released under chronically inflamed
conditions. Given previous findings that high level
of serum TGF-β production were observed in CHC
[25]
infected patients
and that TGF-β can up regulate
[26]
the expression of inhibitory receptors on NK cells
we hypothesized that TGF-β would contribute to the
high expression of KIR2DL3 on NK and NKT-like cells
in CHC infection. We found that TGF-β1 significantly
down-regulated surface NKG2D expression by NK
cells, but did not alter the level of other NK receptors,
including the activating NK cell receptor CD160 or the
inhibitory NK cell receptor KIR2DL3, suggesting that
other factors, including the virus itself, play a role in
the modulation of activating or inhibitory receptor
expression.
The activation status of NK, NKT-like and CD8+ T
cells depends on the balance between activating and
inhibitory signals delivered by surface receptors. Thus,
our present findings of up-regulated expression of
inhibitory receptors combined with the concomitant
down-regulation of activating receptors synergistically
leads to the dominant delivery of inhibitory signals to

WJG|www.wjgnet.com

NK, NKT cells and KIR receptor-positive T cells. This
altered receptor expression is reflected by impaired
cytotoxic function of NK cells. Our data agree with
[27,28]
other studies
, which reported a significant re
duction in NK cytotoxic activity in patients with CHC
[24,29]
infection, but disagree with several other studies
.
Our results show that NK cells from CHC carriers
with PNALT have significantly higher cytotoxic activity
compared to patients with CHC with elevated ALT
or healthy individuals. Since NKG2D expression by
NK cells in PNALT patients was at normal level we
hypothesize that further factors may be involved in the
regulation of their activity.
The pathogenesis of impaired CD8 response in CHC
infection still remains partially understood. To further
clarify this issue, in this study, we looked for activating
and inhibitory receptor expression by CD8+ T cells.
Our results show that CD8 T cell triggering can be
hindered by engagement of inhibitory natural killer cell
receptors, which are expressed on previously activated
CD8 T cells. Although we found no differences in the
expression of inhibitory receptor expression by CD8+
T cells between healthy individuals and HCV infected
patients, but we found that activating NK receptors are
expressed at significantly lower frequencies on CD8+ T
cells during CHC infection. These findings suggest that
decreased expression of activating NK receptors may
play a role in HCV infection, possibly by inhibiting CD8
T-cell triggering.
Other factors such as cytokines may also play an
[30-32]
important role during CHC infection
. IL-10 has
largely been appreciated for its direct and indirect
inhibitory effects on several T cell responses. IL-10
has been shown to contribute to regulation of im
munopathology. The increased production of IL-10 by
CD8+ T cells in CHC patients with persistently normal
ALT reported in this paper is supposed to be important
for limiting CD8 T cell response and contributing to
asymptomatic virus carrier state. The NK cells of CHC
carriers with PNALT produced significantly higher level
of IL-4 and TNF-α, together with high cytotoxic activity
compared to patients with CHC infection. We showed
that cytokine pattern of NK cells and CD8+ T cells are
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shifted towards a virus-permissive profile in patients
with CHC infection which may ultimately contribute to
HCV chronicity.
A major unresolved issue is the exact role of
immune cells in different patient populations with
acute and chronic hepatitis C virus infection. Further
investigations are needed to clear whether NK, NKTlike and CD8+ T cells expressing various activating and
inhibitory receptors could lead to viral clearance.
In conclusion we found complex dysregulation of
activating and inhibitory receptor expression, such
as decreased NKG2D and CD160 activating receptor
expression and increased KIR2DL3 inhibitory receptor
expression by NK and cytotoxic T cells in patients with
chronic hepatitis C contributing to defective cellular
immune functions. NKG2D receptor expression was
significantly elevated in CHC infected patients with
persistently normal ALT suggesting an important
pathway for sustaining NK and CD8 T cell function
and its critical role in protection against disease
progression.
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Abstract

Institutional review board statement: The protocol was
approved by the Research Ethics Committee, of the Royal
Adelaide Hospital (approval number 111223).

AIM: To determine gastric emptying, blood pressure,
mesenteric artery blood flow, and blood glucose
responses to oral glucose in Parkinson’s disease.
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Sanofi, Novartis, Eli Lilly, Merck Sharp and Dohme, Boehringer
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METHODS: Twenty-one subjects (13 M, 8 F; age
64.2 ± 1.6 years) with mild to moderate Parkinson’
s disease (Hoehn and Yahr score 1.4 ± 0.1, duration
of known disease 6.3 ± 0.9 years) consumed a 75
99m
g glucose drink, labelled with 20 MBq
Tc-calcium
phytate. Gastric emptying was quantified with
scintigraphy, blood pressure and heart rate with an
automated device, superior mesenteric artery blood
flow by Doppler ultrasonography and blood glucose by

Data sharing statement: Participants gave informed consent
for data sharing. No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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the cohorts studied and the methodology used to
quantify GE. Delayed GE has been associated with
upper gastrointestinal and motor symptoms, as well as
[3,4]
impaired absorption of dopaminergic therapy .
There is little or no information about the potential
impact of GE in two other areas: postprandial blood
pressure (BP) and glycaemia. Postprandial hypotension
(PPH), a fall in systolic BP of ≥ 20 mmHg within 2 h
[5]
of a meal , was reported for the first time in 1977
[6]
in a patient with PD and is a clinically important
disorder, predisposing to syncope and falls and being
[7]
associated with increased mortality . PPH may occur
[8]
frequently in PD, but information is limited . It has
also been suggested that PPH represents an “early”
[8,9]
marker of autonomic dysfunction in PD . Our studies
have established that GE is pivotal to the regulation
of postprandial BP- in healthy older subjects and
patients with type 2 diabetes, the magnitude of the
hypotensive response is greater when GE is relatively
[10]
faster . When glucose is infused intraduodenally in
healthy older subjects at 1, 2 or 3 kcal/min, there is a
substantial fall in systolic BP in response to the 2 and
[11]
3 kcal/min, but not the 1 kcal/min, load . In contrast
to the effect of GE, gastric distension attenuates the
[12]
fall in BP , and consumption of water has been
[7]
advocated as a treatment for PPH . Only one study
has evaluated the impact of GE on BP in PD and found
no relationship in a cohort of 12 patients with mild to
[13]
moderate disease ; BP was not a primary outcome
in this study. The hypotensive response to a meal
may relate to splanchnic blood pooling, as assessed
by measurement of superior mesenteric artery (SMA)
[14]
blood flow using Doppler ultrasound .
GE is an important determinant of postprandial
glycaemia, which is a major contributor to “overall”
glycaemic control in diabetes, as assessed by glycated
[15]
[16]
hemoglobin . Accordingly, in health , subjects with
[16,17]
[17]
impaired glucose tolerance
and type 2 diabetes ,
when GE is faster, there is a greater initial glycaemic
response. While diabetes per se does not appear to
[18]
increase the propensity to PD , type 2 diabetes may
be associated with greater impairments in postural
[19]
stability and gait . PD is associated with impaired
[20]
insulin signalling in the brain
and drugs develo
ped for the management of diabetes, particularly
glucagon-like peptide-1 agonists, may have efficacy in
[21]
treatment . There is no information about the impact
of GE on postprandial glycaemia in PD.
The primary aims of this study were to quantify
the GE, BP, SMA flow and blood glucose responses to
oral glucose in mild to moderate PD and evaluate the
relationships of changes in BP and glycaemia with the
rate of GE. We hypothesised that there would be a
high prevalence of delayed GE, that consumption of
glucose would result in a fall in BP and rises in both
SMA flow and blood glucose, and that these responses
would be related to GE.

glucometer for 180 min. Autonomic nerve function was
evaluated with cardiovascular reflex tests and upper
gastrointestinal symptoms by questionnaire.
RESULTS: The mean gastric half-emptying time was
106 ± 9.1 min, gastric emptying was abnormally
delayed in 3 subjects (14%). Systolic and diastolic
blood pressure fell (P < 0.001) and mesenteric
blood flow and blood glucose (P < 0.001 for both)
increased, following the drink. Three subjects (14%)
had definite autonomic neuropathy and 8 (38%) had
postprandial hypotension. There were no significant
relationships between changes in blood pressure,
heart rate or mesenteric artery blood flow with gastric
emptying. Gastric emptying was related to the score for
autonomic nerve function (R = 0.55, P < 0.01). There
was an inverse relationship between the blood glucose
at t = 30 min (R = -0.52, P < 0.05), while the blood
glucose at t = 180 min was related directly (R = 0.49,
P < 0.05), with gastric emptying.
CONCLUSION: In mild to moderate Parkinson’s disease,
gastric emptying is related to autonomic dysfunction and
a determinant of the glycaemic response to oral glucose.
Key words: Gastric emptying; Hypotension; Parkinson’s
disease; Blood pressure; Glucose
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We measured gastric emptying, blood pressure
and blood glucose responses to a glucose drink in 21
patients with mild-to-moderate Parkinson’s disease.
Gastric emptying was shown to be abnormally delayed 3
patients and 40% had postprandial hypotension - a fall
in systolic blood pressure > 20 mmHg after the glucose
drink. We demonstrated relationships between gastric
emptying and autonomic dysfunction, so that slower
gastric emptying was associated with greater autonomic
dysfunction, as well as relationships between the blood
glucose response with gastric emptying.
Trahair LG, Kimber TE, Flabouris K, Horowitz M, Jones KL.
Gastric emptying, postprandial blood pressure, glycaemia and
splanchnic flow in Parkinson’s disease. World J Gastroenterol
2016; 22(20): 4860-4867 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i20/4860.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i20.4860

INTRODUCTION
While gastrointestinal dysfunction occurs frequently
[1,2]
in Parkinson’s disease (PD)
, the prevalence of
abnormally delayed gastric emptying (GE) remains
uncertain because of substantial variations in both
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Belconnen, ACT, Australia) within 3 min. GE, BP, SMA
blood flow and blood glucose were measured for
180 min following the drink. At t = 180 min, the IV
cannula was removed and the subject given a meal.
Evaluation of autonomic function, using standardised
[25]
cardiovascular reflex tests , was then performed,
prior to the subject leaving the laboratory.
The protocol was approved by the Research Ethics
Committee of the Royal Adelaide Hospital, and each
subject provided written, informed consent prior to
their inclusion. All experiments were carried out in
accordance with the Declaration of Helsinki.

Table 1 List of anti-Parkinsonian medications in 21 patients
with Parkinson’s disease n (%)
Drug

Patients

Pramipexole
Levodopa
Levodopa and Carbidopa
Levodopa, Carbidopa and Entacapone
Rasagiline
Amantadine
Apomorphone
Pregabalin
Selegiline

11 (52)
9 (43)
8 (38)
4 (19)
3 (14)
1 (5)
1 (5)
1 (5)
1 (5)

Measurements

Gastric emptying: Radioisotopic data was acquired
for 180 min following consumption of the drink (60 s
frames between t = 0-60 min, then 180 s frames from
t = 60-180 min), where t = 0 was the time of com
pletion of the drink. Data were corrected for subject
[26]
movement, radionuclide decay and γ-ray attenuation .
A region-of-interest was drawn around the total
stomach and gastric emptying curves (expressed as
percentage retention over time) derived. The amount
of the drink remaining in the total stomach at 15 min
intervals between t = 0-180 min, as well as the 50%
[26]
gastric emptying time (T50) , were calculated. The
normal range for the T50 of this drink is 43-157 min,
based on data in 21 healthy subjects (age 64.8 ± 1.8
years), matched for age (i.e., within 2 years) to each
[17]
subject with PD . GE was considered to be abnormally
fast or slow when the T50 was above, or below, this
normal range.

MATERIALS AND METHODS
Subjects

Twenty one subjects with mild to moderate PD were
recruited through advertisements placed in a local
Parkinson’s newsletter, and outpatient referral by a
neurologist (TK). Mild to moderate PD was defined as a
[22]
score ≤ 2.5 on the modified Hoehn and Yahr scale .
Subjects who were unable to move independently,
or who had a history of falls, gastrointestinal disease
(unrelated to Parkinson’s), diabetes, significant
respiratory or cardiac disease, alcohol abuse or epilepsy,
were excluded. 13 males and 8 females, age 64.2 ±
1.6 years (range: 51-77 years), body mass index (BMI)
2
2
25.2 ± 0.8 kg/m (range: 20.3-34.5 kg/m ) and known
duration of PD 6.3 ± 0.9 years (range: 1-16 years),
were studied. Two patients were receiving antihy
pertensive drugs, which were withdrawn for 24 h before
the study day. Details of anti-Parkinsonian medication
are summarised in Table 1. Four subjects had received
deep brain stimulation for the management of their PD.

Blood pressure and heart rate: BP and HR were
measured using an automated BP monitor (DINAMAP
ProCare 100, GE Medical Systems, Milwaukee, WI,
United States), every 3 min during the “rest” period,
and from t = 0-180 min. Baseline BP was calculated
as an average of the three measurements obtained
immediately prior to the consumption of the drink (i.e.,
[11]
t = -9, t = 6 and t = -3 min) . Maximum changes in
BP and HR were calculated as the greatest change that
occurred from baseline. Subjects were categorised
according to the maximum fall in systolic BP following
the drink, i.e., those in which the fall was ≤ 10 mmHg,
> 10 mmHg but < 20 mmHg and ≥ 20 mmHg. PPH
was defined as a sustained (> 10 min) fall in systolic
[5]
BP of ≥ 20 mmHg .

Protocol

At an initial screening visit 6-65 d before the study day,
a medical history and staging of Parkinson’s symptoms
on the modified Hoehn and Yahr scale were performed
[22]
by a neurologist (TK)
and a questionnaire to asses
[23,24]
symptoms referrable to delayed GE completed
.
On the study day, subjects attended the Depart
ment of Nuclear Medicine, Positron Emission Tomo
graphy and Bone Densitometry at the Royal Adelaide
Hospital at 0830h after an overnight fast from solids
(14 h) and liquids (12 h). Where possible, subjects
were asked to withhold the morning dose of anti-Parkin
sonian medication. On arrival, the subject was seated
in front of a gamma camera and an IV cannula inserted
into the left antecubital vein for blood sampling. An
automated cuff was placed around the upper right
arm to measure BP and HR. The subject was then
[11]
allowed to “rest” for approximately 15 min . At t =
-3 min, the subject consumed a drink comprising 75 g
glucose and 5 g 3-O-Methyl-D-gluco-pyranose (3-OMG)
(Carbosynth, Berkshire, United Kingdom) dissolved
in water (total drink volume 300 mL), labelled with
99m
20 MBq
Tc-calcium phytate (Radpharm Scientific,
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Superior mesenteric artery blood flow: SMA flow
TM
was measured using a Logiq e ultrasound system (GE
Healthcare Technologies, Sydney, NSW, Australia) and
a 3.5C broad spectrum 2.5-4 MHz convex linear array
transducer. Measurements were obtained immediately
prior to the consumption of the drink (t = -3 min),
every 15 min between t = 0-60 min, and then at t =
90 min, 120 min and 180 min. Blood flow (mL/min)
was calculated automatically using the formula: π ×
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r × TAMV × 60, where R = the radius of the SMA
[14]
and TAMV is the time-averaged mean velocity .
In all subjects two measurements were acquired by
the same, experienced investigator (LT) at each time
point.

overall linear pattern. A P value < 0.05 was considered
significant in all analyses. The number of subjects
included was based on power calculations derived
[10]
from our previous study . The statistical analysis
was supervised and reviewed by a professional
biostatistician. Data are presented as mean ± SE.

Blood glucose: Venous blood was sampled imme
diately prior to the consumption of the drink (t = -3
min), every 15 min between t = 0-60 min and then
at t = 90 min, 120 min and 180 min. Blood glucose
(mmol/L) was determined immediately using a
portable glucometer (Medisense Companion 2 m,
Medisense Inc. Waltham, MA, United States). Results
were classified, according to World Health Organisation
criteria, as normal glucose tolerance (NGT) (fasting
blood glucose < 6.1 mmol/L, and 2 h < 7.8 mmol/L),
impaired fasting glucose (IFG) (fasting blood glucose
< 7.0 mmol/L, but > 6.1 mmol/L), impaired glucose
tolerance (IGT) (2 h blood glucose < 11.1 mmol/L, but
> 7.8 mmol/L), or diabetes (fasting blood glucose ≥ 7.0
[27]
mmol/L and/or 2 h blood glucose ≥ 11.1 mmol/L) .

RESULTS
The studies were well tolerated and no adverse events
were reported. The mean Hoehn and Yahr score was
1.4 ± 0.1 (range: 1-2.5) and duration of known PD 6.3
± 0.9 years (range: 1-16 years). Three subjects were
unwilling, or unable to withhold their morning antiParkinson medications because of the risk of significant
motor dysfunction. Three subjects had definite
autonomic neuropathy, in 10 subjects the score was ≥
2; the mean ANF score was 1.8 ± 0.3 (range: 0-5); 5
subjects had OH. Eight subjects had PPH. In another
8, the maximum fall was > 10 mmHg but < 20 mmHg
and in 5 subjects the fall was < 10 mmHg. Four of the
5 subjects with OH also had PPH. The mean score for
upper gastrointestinal symptoms was 1.5 ± 0.4 (range:
0-5).

Upper gastrointestinal symptoms: Upper
gastrointestinal symptoms assessed at the screening
[23]
visit by questionnaire , included anorexia, nausea,
early satiety, bloating, vomiting, abdominal pain,
dysphagia, heart burn and acid regurgitation. Each
was scored as: 0 = none, 1 = mild, 2 = moderate or 3
[23]
= severe, for a maximum score of 27 .

Gastric emptying

Gastric emptying of the drink approximated an overall
linear pattern. The T50 was 106 ± 9.1 min. In three
subjects, GE (T50) was abnormally slow; no subject
had abnormally rapid GE.

Cardiovascular autonomic nerve function:
Autonomic nerve function (ANF) was assessed using
[25]
standardised cardiovascular reflex tests . Parasy
mpathetic function was evaluated by the variation (R-R
interval) of the heart rate during deep breathing and
the response to standing (“30:15” ratio). Sympathetic
function was assessed by the fall in systolic BP in
response to standing. Each of the results was scored
according to age-adjusted predefined criteria as 0 =
normal, 1 = borderline and 2 = abnormal for a total
maximum score of 6. A score ≥ 3 was considered
[25,28]
to indicate definite autonomic dysfunction
.
Orthostatic hypotension (OH) was defined as a
sustained reduction in systolic BP of > 20 mmHg
[29]
within 3 min of standing .

Blood pressure and heart rate

Baseline systolic BP was 116.9 ± 2.4 mmHg. Following
the drink, there was a transient modest rise, followed
by a fall, in systolic BP (P < 0.001, Figure 1A),
which was sustained until the end of the study. The
maximum fall was -18.6 ± 2.0 mmHg, occurring at t =
76.5 ± 12.8 min.
Baseline diastolic BP was 69.1 ± 1.6 mmHg.
Following the drink, there was a transient initial rise,
and then a fall, in diastolic BP (P < 0.001, Figure
1B), with a nadir between t = 30-45 min, which was
sustained until the end of the study. The maximum fall
in diastolic BP was -15.6 ± 0.9 mmHg, occurring at t =
85.9 ± 11.6 min.
Baseline heart rate was 69.5 ± 2.1 BPM. Following
the drink, there was an increase in heart rate (P <
0.001, Figure 1C), which had returned to baseline by
approximately t = 60 min. The maximum increase in
HR was 9.5 ± 0.7 BPM occurring at 75.6 ± 13.3 min.

Statistical analysis: BP and HR were assessed as
changes from baseline, whereas GE, SMA flow and
blood glucose were analysed as absolute values. The
maximum changes from baseline in BP, HR and blood
glucose were also calculated. Areas under the curve
(AUCs) were calculated for BP, HR, SMA flow and
blood glucose using the trapezoidal rule. Changes
in each variable over time were evaluated with
ANOVA. Pearson’s correlation was used to evaluate
relationships between variables. Relationships of BP,
upper gastrointestinal symptoms and glycaemia with
GE were assessed using the GE T50, given the observed
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Superior mesenteric artery blood flow

Baseline SMA flow was 565.0 ± 62.5 ml/min. Following
the drink, there was a prompt increase in SMA flow (P
< 0.001, Figure 2), which had returned to baseline by
t = 180 min. The maximum SMA flow was 1208.8 ±
123.0 mL/min, occurring at t = 54.8 ± 8.1 min.
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Figure 2 Superior mesenteric artery blood flow immediately before and
after 75 g oral glucose load in 21 patients with Parkinson’s disease. SMA:
Superior mesenteric artery.
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2

Relationships between variables

There were no significant relationships between the
changes in systolic BP, diastolic BP, HR or SMA flow at
any time point (absolute values and AUCs). The T50
was related directly to the ANF score (R = 0.55, P <
0.01, Figure 4). Upper gastrointestinal symptoms were
also related to the score for ANF (R = 0.45, P < 0.05),
but not GE.
There was an inverse relationship between the
blood glucose at t = 30 min (R = -0.52, P < 0.05,
Figure 5), while the blood glucose at t = 180 min (but
not 120 min) was related directly (R = 0.49, P < 0.05)
to the T50.
There were no significant relationships between
T50, Hoehn and Yahr score, duration of disease, or
age.

0
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90

120

150

180

t /min

Figure 1 Systolic blood pressure (A), diastolic blood pressure (B) and
heart rate (C) immediately before and after 75 g oral glucose load in 21
patients with Parkinson’s disease. BP: Blood pressure.

Blood glucose

Baseline blood glucose was 5.6 ± 0.1 mmol/L.
Following the drink, there was an increase in blood
glucose (P < 0.001, Figure 3), which had returned to
baseline by t = 180 min. The maximum blood glucose
was 10.2 ± 0.5 mmol/L, occurring at 48.9 ± 4.0 min.
Five subjects had IGT, 2 had both IFG and IGT and 1
had “marginal” diabetes (fasting and 2 h blood glucose
of 7.1 mmol/L and 11.1 mmol/L, respectively).
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DISCUSSION
Our study has quantified the GE, BP, SMA and gly
caemic responses to oral glucose in mild to moderate
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Figure 4 Relationship between gastric half emptying time (GE T50) and
autonomic nerve function score (R = 0.55, P < 0.01). ANF: Autonomic nerve
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Figure 5 Relationship between the absolute blood glucose at t = 30 min
with the gastric half emptying time (GE T50) (R = -0.52, P < 0.05).

consequences, even in apparently “asymptomatic”
[32]
patients , dictates the need for greater recognition.
We did not observe a relationship between the
magnitude of the fall in BP and GE, for which there are
a number of potential explanations. Baseline systolic
BP was in most cases “normal”, which is predictive of
[33]
a smaller postprandial fall . We have demonstrated
in healthy older subjects that the relationship between
the fall in BP and the rate of duodenal glucose delivery
is non-linear, so that a “threshold” between 1-2
kcal/min must be exceeded to elicit a hypotensive
[11]
response . In the current study, based on the T50, GE
was ≥ 2 kcal/min in only 4 subjects. Hence, it would
be appropriate to re-evaluate this hypothesis further in
a larger group of patients. The current study certainly
does not exclude the possibility that PD patients with
relatively more rapid GE are at increased risk for PPH.
There was an approximate doubling in SMA flow
following the glucose drink, as anticipated. In healthy
[34]
subjects and patients with autonomic failure ,
comparable increases in SMA flow have been ob
served, but a reduction in BP was only evident in
patients with autonomic failure, probably reflecting
[34]
inadequate sympathetic compensation . The absence
of a relationship between BP and SMA flow, may
reflect the relatively narrow distribution of the rises
in SMA flow, and modest size of the cohort. OH is a
frequent manifestation of autonomic involvement in
PD and a concordance of PPH and OH in PD has been
[8]
reported , and supported by our study.
The relationship between the initial glycaemic
response to the drink and the rate of GE in PD is
[16]
consistent with observations in health , impaired
[16,17]
[17]
glucose tolerance
, and type 2 diabetes
as
well as the effect of delayed GE on the absorption of
[2]
L-dopa in PD . It is now recognised that postprandial
glycaemic excursions are a major determinant of
overall glycaemic control in type 2 diabetes, assuming
increasing importance as glycated hemoglobin
[15]
normalises . Eight of our 21 subjects (38%) had
either impaired glucose tolerance (7 subjects) or

PD. In the majority of patients, oral glucose induced a
significant fall in systolic BP; i.e., in 16 of 21 patients
(76%), this fall was > 10 mmHg and 8 (38%) had
PPH. GE of glucose was abnormally delayed in 3
patients (14%), a prevalence lower than we anticipated
and slower in those patients with cardiovascular
autonomic neuropathy, and gastric emptying was not
accelerated in any subject. There was, however, no
relationship between the magnitude of the fall in BP
with GE. A relationship between the initial glycaemic
response to glucose with GE, comparable to that
observed in subjects without PD, was demonstrated.
The outcome of studies relating to the prevalence of
disordered GE in PD is inconsistent. We measured GE
using the “gold-standard” technique of scintigraphy and,
while a liquid, rather than a solid, “meal” was used,
the precision of solid and high-nutrient liquid meals in
[30]
the diagnosis of delayed GE appears comparable .
It should, however, be recognised that our definition
of delayed GE - a T50 that was greater than the
range observed in healthy subjects, was deliberately
stringent, so that more modest gastric motor function
cannot be excluded. The observations of a relationship
between GE and the severity of autonomic dysfunction
and the high prevalence of autonomic dysfunction are
not surprising. The pathophysiology of disordered GE
in PD is heterogeneous - alpha-synuclein aggregation,
abnormalities in the dorsal motor nucleus of the
vagus and enteric nervous system, and drugs such
[2]
as L-dopa may all be important . As with previous
studies, there was no significant relationship between
[31]
GE and the duration of PD . Patients had mild upper
gastrointestinal symptoms, possibly in part because
the majority were studied off dopaminergic therapy,
although symptoms were more common in patients
with impaired ANF.
The high prevalence of PPH is comparable to
that reported previously - 8 subjects had PPH and
the fall in systolic BP was ≥ 10 mmHg in 16 of 21
[8]
(76%) subjects . That the latter may have adverse
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Applications

“marginal” diabetes (1 subject); that the blood glucose
level at 180 min, but not 120 min, was inversely,
rather than directly, related to GE, presumably reflects
higher insulin levels achieved earlier, associated
[16]
with insulin resistance . In healthy subjects an
inverse relationship is evidence at 120 min after a
[17]
75 g oral glucose load . The recognition that GE is
a determinant of glycaemia in PD is not surprising,
but potentially important- slower GE, including that
induced by dopaminergic therapy, would potentially be
advantageous in optimising glycaemic control in type
2 patients with PD. Interestingly, GLP-1 agonists, such
as exenatide BD which are undergoing evaluation of
[21]
their efficacy in the management of PD , diminish
postprandial glycaemic excursions primarily by slowing
[35]
GE .
In interpreting our observations, it should be
recognised that 3 subjects did not withdraw their
medication, which may represent a cofounder. We
also did not include a control (water) drink because
of potential ethical concerns. A normal range for GE
allowed the prevalence of disordered GE in PD to be
determined - a formal control group was not included
because the focus of the present study was on
relationships between variables within the Parkinson’s
group. As discussed, one subject had diabetes, based
on fasting and 2 h blood glucose, but these levels were
only marginally above the diagnostic cut-offs and this
subject was not excluded.
In conclusion, in this unselected population of
patients with mild to moderate PD, GE was delayed
in only a minority, oral glucose induced a substantial
reduction in BP, as well as rises in SMA flow and blood
glucose, and GE was an important determinant of the
glycaemic, but not the BP, response.

The recognition that gastric emptying is a determinant of glycaemia is of
importance to the management of glycaemic control in patients with PD who have
type 2 diabetes. The authors identified a high prevalence of postprandial
hypotension in this population, and given the substantial adverse sequale
associated with this condition, this represents an important consideration in the
management of PD with likely autonomic involvement.

Terminology

Postprandial hypotension, a fall in systolic blood pressure > 20 mmHg occurring
within two hours of a “meal”.
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Abstract

Institutional review board statement: The study was reviewed
and approved by The First Affiliated Hospital of Nanjing Medical
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AIM: To investigate the influence of phosphati
dylinositol-3-kinase protein kinase B (PI3K/AKT)-HIF1α signaling pathway on glycolysis in esophageal
carcinoma cells under hypoxia.

Conflict-of-interest statement: To the best of our knowledge,
no conflict of interest exists.

METHODS: Esophageal carcinoma cell lines Eca109
and TE13 were cultured under hypoxia environment,
and the protein, mRNA and activity levels of hypoxia
inducible factor-1 alpha (HIF-1α), glucose transporter
1, hexokinase-Ⅱ, phosphofructokinase 2 and lactate
dehydrogenase-A were determined. Supernatant lactic
acid concentrations were also detected. The PI3K/AKT
signaling pathway was then inhibited with wortmannin,
and the effects of hypoxia on the expression or activities
of HIF-1α, associated glycolytic enzymes and lactic acid
concentrations were observed. Esophageal carcinoma
cells were then transfected with interference plasmid
with HIF-1α-targeting siRNA to assess impact of the high
expression of HIF-1α on glycolysis.

Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
zhuhong1059@126.com. Participants gave informed consent for
data sharing. No additional data are available.
Open-Access: This article is an open-access article which was
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which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: HIF-1α is highly expressed in the esophageal
carcinoma cell lines tested, and with decreasing levels
of oxygen, the expression of HIF-1α and the associated
glycolytic enzymes and the extracellular lactic acid
concentration were enhanced in the esophageal
carcinoma cell lines Eca109 and TE13. In both normoxia
and hypoxic conditions, the level of glycolytic enzymes
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[4]

pathway of tumor cells . The PI3K/AKT signaling
pathway widely exists in cells, and it is involved in cell
growth, proliferation, differentiation and regulatory
signal transduction pathways. The pathway is also
one of the most closely regulated pathways in cancer
cells influencing glucose metabolism, in addition to its
[5-7]
participation in the regulation of HIF-1α expression .
Therefore, we hypothesized that the PI3K/AKT pathway
and HIF-1α may play a key role in the synergistic effect
of hypoxia and the Warburg effect.

and the secretion of lactic acid were both reduced by
wortmannin. The expression and activities of glycolytic
enzymes and the lactic acid concentration in cells were
reduced by inhibiting HIF-1α, especially the decreasing
level of glycolysis was significant under hypoxic
conditions.
CONCLUSION: The PI3K/AKT pathway and HIF-1α are
both involved in the process of glycolysis in esophageal
cancer cells.
Key words: Hypoxia-inducible factor-1 alpha; Hypoxia;
Glycolysis; Esophageal neoplasms; Cell metabolism

MATERIALS AND METHODS
Materials

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Human esophageal carcinoma cell lines TE13 and
Eca109 were purchased from the Shanghai Institute
of Biochemistry and Cell Biology (Shanghai, China).
Interference plasmid with HIF-1α-targeting siRNA was
manufactured by the Kejira Corporation (Shanghai,
China). Competent E. coli TOP10 cells were bought from
the Bordi Corporation (Nanjing, China). The antibodies
for HIF-1α, AKT, glucose transporter-1 (GLUT-1), lactate
dehydrogenase-A (LDHA) and the secondary antibodies
were obtained from Santa Cruz Biotechnology. The
antibodies for HK-Ⅱ and p-AKT were obtained from
Cell Signaling Technology. The GAPDH antibody
was purchased from Bioworld. The Takara reverse
transcription kit, the SYBR Green quantitative PCR
kit, TRIzol and all the primers were obtained from the
Shanghai to Betting Biotechnology Co., Ltd. A hypoxic
incubator was purchased from Sanyo.

Core tip: Fluorescence analysis, spectrophotometry,
real-time PCR, Western blot and siRNA interference
technology were used to investigate the influence of
phosphatidylinositol-3-kinase protein kinase B-HIF1α signaling pathway on glycolysis under hypoxia
in esophageal carcinoma cells. The results obtained
provide experimental evidence for the mechanism of
glycolysis enhanced by hypoxia.
Zeng L, Zhou HY, Tang NN, Zhang WF, He GJ, Hao B, Feng
YD, Zhu H. Wortmannin influences hypoxia-inducible factor-1
alpha expression and glycolysis in esophageal carcinoma cells.
World J Gastroenterol 2016; 22(20): 4868-4880 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i20/4868.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i20.4868

Cell lines

Esophageal carcinoma cell lines TE13 and Eca109
5
(2 × 10 cells/well) maintained in DMEM with 10%
fetal bovine serum were covered with serum-free
medium when the cells grew to 60% confluency and
starved for 24 h. Three groups of adherent cells in the
logarithmic growth phase were placed into the hypoxia
incubator (5% CO2, 1% O2 and 94% N2), and the
cells were incubated for 6 h, 12 h, 24 h and 48 h. A
corresponding blank control was also set up.

INTRODUCTION
Esophageal cancer, as one of the most common
malignant tumors in China with a poor prognosis, is
characterized by fast invasion and early metastasis
with chemotherapy and radiotherapy tolerance.
Previous studies have confirmed that tumor hypoxia
is an important factor leading to radiotherapy and
chemotherapy resistance and that it promotes tumor
invasion and metastasis and affects cell energy
[1,2]
metabolism
. Tumor cells always prefer aerobic
glycolysis metabolism to obtain energy, and this
[3]
preference was named Warburg effect . It enhances
the ability of tumor cells to metabolize glucose to
provide energy sources for their rapid proliferation and
growth as well as help with their hypoxia tolerance.
Synergies between tumor tissue hypoxia and the
Warburg effect may play an important role in the
promotion of tumor metastasis and resistance to
chemotherapy.
Hypoxia-inducible factor-1 alpha (HIF-1α) is known
as a key regulatory factor of tissue adaptation under
hypoxia. It is highly expressed in most tumors and
metastases and is inseparable from the glycolytic

WJG|www.wjgnet.com

Cell transfection and colony selection

Two pairs of HIF-1α-siRNA oligonucleotide fragments
were designed and synthesized according to the human
HIF-1α gene sequence (GenBank No. NM001530).
The sequences were 5’-GATCCCGAGGAAGAACTAT
GAACATAATTCAAGAGATTATGTTCATAGTTCTTCCTCT
TTTTGGAT-3’ (sense strand) and 5’-AGCTATCCAA
AAAGAGGAAGAACTATGAACATAATCTCTTGAATTATG
TTCATAGTTCTTCCTCGG-3’ (antisense strand) for
sequence one, and 5’-GATCCCGACTGATGACCAGCAAC
TTGATTCAAGAGATCAAGTTGCTGGTCATCAGTCTTTTT
GGAT-3’ (sense strand) and 5’-AGCTATCCAAAAAGACTG
ATG A C C A G C A A C TTG ATC TC TTG A ATC A A G TTG
CTGGTCATCAGTCGG-3’ (antisense strand) for sequence
two.
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To construct a plasmid on the basis of the pGCsi
vector manual, TOP10 cells were amplified and
agarose gel electrophoresis was performed to acquire
the plasmids, which were named pGCsi-HIF-1 and
pGCsi-HIF-2. They were routinely used to transfect
the cell lines Eca109 and TE13. The cell transfection
efficiencies were determined based on the green
fluorescence as detected by fluorescence microscopy,
and finally, the pGCsi-HIF-1 plasmid was selected
as the follow-up interference plasmid. The plasmid
pGCsi-HIF-1 and its negative control plasmids were
transfected. The cell clones were batched and picked
after four weeks. The results of RT-PCR and Western
blot were combined. The plasmid pGCsi-HIF-1 and
corresponding negative control plasmids were named
TE13/shRNA, TE13/Neo, Eca109/shRNA and Eca109/
Neo.

concentration of lactic acid in the supernatant of the
nutrient solution.

Statistical analysis

Statistical analyses were performed using SPSS 18.0
software. Gray value analysis was performed with
Tanon Gis software, and the ratio of the target band
to the internal reference band represented the protein
expression levels of the target gene. The differences in
the expression of HIF-1α and the associated glycolytic
enzymes, the activities of HK and LDH and the lactic
acid concentration among the multiple groups were
analyzed using an F test, and indicators between the
two groups were compared using Student’s t-test or
t-test. P < 0.05 was considered statistically significant.

RESULTS

Drug effectiveness

Influence of oxygen concentration on the protein levels
of HIF-1α and the associated glycolytic enzymes in
esophageal cancer cells

Wortmannin at an experimental concentration of
2 μmol/L was incubated with the cells in a hypoxia
incubator (1% O2) for 12 h and the control group was
cultured for the same time under normoxia.

Under hypoxic condition (1% O 2), the protein
expression of HIF-1α in esophageal carcinoma cell
lines increased gradually with time. After 12 h of
hypoxia, its expression peaked and then maintained a
high level. Then, it began to decrease after 48 h. The
protein expression of GLUT-1 and HK-Ⅱ also elevated
gradually after incubation under hypoxic conditions
and reached its peak at a time between 12 and 24 h,
whereas the protein change of LDHA did not follow a
similar trend (Figure 1).

Western blot analysis

Western blot analysis was performed to detect the
protein expression of HIF-1α and the associated
glycolysis genes. The proteins were conventionally
extracted, transferred to membranes and incubated.
The corresponding primary antibody concentrations
were as follows: HIF-1α (1:500), HK-Ⅱ (1:1000),
GLUT-1 (1:200), LDHA (1:200) and β-actin (1:4000).
The secondary antibodies conjugated with HRP were
goat anti-mouse (1:4000), goat anti-rabbit (1:4000)
and rabbit anti-goat (1:5000). The signal was
developed using ECL chemiluminescence.

Influence of oxygen concentration on the lactic acid
concentration in the supernatant of esophageal
carcinoma cells

The lactic acid concentration in the supernatant of
the cells increased in an upward trend with lower
oxygen concentrations. When the culture time for the
esophageal carcinoma cell lines (TE13 and Eca109)
under hypoxia was extended for 6-48 h, the lactic acid
concentration peaked at 12 h and was then maintained
at that level or decreased slightly (Figure 2).

Quantitative real-time PCR

To extract and purify the total RNA, TRIzol-blue
reagent was used to extract the cells pretreated in
each group according to the instructions of the TRIzol
Kit. Then, 1 μg of total RNA was reverse transcribed
TM
with the RevertAid First Strand cDNA Synthesis Kit.
The mRNA levels were determined by qRT-PCR using
the Bio-Rad MJ Mini Opticon.

Effect of wortmannin on the mRNA expression of
glycolytic enzymes in esophageal carcinoma cells

mRNA expression: Compared with a normoxic
environment, the mRNA expression of HIF-1α and HKⅡ under hypoxic conditions increased significantly in
the esophageal carcinoma cell lines Eca109 and TE13.
In both normoxic and hypoxic conditions, the mRNA
expression of the enzymes in the group pretreated
with wortmannin decreased slightly compared with
that in the group without pretreatment (P < 0.05),
but the differences among each group for GLUT-1 and
LDHA at the mRNA level were not significant (P > 0.05)
(Figure 3).

Activities of enzymes
5

The cells (5 × 10 cells/well) were washed twice in PBS
and 500 μL of PBA was added after trypsin digestion.
Sonication and centrifugation (10000 r/min) for 10 min
were used to acquire the supernatant, and then the
activities of LDH and HK were detected by colorimetry
according to the kit instructions.

Spectrophotometry

Spectrophotometry was performed to detect the

WJG|www.wjgnet.com

4870

May 28, 2016|Volume 22|Issue 20|

Zeng L et al . Wortmannin inhibits glycolysis in EC cells

A
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Normoxia
6h
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HIF-1α

120 kDa

HK-Ⅱ

102 kDa

GLUT-1

54 kDa

LDHA

37 kDa

β-actin

43 kDa

B

Hypoxia

Normoxia
6h

12 h

24 h

48 h

HIF-1α

120 kDa

HK-Ⅱ

102 kDa

GLUT-1

54 kDa

LDHA

37 kDa

β-actin

43 kDa

Figure 1 expression of hypoxia inducible factor-1 alpha and glycolysis enzymes at different time points of hypoxia in Eca109 cells (A) or in TE13 cells (b).
HIF-1α: hypoxia inducible factor-1 alpha; HK- Ⅱ: hexokinase Ⅱ; GLUT-1: glucose transporter-1; LDHA: lactate dehydrogenase-A.

Protein expression: Compared with groups not
pretreated with wortmannin, the protein expression
of HIF-1α in the pretreated esophageal carcinoma cell
lines Eca109 and TE13 incubated under normoxic and
hypoxic conditions was inhibited markedly (P < 0.05),
and the protein expression of the hypoxic group was
higher than that of the normoxic group (P < 0.01).
Because the expression of HIF-1α was repressed most
when a culture time of 12 h was used, we chose that
time for the subsequent experiments.
The protein expression of HK-Ⅱ and GLUT-1 under
normoxia or hypoxia in the groups pretreated with
wortmannin was significantly reduced compared with
those groups not pretreated (P < 0.05 between each
of the groups). In the condition of hypoxia, the protein
expression of LDHA among each group increased
compared with the normal oxygen environment (P
< 0.05). However, the difference between the group
pretreated with wortmannin and the group not
pretreated was not statistically significant (P > 0.05)
(Figure 4).

esophageal carcinoma cell lines Eca109 and TE13
incubated for 12 h under normoxia and hypoxia, we
found that the activities of LDH and HK in the groups
pretreated with wortmannin all obviously declined
compared with those in the group without pretreatment
(P < 0.05) (Figure 5A). In the normoxic and hypoxic
environments, the lactic acid concentrations in the
pretreated group decreased markedly compared with
those in the group without pretreatment (P < 0.05)
(Figure 5B).

Impact on the mRNA expression of glycolytic enzymes
after inhibiting the expression of HIF-1α in esophageal
carcinoma cells

mRNA expression: Compared with the esophageal
carcinoma cells of the untransfected group and the
empty vector group, the mRNA expression of GLUT-1
and HK-Ⅱ in the Eca109/siRNA group obviously
decreased (P < 0.05) (Figure 6). However, the decline
in the mRNA expression of LDHA was too small to be
significant. The expression of the associated genes in the
untransfected group and the empty vector group under
hypoxia were enhanced slightly, and the difference was
considered statistically significant (P < 0.05).

Enzyme activities and lactic acid concentration

By detecting the activities of LDH and HK-Ⅱ in the
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A

Lactate levels of nutrient solution of Eca109 in different oxygen concentration and hypoxia time
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B

Lactate levels of nutrient solution of TE13 in different oxygen concentration and hypoxia time
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Figure 2 lactic levels in culture medium of Eca109 cells (A) or TE13 cells (B) in different oxygen environments and at different time points as revealed by
photocolorimetric method.

Protein expression: Compared with the TE13 and
Eca109 groups, the protein expression of HIF-1α
in the TE13/siRNA and Eca109/siRNA groups were
clearly reduced, and hypoxia could not correct this
phenomenon. Regardless of the oxygen concentration
used for culturing, the expression of GLUT-1 and HKⅡ at the protein level in the TE13/siRNA and Eca109/
siRNA groups was obviously weaker than that in the
control group (P < 0.05). However, the expression
of LDHA in the group of TE13 and Eca109 under
hypoxia was up-regulated significantly compared
with that of the normal oxygen group (P < 0.05), but
mildly declined after inhibiting HIF-1α compared to
the cells that were not silenced. The results were not
statistically significant (P > 0.05) (Figure 7).

untransfected group in the normoxia and hypoxia
environments, the lactic acid concentrations in the
Eca109/siRNA and TE13/siRNA groups were clearly
reduced (P < 0.05) (Table 1).

DISCUSSION
Hypoxia is one of the basic characteristics of solid
tumor microenvironments. On one hand, hypoxia
results from the increase in oxygen consumption
caused by the rapid proliferation of malignant tumors.
On the other hand, the abnormality of the vascular
structure and function of tumors leads to a decrease in
the blood and oxygen supply, which could also be an
important factor further adding to the risk of hypoxia
[8-10]
3
in tumors
. When tumor size is greater than 1 mm ,
there were a considerable number of tumor cells in
a hypoxic state. Hypoxia in tumors is not only the
consequence of pathophysiology but also an important
initiating factor of malignant transformation and even
metastasis in the development of tumors. Research
has confirmed that hypoxia can promote oncogenes to
produce functionally acquired mutations to cause high
expression of the gene itself. It has also been found

Enzymatic activities and lactic acid concentration

The activities of LDH and HK-Ⅱ under normoxia or
hypoxia in the Eca109/siRNA and TE13/siRNA groups
obviously decreased compared with those of the
untransfected and empty vector groups (P < 0.05), and
the activities of the enzymes under hypoxia increased
slightly in the untransfected and empty vector groups
(P > 0.05) (Figure 8). Moreover, compared with the

WJG|www.wjgnet.com

4872

May 28, 2016|Volume 22|Issue 20|

Zeng L et al . Wortmannin inhibits glycolysis in EC cells

Normalized flod expression

A

Gene expression in Eca109 cells

3.5

N
H

3.0

N+W

2.5

H+W

2.0
1.5
1.0
0.5
0.0
HIF-1a

Normalized flod expression

B

HK-Ⅱ

GLUT-1

LDHA

Gene expression in TE13 cells

2.0

N
H
N+W

1.5

H+W

1.0

0.5

0.0
HIF-1a

HK-Ⅱ

GLUT-1

LDHA

Figure 3 Quantitative real-time PCR analysis of the gene expression of hypoxia inducible factor-1 alpha and glycolysis (n = 3). HIF-1α: hypoxia inducible
factor-1 alpha; HK- Ⅱ: hexokinase Ⅱ; GLUT-1: glucose transporter-1; LDHA: lactate dehydrogenase-A.
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Figure 4 Effect of wortmannin on hypoxia inducible factor-1 alpha and glycolysis protein in Eca109 cells (n = 3) (A) and in TE13 cells (b) (n = 3). HIF-1α:
hypoxia inducible factor-1 alpha; HIF-1α: hypoxia inducible factor-1 alpha; HK-Ⅱ: hexokinase Ⅱ; GLUT-1: glucose transporter-1; LDHA: lactate dehydrogenase-A.
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Figure 5 Spectrophotometry analysis of the activities of lactate dehydrogenase and hexokinase (n = 3) (a) or the supernatant lactic acid concentration in
nutrient solution (n = 3) (b). HK: hexokinase; LDH: lactate dehydrogenase.
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Figure 6 mRNA expression of glycolysis enzymes after hypoxia inducible factor-1 alpha inhibition (n = 3). 1: Eca109; 2: Eca109/neo; 3: Eca109/siRNA. HIF1α: hypoxia inducible factor-1 alpha; HK- Ⅱ: hexokinase Ⅱ; GLUT-1: glucose transporter-1; LDHA: lactate dehydrogenase-A.

that the corresponding proteins, apart from the tumor
suppressor genes, have functionally lacking mutations
that down-regulate the expression of genes or weaken
the activities of products. In addition, hypoxia can also
promote the functionally lacking mutations of the gene
associated with DNA repair to improve the mutation
frequency of oncogenes and tumor suppressor genes;
thus, it is involved in malignant transformations in
[11,12]
tumor genesis
. Furthermore, hypoxia participates
in the processes of invasion, metastasis, angiogenesis,
immune evasion, and radiotherapy and chemotherapy
[13,14]
resistance to affect prognosis
. Most normal tissues
always use aerobic oxidation for energy metabolism in

WJG|www.wjgnet.com

an anaerobic environment, and the glycolytic pathway
started to mobilize only when the oxygen supply was
insufficient. However, tumor cells prefer glycolysis to
gain energy to meet their needs, regardless of the
oxygen condition, which is known as the Warburg
[3]
effect . It is more convenient for tumor cells to gain
energy for metabolism and survive under hypoxic
conditions, which helps in the acquisition of hypoxia
tolerance. The radiotherapy and chemotherapy
resistance caused by low metabolic rates during
hypoxia helps some tumor cells survive, which could
[15]
be a source of tumor recurrence .
HIF-1 is a transcription factor that widely exists in
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Figure 7 protein expression of glycolysis enzymes. A: in Eca109 cells after HIF-1α inhibition (n = 3). N: Eca109 + 19% O2; N + iRNA: Eca109/siRNA + 19%
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dehydrogenase-A.
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Figure 8 Western blot analysis of the activities of glycolysis enzymes after hypoxia inducible factor-1 alpha inhibition. HIF-1α: hypoxia inducible factor-1
alpha; HK- Ⅱ: hexokinase Ⅱ; GLUT-1: glucose transporter-1; LDHA: lactate dehydrogenase-A.

elevated. However, there was no obvious change in
MDA-mb-435, which suggested that the enhanced
glycolysis in tumor cells was not caused by a single
factor and that the environment and other factors
[19]
were also involved in the process . Renal carcinoma
cell line RCC4, which has high expression of HIF-1α,
was chosen for study because of its lack of the Von
Hippel-Lindau gene (vH-L gene), which resulted in the
blocked degradation of HIF-1α. In contrast with the
level of glycolysis in normoxia and hypoxia conditions,
no significant differences between these two conditions
were found, but the level of glycolysis under normoxic
conditions obviously decreased and increased clearly
under hypoxic condition after restoring the regulatory
ability of HIF-1α through the transfection of the
[20]
vH-L gene in the RCC4 cell line . It prompted the
idea that the added HIF-1α protein accumulated or
abnormally induced in cells might be the main factor
in the regulatory process of glycolysis in tumor cells,
and blocking HIF-1α might be an effective means of
suppressing the glycolytic pathway in tumor cells.
Research has shown that most tumor tissues and
their metastases have high expression of HIF-1α,
and this is closely related to the glycolytic pathway of
[4]
tumor cells . We also confirmed the high expression
of HIF-1α in esophageal cancer tissues in our previous
[21,22]
studies
. To define the influence of hypoxia on
the glycolytic level of esophageal carcinoma cells, we
observed the changes in the expression of HIF-1α,
the associated glycolytic proteins, such as GLUT-1,
HK-Ⅱ, and LDHA, and the lactic acid content under
different oxygen concentrations. The results showed
that the expression of the proteins and the lactic
acid concentration changed obviously under hypoxic
conditions, and this suggests that the external oxygen
concentration plays a regulatory role in glycolysis of
esophageal carcinoma cells. Although there was a
high glycolysis level under normal oxygen pressure
in esophageal tumors, the glycolytic level could be
further enhanced with a decrease in the external
oxygen concentration. The enhanced glycolysis caused
by hypoxia and the change in the genetic signaling

Table 1 The changes of supernatant lactic acid concentrations
after restraining the expression of hypoxia inducible factor-1
alpha (n = 3)
TE13
TE13

TE13/siRNA

Eca109
Eca109

Eca109/siRNA

A (19% O2) 3.333 ± 0.833 1.933 ± 0.569c 4.867 ± 0.551 1.367 ± 0.346c
B (1% O2)
6.433 ± 1.059a 1.567 ± 0.416 8.067 ± 1.160a 1.767 ± 1.242a
a

P < 0.05, vs group A; cP < 0.05, vs non-interference group.

mammals and humans under hypoxic conditions and
is a key player in the body’s ability to adapt to hypoxia
by promoting the expression of hypoxia-induced genes
to elicit the specific response to hypoxia of tissues.
HIF-1 consisted of HIF-1α and HIF-1β subunits. HIF1α is not only peculiar to HIF-1 but also the oxygen
regulator unit. The hypoxia-inducible genes regulated
by HIF are involved in angiogenesis, erythropoiesis,
energy metabolism, apoptosis, proliferation and
other cellular processes. Previous studies have found
that the related glycolytic genes regulated by HIF-1
include the GLUT-1, lactate dehydrogenase A (LDHA),
phosphofructokinase 2 (PFK2), aldolase A, enolase
1, phosphoglycerate kinase 1 and glyceraldehyde3-phosphate dehydrogenase coding genes. HIF-1
induced the expression of the above genes to enhance
glycolysis to meet the needs of energy metabolism
when the process of oxidative phosphorylation was
[16-18]
inhibited by the condition of hypoxia
.
The role of external hypoxia in initiating glycolysis
and promoting its progression in tumor cells was
previously uncertain. Past studies have investigated
breast cancer cell lines MDA-mb-4 and MCF-7, which
are highly and lowly malignant, respectively, cultured
under normal oxygen conditions and found that the
expression of HIF-1α and glycolytic enzymes and
the level of glycolysis in MDA-mb-4 were greater in
strength than those of MCF-7. Moreover, it is interesting
that compared with the expression in normoxic envi
ronments, the expression of the genes in the breast
cancer cell line MCF-7 under hypoxia was markedly
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pathways by itself both evolved to the advantages of
the Warburg effect. However, experiments also showed
that HIF-1α and the associated glycolytic proteins, such
as GLUT-1, HK-Ⅱ and LDHA, had a certain correlation in
the enhanced process of glycolysis induced by hypoxia
and played an important role in the pathophysiological
mechanisms of promoting glycolysis, which was
found to be enhanced in esophageal carcinoma cells.
In addition to the involvement of glucose transport
and glycolysis, the relevant proteins of glycolysis in
tumor cells also included the glycolysis products, such
as carbonic anhydrase (CA) and monocarboxylate
transporters (MCTs). Studies have already confirmed
that the CAIX and MCT4 gene promoter sequences are
the binding sites for HIF-1α, which can promote the
transmembrane transport of lactic acid and hydrogen
ions by enhancing the expression and activity of
CAIX and MCT4 and ensure the smooth progress of
[23-26]
glycolysis
. This finding suggests that HIF-1α, as a
key factor in the process of regulating tumor glycolysis,
may be involved in the enhanced glycolysis process
of tumor cells through glucose transport, glycolysis
activation and lactic acid transport.
To further confirm the impact of the high expression
of HIF-1α on the process of glycolysis in esophageal
tumors, we inhibited HIF-1α successfully in the cell lines
Eca109 and TE13 using siRNA interference technology
to observe the changes in the lactic acid concentration
and the expression of the related glycolytic enzymes
in the extracellular nutrient solution under different
oxygen concentrations. The results showed that the
mRNA and protein expression of GLUT-1 and HKⅡ was down-regulated, and the lactic acid secretion
reduced significantly, which was consistent with
the trends found when HIF-1α was restrained, and
compared with the control group under hypoxia,
the expression was still at a low level, although the
expression increased mildly when cultured under
hypoxia. Thus, we speculate that the regulation of HIF1α in the glycolysis of esophageal carcinomas depends
on the activation of its downstream glycolytic enzymes.
However, it is worth noting that the protein expression
of LDHA changed slightly when HIF-1α was inhibited,
and it also suggests that the regulation of LDHA was
not only confined within the role of HIF-1α. When
integrated with the literature, the regulation of glucose
metabolism in tumors should be the consequence of
a combination of multiple factors and multi-links with
hypoxia. It also may be that HIF-1α is in a prominent
position in the regulatory process, but not all of the
glycolysis in esophageal cancers results from this single
factor.
The PI3K/AKT signaling pathway is currently at
tracting much attention in cancer research, and it has
been found that PI3K/AKT signaling is disordered in
most human tumors and has been closely associated
with proliferation, apoptosis, angiogenesis, invasion,
metastasis, chemotherapy and radiotherapy resistance.

WJG|www.wjgnet.com

The pathway plays an important role in adapting
to the hypoxia environment and participates in the
regulation of the HIF-1α singling pathway. A previous
study reported that epidermal growth factor (EGF),
fibroblast growth factor 2 and insulin-like growth factor
1 could induce the protein expression of HIF-1α by
activating the PI3K/AKT signaling pathway and the
corresponding tyrosine kinase receptors under normal
[7]
oxygen pressure . The mechanism of hypoxia tolerance
activated by the PI3K/AKT pathway is widespread
in mammalian cells, where HIF-1α exerts a critical
[27]
intermediary role .
Based on the speculation that the PI3K/AKT
signaling pathway might affect glycolysis in esophageal
cancer cells, wortmannin, a specific ATP uncompetitive
irreversible inhibitor of PI3K, with a half inhibitory
concentration of 0.004 microns, was first extracted
from the fungus Penicillium wortmannin in 1957. This
compound was used to block the PI3K/AKT signaling
pathway in the cell lines Eca109 and TE13. Wortmannin
binds to PI3K gamma and causes the irreversible
modification of lysine 833, while is the active site of
[28]
PI3K . Wortmannin at high concentrations also had
different inhibitory effects on the PIKK family, such
[29,30]
as mTOR, DNA-PK, ATM and ATR
. The results
confirmed that the glycolytic level in esophageal cancer
cells declined once the PI3K pathway was inhibited,
regardless of whether the external oxygen supply
was sufficient or not, and it was accompanied by a
decrease in the expression of HIF-1α and the associated
glycolytic proteins. This was not corrected effectively
by culturing under hypoxia. Moreover, we found that
the influence of wortmannin on the protein expression
of the enzymes of glycolysis was different; the protein
expression of GLUT-1 was down-regulated, whereas
the mRNA expression did not change much by using
wortmannin, which suggests that the regulatory effect
of wortmannin on GLUT-1 might act at the protein level.
In addition, the results also showed that the activities
of HK-Ⅱ and LDH in cells and the secretion of lactic acid
were restrained by adding wortmannin, and it could be
elevated at different levels after treatment with hypoxia.
Therefore, we surmise that the impact of the PI3K/AKT
signaling pathway on glycolysis in esophageal tumors
involves multiple steps and many factors, including the
expression of key protein factors and the regulation of
activities of different glycolytic enzymes. This suggests
that the PI3K/AKT signaling pathway is involved into the
process of glycolysis in esophageal carcinoma.
In summary, the level of glycolysis in esophageal
carcinomas could be affected by hypoxic environment
and is closely associated with the expression of HIF1α. The PI3K/AKT pathway and HIF-1α are both
involved in glycolysis in esophageal cancer cells, and
LDHA, HK-Ⅱ and GLUT-1 might cause downstream
effects. The regulation of glycolysis under hypoxic
conditions could be achieved by activating the PI3K/
AKT pathway through EGF and HIF-1α, and the ex
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pression level of glycolysis decreased markedly when
the PI3K/AKT pathway was inhibited, which may be
of potential therapeutic value in the future. This study
will contribute to an effective treatment strategy for
tumor cells under hypoxic environments and provide
strong evidence and new thoughts on the diagnosis
and treatment of cancers. It also provides direction
on the development of new antitumor drugs and thus
gives more reasonable and individualized therapeutic
schedules to cancer patients in the clinic.
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AIM: To investigate the expression of miR-29a in rat
acute pancreatitis and its functional role in AR42J cell
apoptosis.
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of, the manuscript entitled “miR-29a up-regulation in the AR42J
cells contributes to apoptosis via targeting the TNFRSF1A gene”.

METHODS: Twelve SD rats were divided into a control
group and an acute edematous pancreatitis (AEP) group
randomly. AEP was induced by intraperitoneal injection
of L-arginine (150 mg/kg) in the AEP group and equal
volume of 0.9% NaCl was injected in the control
group. The apoptosis of acinar cells in pancreatic
tissue was determined by TUNEL assay. miRNA chip
assay was performed to examine the expression of
miRNAs in two groups. Besides, to further explore the
role of miR-29a in apoptosis in vitro , recombinant rat
TNF-α (50 ng/mL) was administered to treat the rat
pancreatic acinar cell line AR42J for inducing AR42J cell
apoptosis. Quantitative real-time PCR (qRT-PCR) was
adopted to measure miR-29a expression. Then, miRNA
mimic, miRNA antisense oligonucleotide (AMO) and
control vector were used to transfect AR42J cells. The
expression of miR-29a was confirmed by qRT-PCR and
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the apoptosis rate of AR42J cells was detected by flow
cytometry analysis. Western blot was used to detect
the expression of activated caspase3. Moreover, we
used bioinformatics software and luciferase assay to
test whether TNFRSF1A was the target gene of miR29a. After transfection, qRT-PCR and Western blot was
used to detect the expression of TNFRSF1A in AR42J
cells after transfection.

http://www.wjgnet.com/1007-9327/full/v22/i20/4881.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i20.4881

INTRODUCTION
Tumor necrosis factor (TNF)-α is a pleiotropic cytokine
that plays a crucial role in angiogenesis, inflammation,
[1]
proliferation and apoptotic cell death . TNF-α is
involved in the development of pancreatitis, and
mediates apoptosis in acinar cell suspensions in vitro
as well as in an in vivo model of pancreatitis. Pancreatic
[2]
acinar cells produce, release, and respond to TNF-α ,
which acts by binding to its two receptors, TNF-R1
and TNF-R2, on the cell surface. TNF-R1, which is the
major signaling receptor for TNF-α, is expressed on all
cell types. Both soluble and membrane-bound forms of
the cytokine can activate TNFR1. The binding of TNF to
TNFR1 results in immediate nuclear factor-κB (NF-κB)
[3,4]
activation and subsequent apoptosis .
MicroRNAs (miRNAs) are short non-coding RNAs
involved in multiple cellular processes including de
velopment, proliferation, differentiation, apoptosis
[5]
and metabolism . Most studies on miRNAs have
focused on the repression of their target genes by
binding to complementary sites, causing target mRNAs
[6-9]
degradation and/or translational repression . In recent
years, it had been demonstrated that miRNAs could upregulate the expression of their target genes. Vasudevan
[10]
et al
demonstrated that human miRNA369-3 directs
association of the proteins with AREs (AU-rich elements)
to activate translation, while let-7 and the synthetic
miRNA miRNAcxcr4 induced upregulation of target
genes. miR-29a has been extensively demonstrated
[11-15]
to play an important role in apoptosis
. Using
miRNA microarray analysis, we found that miR-29a
was elevated in a rat model of AEP in vivo. TNFRSF1A,
which encodes the TNFR1 protein, was predicted to
be the target gene of miR-29a with the aid of three
online programs (TargetScan, miRanda and TarBase).
Our results demonstrated that miR-29a is elevated
significantly in AEP in vivo. The rate of apoptosis and
TNFRSF1A expression increased significantly in AR42J
cells following upregulation of miR-29a expression.

RESULTS: The expression of miR-29a was much higher
in the AEP group compared with the control group
as displayed by the miRNA chip assay. After inducing
apoptosis of AR42J cells in vitro , the expression of miR29a was significantly increased by 1.49 ± 0.04 times
in comparison with the control group. As revealed by
qRT-PCR assay, the expression of miR-29a was 2.68 ±
0.56 times higher in the miR-29a mimic group relative
to the control vector group, accompanied with an
obviously increased acinar cell apoptosis rate (42.83
± 1.25 vs 24.97 ± 0.15, P < 0.05). Moreover, the
expression of miR-29a in the miRNA AMO group was
0.46 ± 0.05 times lower than the control vector group,
and the cell apoptosis rate was much lower accordingly
(17.27 ± 1.36 vs 24.97 ± 0.15, P < 0.05). The results
of bioinformatics software and luciferase assay showed
that TNFRSF1A might be a target gene of miR-29a.
TNFRSF1A expression was up-regulated in the miR-29a
mimic group, while the miR-29a AMO group showed
the reverse trend.
CONCLUSION: miR-29a might promote the apoptosis
of AR42J cells via up-regulating the expression of its
target gene TNFRSF1A .
Key words: Acute edematous pancreatitis; miR-29a;
Apoptosis; AR42J; Target gene; TNFRSF1A
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Apoptosis is a self-protection mechanism in
acute pancreatitis. miRNAs are short non-coding RNAs
and play important roles in regulating gene expression
in multiple cellular processes, such as apoptosis. Here,
our group studied the role of miR-29a in pancreatic
acinar cell apoptosis. The pancreatic acinar cells
showed a tendency to apoptosis when the expression
of miR-29a elevated, while the apoptosis rate exhibited
the opposite trend by down-regulating the expression
of miR-29a. Moreover, we found TNFRSF1A, which
encode TNFR1 protein, was a target gene of miR29a. Our results demonstrated that miR-29a could
promote the apoptosis of pancreatic acinar cells via upregulating the expression of TNFRSF1A gene in acute
pancreatitis.

MATERIALS AND METHODS
Animal care

All animal experiments were approved by the Animal
Research Ethics Committee of People’s Hospital of
Zhengzhou University, Zhengzhou, China. Surgery was
performed under chloral hydrate anesthesia and all
efforts were made to minimize animal suffering.

In vivo AEP model

Fu Q, Qin T, Chen L, Liu CJ, Zhang X, Wang YZ, Hu MX,
Chu HY, Zhang HW. miR-29a up-regulation in AR42J cells
contributes to apoptosis via targeting TNFRSF1A gene. World J
Gastroenterol 2016; 22(20): 4881-4890 Available from: URL:

WJG|www.wjgnet.com

Twelve male SD rats (250-300 g) were divided
into two groups randomly (n = 6). All rats were
anesthetized with 10% chloral hydrate (300 mg/kg,
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Table 1 Sequences of miR-29a mimic and antisense oligonucleotide
Base sequence
miR-29a mimic ACCCCTTAGAGGATGACTGATTTCTTTTGGTGTTCAGAGTCAATAGAATTTTCTAGCACCATCTGAAATCGGTTATAATGATTGGGGA
miR-29a AMO ACTGATTTCTTTTGGTGTTCAG

i.p.). 150 mg/kg L-arginine (Sigma, United States) was
injected intraperitoneally to establish the AEP model in
vivo. The rats in the control group were injected with
equivalent saline. After 12 h the pancreas of the rats
was removed.

DMEM-F12 medium containing 50 ng/mL recombinant
rat TNF-α (Peprotech, United States) was added.
Twelve hours later, the supernatant was collected
and centrifuged at 1000 rpm for 5 min and then
used to detect the level of amylase using an amylase
kit (Jiancheng Bio, Nanjing, China) according to the
manufacturer’s instructions. The control group was
incubated with DMEM-F12 medium only.

TUNEL assay

The apoptosis of acinar cells in pancreatic tissue was
determined by terminal-deoxynucleotidyl-transferasemediated dUTP nick-end labeling (TUNEL) assay by
using the in situ cell death detection kit (Promega,
China). According to the manufacturer’s instructions,
the tissue was fixed in 10% buffered formaldehyde,
embedded in paraffin, and 4-μm sections were adhered
to glass slides. After dewaxing and rehydration, the
sections were incubated with TUNEL reaction mixture at
37 ℃ for 1 h. Finally, the sections were analyzed under
a fluorescence microscope (Olympus, Tokyo, Japan).
TUNEL-positive cells displayed brown fluorescence.

Western blot analysis

Total protein from the cultured AR42J cells was
extracted with RIPA lysis buffer (150 mmol/L NaCl,
50 mmol/L Tris–HCl (pH 7.4), 1% NP-40, 1 μg/mL
leupeptin, 1 mmol/L deoxycholic acid and 1 mmol/L
EDTA) containing 1 mmol/L phenylmethylsulfonyl
fluoride, according to the manufacturer’s instructions
(Beyotime Bio, Wuhan, China). Proteins (40 μg)
from each sample were loaded and separated on a
12% SDS polyacrylamide gel. Proteins were then
electrophoretically transferred onto PVDF membranes
(Millipore, Bedford, MA, United States), which were then
incubated with diluted anti-rat monoclonal activated
caspase3 antibody at 1/1000 (CST, United States), antirat TNFR1 at 1/200 (SANTA CRUZ Bio, United States)
or anti-β-actin at 1/1000 (CST, United States) at 4 ℃
overnight. On the following day, membranes were
incubated with an HRP secondary antibody (1:5000)
at 37 ℃ for 2 h and then signals were visualized with
an electrochemiluminescence kit (Pierce, Rockford, IL,
United States).

miRNA microarray

Total RNA of pancreas tissue was extracted using
TRIzol. miRNA microarray analysis was applied to detect
the differential expression of miRNAs in pancreas tissue
between the two groups.

miR-29a mimic and antisense oligonucleotide construct

The mimic and antisense oligonucleotide of miR-29a,
which were designed and synthesized chemically with
the help of Genechem Bio Company (Shanghai, China),
were inserted into a lentiviral vector carrying the green
fluorescent protein (GFP) gene. The sequences of miR29a mimic and AMO are presented in Table 1.

Flow cytometry analysis of apoptosis

Cell culture and lentiviral transfection

The AR42J cell line (rat pancreatic acinar cell, Institute
of Shanghai Cell Biology, Shanghai, China) was cul
tured in DMEM-F12 medium (Gibco, United States)
containing 20% fetal bovine serum (FBS) (Gibco,
United States) in a humidified incubator at 37 ℃ with
6
an atmosphere of 5% CO2. The AR42J cells (1 × 10
cells/well) were seeded in 6-well plates 24 h before
transfection and infected at an MOI of 50 with 10 μg/
mL of polybrene for 12 h. After 12 h, the transfection
liquid was removed and 2 mL normal medium was
added for continued culturing. Seventy-two hours after
transfection, green fluorescence was observed under a
fluorescence microscope.

Target prediction

Three online programs, TargetScan (http://www.
targetscan.org), miRanda (http://www.microrna.org/
microrna/home.do), and TarBase (http://diana.cslab.
ece.ntua.gr/tarbase), were used in combination for
predicting the target genes of miR-29a.

Induction of apoptosis and amylase assay

Luciferase reporter assay

6

AR42J cells at 1 × 10 /well were seeded into 6-well
plates. After 24 h, the medium was removed and

WJG|www.wjgnet.com

5

AR42J cells were seeded into 6-well plates (5 × 10 /
well) and incubated with DMEM-F12 medium containing
50 ng/mL recombinant rat TNF-α for 24 h. Cells were
harvested, washed twice with 1 × PBS and then
stained using an annexin V-APC apoptosis kit (KeyGEN
Bio, Nanjing, China) according to the manufacturer’s
instructions. All flow cytometric analyses were carried
using a FACS Caliber flow cytometer (San Jose, CA,
United States).

HEK 293T cells (Institute of Shanghai Cell Biology,
Shanghai, China) were cultured in DMEM medium
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A

B

50 mm

50 mm

Figure 1 TUNEL staining of pancreatic tissue (× 400). TUNEL-positive cells displayed brown fluorescence. A: TUNEL staining was detected in control rats; B: The
tissue of the L-arginine treated rats. The apoptosis increased significantly in Figure 1B.

by TUNEL assay (Figure 1). The results of TUNEL
assays showed that the apoptosis of pancreatic acinar
cells increased significantly in the L-arginine group
compared with that in the control group (P < 0.05).

(Gibco, United States) containing 10% FBS (Gibco,
United States) in a humidified incubator at 37 ℃ under
5% CO2. HEK 293T cells were seeded in 24-well plates
TM24 h before transfection with 100 ng psiCHECK 2
vector (RiboBio, Guangzhou, China) containing the
wild-type TNFRSF1A 3′UTR (designated TNFRSF1A
3′UTR-WT) or the TNFRSF1A mutant (designated
TNFRSF1A 3′UTR -Mut) together with 50 nmol/L miR29a miRNA mimic; a non-target control was used in
the control group. Luciferase activity was measured 48
h after transfection. Lipofectamine 2000 transfection
reagent (Invitrogen, United States) was used for cotransfection of RNA oligonucleotides and plasmids.

miR-29a expression in the AEP model in vivo

miRNA-microarray analysis of the miRNAs in the rat
pancreas was performed to compare the expression
of miRNAs between the control and AEP groups.
Numerous miRNAs were significantly different in the
AEP group compared with the control group (Figure 2).
The expression level of miR-29a was much higher in
the AEP group compared with the control group (P <
0.01).

Quantitative real-time RT-PCR

AR42J cell apoptosis in vitro

Total RNA was isolated using Trizol (Invitrogen, United
States) and then reverse-transcribed into cDNA with
PrimeScript RT Master Mix (Takara, Japan) according to
the manufacturer’s instructions. Quantitative real-time
TM
PCR was performed using the SYBR Premix Ex Taq kit
(Takara, Japan). Specific primer sequences are listed as
follows: 5’-GTGCTGTTGCCTCTGGTTATCT-3’ (forward)
and 5’-GAGACAGGATGACTGAAGCGTG-3’ (reverse)
for TNFRSF1A; 5’-TTCAACGGCACAGTCAAGG-3’
(forward) and 5’-CTCAGCACCAGCATCACC-3’
(reverse) for GAPDH. The primers for miR-29a and
U6 were synthesized by Guangzhou RiboBio Co. Ltd.
(China). Expression of TNFRSF1A, relative to GAPDH
and expression of miR-29a, relative to U6, were
-ΔΔCT
determined using the 2
method.

As shown in Figure 3A, the level of amylase in the
experimental group increased significantly compared
with that in the control group at 12 h after exposure
of AR42J cells to the TNF-α (P = 0.042). Activated
caspase 3 was detected by Western blot analysis as
described. Caspase 3 expression increased obviously
after the AR42J cells were exposed to TNF-α for 12 h.
The apoptosis rate was significantly higher (6.26-fold)
in the experimental group compared with that in the
control group (P = 0.026; Figure 3C). These results
demonstrated that the AEP model was successfully
established in vitro.

Expression of miR-29a is increased in vitro

The expression level of miR-29a was confirmed by
quantitative real-time RT-PCR. As shown in Figure 4,
the level of miR-29a was significantly higher (1.49-fold)
in the experimental group compared with that in the
control group after AR42J cells were exposed to TNF-α
for 3 h (P = 0.034).

Statistical analysis

The results are expressed as mean ± SD from at least
three separate experiments. Statistical analyses were
performed using SPSS 13.0 software and comparisons
were made using Student’s t-test and one-way ANOVA.
P < 0.05 was considered statistically significant.

miR-29a expression after lentiviral transfection

The lentiviral vector carrying the miR-29a mimic
or AMO was transfected into the AR42J cells as
described. After 72 h, the cells were evaluated for
expression of green fluorescence under a fluorescence

RESULTS
TUNEL assay

Apoptosis of pancreatic acinar cells was determined

WJG|www.wjgnet.com
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expressed. miR-29a expression by lentivirus-transfected
AR42J cells was analyzed by qRT-PCR. Cells transfected
with the miR-2a mimic expressed significantly increased
miR-29a levels (P = 0.018; Figure 5B), while cells
transfected with the miR-29a AMO expressed lower
miR-29a levels (P = 0.020; Figure 5B) compared with
the vehicle groups.

Induction of apoptosis after transfection

After lentiviral transfection, the AR42J cells were
exposed to TNF-α and the level of amylase in the
supernatant was detected as described, suggesting
that the AEP model was established successfully
(Figure 6A). To investigate the proapoptotic activity
of miR-29a, we detected the rate of apoptosis and
activated caspase 3 expression in AR42J cells after
the AEP model was established in vitro. Interestingly,
compared with the vehicle group, upregulation of miR29a increased the expression of activated caspase 3,
while the miR-29a AMO group showed a lower level
of activated caspase 3 (Figure 6B). The apoptosis
rate in the miR-29a mimic group (42.83 ± 1.25%)
was significantly higher than that in the vehicle group
(24.97 ± 0.15%) (P = 0.030; Figure 6C). In contrast,
the apoptosis rate in the miR-29a AMO group (17.27 ±
1.36%) was significantly lower than that in the vehicle
group (P = 0.025; Figure 6C).

TNFRSF1A is regulated by miR-29a

Control#1 Control#2 Control#3 AEP#1
-0.5

AEP#2

0

By using three online programs (TargetScan, miRanda
and TarBase), we predicted that TNFRSF1A was the
target gene of miR-29a. As shown in Figure 7, the 3′
UTR of TNFRSF1A contains a putative target site for
miR-29a. To obtain direct evidence in support of this
prediction, the 3′UTR of the rat TNFRSF1A gene was
cloned into the XbaⅠ -site of the pGL3-luciferase
reporter vector, which was then used to test its capacity
to serve as the direct functional target of miR-29a;
the construct was designated pGL3-TNFRSF1A-WT.
In parallel, another luciferase reporter construct was
prepared in which the putative miR-29a targeting
region was specifically mutated and predicted to abolish
miR-29a binding; this construct was designated pGLTNFRSF1A-Mut. Transient transfection of HEK293T cells
with pGL-TNFRSF1A-wt and miR-29a led to a significant
decrease in luciferase activity compared to that in the
control group (P = 0.0018). The activity of the mutant
reporter construct, however, was unaffected by cotransfection with miR-29a (P = 0.626).

AEP#3
0.5

Figure 2 Hierarchically clustered heat map illustrating the changes in miRNA
expression profiles between the acute edematous pancreatitis groups and
control groups. The significantly expressed miRNA clusters were identified
using the Student’s t-test. The red and green sections represent an increase and
a decrease in miRNA expression, respectively, between control group and AEP
group. The expression of miR-29a was significantly up-regulated in the AEP group
compared with the control group. AEP: Acute edematous pancreatitis.

Expression of TNFRSF1A after transfection

To examine the effect of miR-29a on TNFRSF1A
expression, AR42J cells were transfected with a miR29a mimic or an AMO. TNFRSF1A mRNA levels were
analyzed by qRT-PCR. As shown in Figure 8A, the
expression of TNFRSF1A was significantly higher
(1.86-fold) in the miR-29a mimic group compared with
the vehicle group (P = 0.022), while the expression

microscope. As shown in Figure 5A, most of the AR42J
cells expressed green fluorescence, which indicated
that the AR42J cells were successfully transfected by
the lentivirus, from which protein was successfully
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compared with the control group. A: The expression of amylase analysis in the supernatant; B: Western blot analysis of activated caspase 3 in AR42J cells; C:
The apoptosis rate of AR42J cells after the treatment with TNF-α for 24 h. Date were obtained from three independent experiments in triplicate and are shown as the
mean ± SD. aP < 0.05 vs control group.

investigated and it has been demonstrated that
the severity of AP is inversely related to the rate of
apoptosis and correlates directly with the extent of
[19,20]
necrosis
. The feature of the AP model which
is induced by L-arginine is reproducible and dosedependent. In this study, we successfully induced AEP
with L-arginine (150 mg/kg) in vivo and the result of
TUNEL assays confirmed that apoptosis occurred in
pancreatic acinar cells.
The AR42J cell line used in this study possessed the
[21]
properties of exocrine digestive enzymes . There are
many advantages of AR42J cells for the investigation
of signaling mechanism in the pancreas, such as the
ease of cell line culture maintenance, high transduction
[22]
efficiency and responsiveness to many agonists .
The AR42J cell line had been used extensively to
[23]
establish the AP model in vitro. Chanthaphavong et al
demonstrated that TNF-α induced apoptosis of several
cell lines. Furthermore, a recent study showed that
TNF-α activated the NF-κB pathway and induced the
expression of proinflammatory mediators in pancreatic
[24]
acinar cells . The results of our study demonstrated
that rat recombinant TNF-α cytokine was used
successfully to establish the AEP model in vitro.
miRNAs are short non-coding RNAs that play
an important role in regulating gene expression
in multiple cellular processes including apoptosis,
metabolism, proliferation, differentiation and deve
[5]
lopment . To date, over 15000 mature miRNAs have
[25]
been identified in 133 species . In recent years, it
has been demonstrated that miRNAs can upregulate
[10]
the target genes. Vasudevan et al
showed that
human miRNA369-3 directed association of the
proteins with AREs to activate translation, and let-7
and the synthetic miRNA miRNAcxcr4 could induce upregulation of target genes.

2.0
a

1.5
1.0
0.5
0.0

TNF-a

TNF-a 3 h

TNF-a 6 h

Figure 4 Quantitative real-time PCR analysis of miR-29a in AR42J cells
at 3 h and 6 h. The expression of miR-29a was normalized to U6 expression
using 2-ΔΔct. Data were obtained from three independent experiments in triplicate
and are shown as the mean ± SD. aP < 0.05 vs control group.

was significantly lower (0.61-fold) in the miR-29a
AMO group (P = 0.048). In parallel, we analyzed the
expression of TNFR1 protein in the miR-29a mimic and
AMO groups. The miR-29a mimic group expressed
higher levels of TNFR1 protein compared with the
vehicle group, while the levels were lower in the miR29a AMO group (Figure 8B).

DISCUSSION
AP is a common clinical condition with high morbidity
and mortality, and its incidence increases over recent
[16,17]
years
. There are two patterns of pancreatic acinar
cells death: necrosis and apoptosis. Apoptosis is a
physiological and programmed form of cell death.
The stereotypical and characteristic morphology
of apoptosis includes cell shrinkage, retention of
organelles and nuclear chromatin condensation, which
[18]
occurs in response to stimuli . The relationship
between apoptosis and AP had been extensively

WJG|www.wjgnet.com

4886

May 28, 2016|Volume 22|Issue 20|

Fu Q et al . miR-29a and apoptosis in pancreatitis

A

50 mm

B

50 mm

Relative expression of
miR-29a

4
a

3
2
1

a

0

Vehicle

miR-29a mimic

miR-29a AMO

Figure 5 Lentiviral transfection and miRNA expression after transfection. A: Cells were infected with 50 MOI of lentivirus, and imaged 72 h post-transfection.
Comparison of bright field filter view to FITC filter view (GFP-expression cells) for the same fields of cells showed about 90% infection efficiency by 72 h; B:
Quantitative real-time PCR analysis of miR-29a expression in the AR42J cells after transfection. Date are shown as a ratio of mi-29a mimic and AMO groups to vehicle
groups using the 2-ΔΔct. Data are representative of three independent experiments. aP < 0.05 vs vehicle group.

MO

ic
im

500

29

le

Rmi

Ve

R-

19 kDa

Cleaved

17 kDa

caspase 3

42 kDa

b-actin

Ve

hi
cl

e

Ve
hi
cle
+
m
m
T
iR
N
i
R-2
29 F-a
9a
a
m
m
im
im
ic
ic
+
TN
m
m
iR
FiR
-2
a
-2
9a
9
AM a A
M
O
O
+
TN
Fa

0

mi

1000

hic

le
hic

1500

aA

am

a

2000

B

a

a

29

2500

Ve

Amylase (U/L)

A

1

10

1

2

3

10
10
10
Annexin V-APC-A
miR-29a mimic

0

4

10

10

0

10

1

2

3

10
10
10
Annexin V-APC-A
miR-29a AMO

0
4

10

O

0

AM

10

10

10

a

10
10
10
Annexin V-APC-A
vehicle

0

4

Q3
17.9%

-2
9

3

Q4
78.8%

ic

2

Q3
41.4%

iR

10

1

10
Q4
52.9%

a

20

im

0

Q3
25.1%

30

m

10
Q4
73.0%

2

m

10

a

40

9a

PI-A

PI-A

0

2

1

10
10

3

-2

10

1

10

50

Q2
1.50%

iR

2

10

3

Q1
1.82%

m

10

10

4

10

Q2
5.25%

cle

3

Q1
0.386%

hi

4

10

Q2
1.40%

Ve

Q1
0.509%

Apoptosis rate (%)

4

10

PI-A

C

Figure 6 miR-29a promotes the apoptosis of the AR42J cells. A: The amylase analysis in the supernatant increased obviously; B: Western blot analysis of
activated caspase 3 in AR42J cells; C: The apoptosis rate of AR42J cells was determined by FACS analysis. Data are representative of mean ± SD from three
independent experiments performed in triplicate. aP < 0.05 vs control or vehicle group.

WJG|www.wjgnet.com

4887

May 28, 2016|Volume 22|Issue 20|

Fu Q et al . miR-29a and apoptosis in pancreatitis

A

3'UTR of TNFRSF1A

WT-TNFRSF1A

5'... UGGCAGCCACUUCCU--UGGUGCUA

miR-29a		

3'

Mut-TNFRSF1A

B

...3'

UUGGCUAAAGUCUACCACGAU

   5'

5'... UGGCAGCCACUUCCU--UCCUCGUU

...3'

1.2

Relative Rluc/Luc ratio

1.0
0.8

a

0.6
0.4
0.2
0.0

Tnfrsf1a-WT + NC

Tnfrsf1a-WT + rno-miR-29a

Tnfrsf1a-Mut + NC

Tnfrsf1a-Mut + rno-miR-29a

Figure 7 miR-29a targets TNFRSF1A. A: The predicted miR-29a binding sites within the 3’UTR of TNFRSF1A and mutant version generated by site mutagenesis
are shown; B: Luciferase activity was determined 48 h after transfection. The ratio of normalized sensor to control luciferase activity is shown. Data are shown as the
mean ± SD and were obtained from three independent experiments performed in triplicate (aP < 0.05 vs control miR-transfected cells).

B
im

1.0

a

0.5
0.0

55 kDa

aA
29
Rmi

le
hic

1.5

Ve

R-

29

am

a

2.0

MO

ic

2.5

mi

Relative expression of
TNFRSF1A

A

TNFR1

42 kDa
b-actin
Vehicle

miR-29a mimic

miR-29a AMO

Figure 8 miR-29a promotes TNFRSF1A gene expression. A: Quantitative real-time RT-PCR analysis of TNFRSF1A expression in AR42J cells after transfection.
Date are shown as a ratio of miR-29a mimic and AMO groups to vehicle group using the 2-ΔΔct. Data are representative of three independent experiments (aP < 0.05 vs
vehicle group); B: Western blot analysis of TNFR1 protein in AR42J cells after transfection.

miR-29a has been extensively demonstrated to
promote cell apoptosis via suppressing survival genes.
Direct repression of CDC42 and p85α by miR-29a
can result in the activation of p53 and induction of
[11]
apoptosis . MCL1, which encodes an anti-apoptotic
Bcl-2 family protein, is also the target gene of miR29a. By repressing MCL-1, miR-29a sensitizes
+
[14]
cholangicarcinoma and ALT ALCL cells to apoptosis .
The results of our miRNA microarray and qRT-PCR
analyses revealed that miR-29a is elevated in the AEP
model in vivo and in vitro. miR-29a mimic and AMO
were designed to investigate the function of miR29a. This technology utilizes non-natural synthetic
nucleic acids, which bind to the unique sequence of
the target mRNAs in a gene-specific manner and has
[26,27]
the same effects as the endogenous miRNAs
. Our
result showed that AR42J cells showed a tendency

WJG|www.wjgnet.com

to apoptosis in the miR-29 mimic group, while the
apoptosis rate was significantly decreased in the miR29a AMO group in the AEP model in vivo. TNFRSF1A,
which encodes the TNFR1 protein, was predicted to
be the target gene of miR-29a with the help of three
online programs (TargetScan, miRanda and TarBase).
TNF-R1, which is the major signaling receptor for
TNF-α, is expressed on all cell types. Both soluble
and membrane-bound forms of the cytokine can
activate TNFR1. The binding of TNF-α to TNFR1
results in immediate NF-κB activation and subsequent
[3,4]
apoptosis . Our study demonstrated that miR-29a
mediated up-regulation of the TNFRSF1A gene. AR42J
cells transfected with the miR-29a mimic expressed
higher levels of TNFRSF1A mRNA and TNFR1 protein,
while the miR-29a AMO group exhibited the opposite
trend. miR-29a promotes the expression of TNFRSF1A
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gene and its regulation mechanism is not binding to
and degrading TNFRSF1A gene as the the result of
luciferase assay in HEK 293T cells. We hypothesized
that the combination of miR-29a and TNFRSF1A
gene might guide some protein factors, which pro
mote the transcription and translation of genes in
pancreatic acinar cells, bind to the target gene. Further
investigations need to be performed.
In summary, miR-29a is elevated significantly in
AEP, indicating that miR-29a might promote pancreatic
acinar cell apoptosis by enhancing expression of
TNFRSF1A gene.
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Abstract
AIM: To assess the diagnostic accuracy of multidetectorrow computed tomography (MDCT) as compared with
conventional magnetic resonance imaging (MRI), in
identifying mesorectal fascia (MRF) invasion in rectal
cancer patients.

Institutional review board statement: The study was reviewed
and approved by the H. San Gerardo Institutional Review Board.
Informed consent statement: Every patient gave his informed
consent, as required by our Institution.

METHODS: Ninety-one patients with biopsy proven
rectal adenocarcinoma referred for thoracic and
abdominal CT staging were enrolled in this study. The
contrast-enhanced MDCT scans were performed on
a 256 row scanner (ICT, Philips) with the following
acquisition parameters: tube voltage 120 KV, tube
current 150-300 mAs. Imaging data were reviewed as
axial and as multiplanar reconstructions (MPRs) images
along the rectal tumor axis. MRI study, performed on
1.5 T with dedicated phased array multicoil, included
multiplanar T2 and axial T1 sequences and diffusion
weighted images (DWI). Axial and MPR CT images
independently were compared to MRI and MRF
involvement was determined. Diagnostic accuracy
of both modalities was compared and statistically
analyzed.
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RESULTS: According to MRI, the MRF was involved in
51 patients and not involved in 40 patients. DWI allowed
to recognize the tumor as a focal mass with high signal
intensity on high b-value images, compared with the
signal of the normal adjacent rectal wall or with the lower
tissue signal intensity background. The number of patients
correctly staged by the native axial CT images was 71
out of 91 (41 with involved MRF; 30 with not involved
MRF), while by using the MPR 80 patients were correctly
staged (45 with involved MRF; 35 with not involved MRF).
Local tumor staging suggested by MDCT agreed with
those of MRI, obtaining for CT axial images sensitivity and
specificity of 80.4% and 75%, positive predictive value
(PPV) 80.4%, negative predictive value (NPV) 75% and
accuracy 78%; while performing MPR the sensitivity and
specificity increased to 88% and 87.5%, PPV was 90%,
NPV 85.36% and accuracy 88%. MPR images showed
higher diagnostic accuracy, in terms of MRF involvement,
than native axial images, as compared to the reference
magnetic resonance images. The difference in accuracy
was statistically significant (P = 0.02).

radiochemotherapy in advanced tumor stages
,
have greatly increased the importance of accurate
preoperative staging to provide information about tumor
[3]
location, size, configuration, and local infiltration .
One of the most important features of local rectal
cancer staging is the assessment of the circumferential
[1]
resection margin (CRM) and relationship of the tumor
to the mesorectal fascia (MRF), which actually defines
[4-6]
the surgical CRM in TME surgery .
Magnetic resonance imaging (MRI) is today con
sidered the “state-of-the-art” investigation for preoperative evaluation of pelvic malignant disease due to
the method’s multiplanar capabilities and its ability to
visualize the rectum, the mesorectal fat and the MRF,
urinary bladder and internal genitalia with high soft
[7]
tissue contrast .
Although many studies have described the accuracy
of computed tomography (CT) for predicting the depth
[8-11]
of bowel wall and lymph node invasion
, only few
of them have addressed the problems of predicting
tumor infiltration of the MRF with new generation of
multidetector-row CT (MDCT). The current role of
CT in the evaluation of patients with rectal cancer is
[3]
controversial . In a single examination, CT can assess
the entire abdomen, pelvis and chest, allowing for
[12-15]
local staging and distant metastases evaluation
.
MRI is an integral part of the diagnostic work-up of
patients with rectal cancer due to its proven efficacy
[4]
to determine the tumor relationship to the MRF .
However, MRI does have the downside of limited
availability, relatively long image acquisition time and
[4]
high cost . Moreover, not all patients can undergo MRI
because of claustrophobia or the presence of metal
in patients’ bodies. In addition, another important
factor in the preoperative assessment of primary rectal
cancer is the frequent presence of distant disease
at the time of diagnosis. Modern CT techniques are
better suited than MRI to search for the local tumor
extent and distant metastases in the same imaging
[16,17]
session
. These considerations on one hand, and
improved spatial resolution of new MDCT scanner on
the other hand, have revived the discussion whether
[4,17]
to use CT or MRI for rectal cancer staging
. The
introduction of MDCT allowed thin-collimation scanning
[1]
and high spatial resolution , resulting in improved
[3,17]
multiplanar reconstructions (MPR)
. MPR images
can be potentially useful for local staging in rectal
cancer as they can be aligned parallel or perpendicular
to the axis of the tumor similar to MR imaging. The
aim of the present study was to evaluate the accuracy
of high row number MDCT for the prediction of tumor
invasion of the MRF being MRI findings as reference
standard, and whether the addition of high-resolution
MPR images can provide greater accuracy.

CONCLUSION: New generation CT scanner, using high
resolution MPR images, represents a reliable diagnostic
tool in assessment of loco-regional and whole body
staging of advanced rectal cancer, especially in patients
with MRI contraindications.
Key words: Magnetic resonance; Multi detector computed
tomography; Rectal cancer; Mesorectal fascia; Multiplanar
reconstructions
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The introduction of new generation of
multidetector-row computed tomography (MDCT)
scanner allowed thin-collimation scanning and high
spatial resolution, resulting in improved multiplanar
reconstructions (MPRs) and could be potentially useful,
in a single examination, for local staging and distant
metastases evaluation in rectal cancer patients. On
these basis in our study we assessed the accuracy of
high row number MDCT for the prediction of tumor
invasion of the mesorectal fascia, being MRI findings as
reference standard, and whether the addition of highresolution MPR images can provide greater accuracy.
Ippolito D, Drago SG, Franzesi CT, Fior D, Sironi S. Rectal
cancer staging: Multidetector-row computed tomography
diagnostic accuracy in assessment of mesorectal fascia invasion.
World J Gastroenterol 2016; 22(20): 4891-4900 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i20/4891.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i20.4891

INTRODUCTION

MATERIALS AND METHODS

Treatment options in rectal cancer patients, such as total
mesorectal excision (TME) and preoperative neoadjuvant

Patients
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One hundred and thirty-one patients with biopsy-
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proven adenocarcinoma of the rectum and distal
margin of the tumor within 15 cm from the anal verge
were enrolled in this retrospective study.
The standard workup for patients with a rectal
cancer includes a pelvic MRI for the assessment of
loco-regional staging and MDCT study to determine
the whole body staging.
For this reason the inclusion criteria were: (1) a
biopsy proven rectal cancer (0-15 cm from anal verge
according to endoluminal biopsy); (2) availability
of MRI study of lower abdomen; (3) availability of
contrast enhanced MDCT of the chest and abdomen
examinations; and (4) both MRI and CT images
performed before application of any neo-adjuvant
therapy or surgery.
Exclusion criteria were: (1) previous neo-adjuvant
therapy for rectal cancer; (2) contraindications to
MRI examination; (3) contraindications to contrast
enhanced CT imaging (e.g., intolerance/allergy to
iodine contrast medium); (4) insufficient MR imaging
quality (e.g., movement artifact) and insufficient CT
imaging quality (e.g., owing to metal implants); and
(5) absence of one of the two diagnostic tools between
MRI and CT .
Forty patients were excluded from this study:
2 patients had hip prostheses (important beam
hardening artifacts reduced CT images quality); 6
patients were excluded due to movement-related
artifacts in MR study; 19 patients had only MRI
evaluation and 13 had a CT evaluation alone (patients
in which the local MRI staging was performed in
another Hospital).
A final cohort of 91 patients (65 male and 26
female, with a mean age of 69 years - range 30 to 89
years) satisfied the inclusion criteria and were enrolled
in this study.
The mean interval time between the MRI and CT
examination was 37 d (range 0-79 d).
The approval for this study was obtained by the
ethical approval committee at our Institution.

portal and equilibrium phases. Contrast material
enhancement was automatically calculated by placing
the region of interest cursor over the abdominal
aorta, and the level of the trigger threshold was set to
increase to 120 HU.
Thirteen seconds after the trigger threshold had
been reached, arterial phase CT data acquisition began
automatically. The portal venous and equilibrium
phases were acquired after 60 and 140 s, respectively,
after the trigger threshold had been reached.
Examinations were performed during one breathhold from the thorax to the anus.
None of the patients received a contrast enema or
bowel relaxation.

MRI technique

MRI imaging examination was performed for tumor
staging before starting the treatment or surgery.
All MRI examinations were performed with a 1.5-T
system (Achieva Plus; Philips, The Netherlands) in
combination with a five-channel phased-array body
coil.
After a planning scan, axial and sagittal T2
weighted turbo spin-echo (T2WI-TSE) images covering
entire length of the rectum were acquired and used to
plan high resolution scans.
Scan protocol consisted of axial TSE T1 weighted
axial sequence turbo spin-echo (TSE) (slice thickness:
3 mm; slice: 20; gap: 3 mm; TR: 612 ms; TE: 14
ms; flip angle: 90°; FOV: 180; RFOV: 85; matrix:
272 × 320; NSA: 4; time: 4.43 min); sagittal TSE T2
sequence (slice thickness: 3 mm; slice: 32; gap: 0
mm; TR: 5501 ms; TE: 85 ms; flip angle: 90°; FOV:
220; RFOV: 105; matrix: 276 × 200; NSA: 4; time:
4.40 min); axial TSE T2 sequence (slice thickness:
3.5 mm; slice: 18; gap: 3.5 mm; TR: 4750 ms; TE:
120 ms; flip angle: 90°; FOV: 180; RFOV: 85; matrix:
256 × 256; NSA: 4; time: 3.05 min); coronal TSE T2
sequence (slice thickness: 3 mm; slice: 20; gap: 0.5
mm; TR: 5058 ms; TE: 125 ms; flip angle: 90°; FOV:
180; RFOV: 100; matrix: 256 × 256; NSA: 4; time:
3.47 min). The axial and coronal oblique images were
performed orthogonal and parallel, respectively, to the
long axis of the rectal cancer.
Afterwards diffusion weighted images with back
ground body signal suppression (DWIBS) using a Multislice Spin Echo Eco-planar Single Shot (SE-EPI-SSh)
sequence were obtained; DWIBS were combined with
a short time inversion recovery (STIR) pre-pulse for
fat saturation. The DWIBS sequences were acquired in
a pure axial plane in order to avoid distortion artifacts,
2
with b-value 0 and 1000 s/mm with following
parameters: slice thickness: 6 mm; slice: 12; gap: 6
◦
mm; TR: 3000 ms; TE: 74 ms; flip angle: 90 ; b-value:
2
0 and 700 s/mm ; FOV: 380; RFOV: 80; matrix: 240
× 256; NSA: 4; time: 1.30 min; SENSE factor: 1.5.
According to recent literature no contrast enhanced
dynamic or steady state T1 weighted or fat suppressed

CT imaging technique

All MDCT examinations were carried out without
luminal rectal contrast media or air insufflation. All
CT studies were performed on a 256-slice CT system
(Brilliance iCT, Philips Medical Systems, Best, the
Netherlands) with the following scan parameters:
thickness 2 mm; increment 1 mm; collimation 128
× 0.625; pitch 0.915; rotation time 0.4 s; FOV 350;
matrix 512 × 512. The scan images were acquired
before and after the intravenous bolus injection of
non-ionic iodinated contrast material (Xenetix 350;
Guerbet, Aulnay, France), according to the body
weight, at a rate of 3.5 mL/s, using a double-syringe
injector (Medrad Stellant, Pittsburgh, PA, United
States) and 18-gauge catheter positioned into the
antecubital vein. Bolus tracking software was used
to set individual acquisition times for the arterial,
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Figure 1 Images obtained in a 54 years-old man with middle-high rectal cancer. A: The pure axial contrast enhanced computed tomography (CE-CT) image
shows a tumor, as a intraluminal polypoid mass, with spiculated configuration margin and spread through the mesorectal fat. The tumour does not involve the
mesorectal fascia (MRF) (arrowhead); B: Multiplanar reconstruction (MPR) MDCT images, along the axial plane of tumour axis, shows the presence of the tumor (arrow)
with no involvement of the MRF; C: T2 (TSE) MRI image of the same patient (sagittal plane), shows the tumor as a polypoid mass (arrow), along the posterior burden
of the rectum infiltrating through the muscularis propria into the mesorectal fat without MRF involvement (arrowhead); D: CE-CT MPR image (sagittal slice), at the
same level shows the tumour as a polypoid mass inside the rectal lumen infiltrating the mesorectal fat without MRF involvement (arrowhead); E: DWIBS image (b-value
1000), the tumor presents high signal, due to restricted water diffusion; the normal rectal wall or the surrounding tissues have a lower signal intensity in comparison
with the polypoid mass. The mesorectal (arrow) fascia is not detectable.
[18,19]

sequences were used
.
All these sequences were obtained in free breathing.
The total examination time was approximately 30
min. Patients did not undergo any preparation such as
bowel cleaning or spasmolytic medication before the
MR examinations. Luminal distention was achieved
with rectal administration of a small amount (almost
100 mL) of sonography transmission gel to distend the
rectal lumen.

respectively. MPR CT images were performed following
the same recommendations to obtain axial and oblique
coronal planes similar to MRI imaging.
After iv contrast injection the tumor was seen as an
intraluminal polypoid mass (Figure 1) or as asymmetric
[20]
or circumferential mural thickening (> 6 mm)
with
or without luminal narrowing (with abrupt transition
from normal to abnormally thick-walled rectum) and
smooth outer bowel margins. In some cases strands
of the soft tissue extending from serosal surface into
perirectal fat was observed (Figure 1).
The MRF was seen as a thin, curvilinear structure
surrounding the mesorectal fat with similar density to
[1,21]
muscle adjacent to the rectum
(Figures 2 and 3).
The main outcome parameter was the involvement of
MRF defined as a visible fat line between the tumor
and the MRF (Figure 3).
All CT axial images were observed first, in order to
determine the tumor extension and direct involvement
of the MRF; few days after (0-6 d), the same
evaluation was done with MPR images.

CT image analysis

In order to obtain an optimal contrast enhancement,
the images of the pelvis were observed in the portalvenous contrast enhanced phase. Multiplanar CT
reconstructions were performed from the same
radiologist, (blinded to pathological evaluation, clinical
and MRI patient data), that analyzed all the CT images
and orientated MPR images axial plane along the
tumor axis.
According to recent guidelines about clinical mana
gement of rectal cancer patients with MRI (recommen
[18]
dations from ESGAR, 2012) , sagittal reconstructions
are used to determine the longitudinal tumor axis
in order to angle the axial and coronal planes as
perpendicular and parallel to the tumor axis as possible,
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MRI analysis

For each patient a radiologist with 10 years of
experience in abdominal imaging analyzed T2-weighted
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Figure 2 Images obtained in a 64 years-old man with middle rectal cancer. A: Axial contrast enhanced computed tomography (CE-CT) image shows the tumour
as an irregular mural thickening of the anterior rectal wall with possible infiltration into the perirectal fat. The mesorectal fascia is seen as a thin line (arrowhead)
surrounding the mesorectal fat and is not involved by the tumor (arrow); B: Multiplanar reconstruction (MPR) para-axial CE CT image of the same patient shows the
tumour as an irregular mural thickening of the anterior rectal wall (arrow) with no infiltration into the perirectal fat. The mesorectal fascia (arrowhead) is better defined
in MPR para-axial CT image; C: T2 (TSE) MRI image of the same patient shows the tumour as a lesion of the anterior rectal wall, slightly hyperintense compared to
the muscle, that extends through the hypo-intense muscle layer into the perirectal fat (arrow) and without mesorectal fascia involvement (arrowhead); D: Orthogonal
axial high-resolution T2-weighted MR image of the same patient shows an intraluminal mass (arrows) confined to the intact, hypo-intense muscularis propria (the
proper muscle layer is shown as a low intensity band (*). The mesorectal fascia (arrowhead).

sequences and DWIBS images in order to detect and
correctly localize the primary lesion. The presence of the
tumor was diagnosed on T2-weighted sequences. Rectal
cancer typically appeared hypointense as compared
to the surrounding fat, and slightly hyperintense as
compared to the muscles.
The mesorectal fascia was seen as a thin hypo
[1]
intense line surrounding the mesorectal fat .
DWIBS images were analyzed in order to obtain
information about microscopic structures of biologic
tissue through water proton mobility and to achieve a
possible tool to monitor the response of tumor tissue
[22]
after therapy .
These images were of diagnostic quality and
adequate to identify the tumor region. When the
anatomic details were unclear due to the low signal-tonoise (SNR) on DWIBS images, they were matched to
T2WI images of same planes. The diagnostic criterion
on DWI was defined as a focal mass with high signal
intensity (SI) on b1000 DW, compared with the signal
of the normal adjacent rectal wall or background of
[22]
lower SI tissue .
During images analysis, the radiologist was blinded
to clinical patient data and pathological evaluation.
Multiplanar T2 weighted sequences and axial T1
weighted sequences images were evaluated in order to

WJG|www.wjgnet.com

assess the presence of the tumor, the involvement of
the MRF and the adjacent structures.

Statistical analysis

All statistical analysis was performed using commercially
available software (Med Calc, Med calc software 11.0,
Mariakerke Belgium). The McNemar test was used
to compare axial and MPR CT images with those of
MRI imaging, which was considered as the reference
standard, in order to determine the involvement of the
MRF.
The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and accuracy of
axial and MPR images were assessed and the obtained
data were then compared. Overall accuracy, sensitivity
and specificity of the prediction of involvement of the
MRF were calculated using cross-tabulation statistics.

RESULTS
In the native axial CT imaging analysis the MRF was
involved by the tumor in 51 patients, while on MPR
images the involvement of the MRF was observed in
50 patients. At MR image evaluation, the involvement
of the MRF by the rectal cancer was observed in 51
patients.
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Figure 3 Images obtained in an 86 year-old woman with middle rectal cancer. A: Orthogonal axial high-resolution T2-weighted MR image shows the tumor as
a thickening (arrow) along the posterior aspect of the rectum, infiltrating through the muscularis propria (the band of proper muscle layer (*) is destroyed) into the
mesorectal fat. The mesorectal fascia is seen as a thin hypointense line (arrowhead) surrounding the mesorectal fat; B: Multiplanar reconstruction (MPR) para-axial
contrast enhanced computed tomography image of the same patient shows the tumour as an irregular mural thickening of the posterior rectal wall with spiculations
extending into the peri-rectal fat. The mesorectal fascia is well defined and not involved (arrowhead); C: DWIBS image (b-value 1000), the tumor (arrow) is clearly
recognizable as high signal in comparison with the lower signal intensity of the normal rectal wall.

evaluating the native axial images was 71 out of 91
patients (41 true positive, TP; 30 true negative, TN),
while by using the MPR a total of 80 patients were
correctly staged (45 TP and 35 TN) (Figure 4).
The number of false negative (FN) for axial and
MPR was respectively 10 FN and 6 FN. The results
obtained in our series of patients show an overall
good diagnostic value of CT technique: considering
the native axial CT images, the overall sensitivity and
specificity were respectively 80.4% and 75%, PPV
was 80.4%, NPV 75% and Accuracy was 78%. While
analyzing the MPR images the sensitivity raised up
to 88% and specificity up to 87.5%, PPV was 90%,
NPV 85.36% and accuracy raise up to 88% (Table
2). The difference in performance between axial and
MPR images was not statistically significant, in terms
of sensitivity and specificity (McNemar test with P
= 0.22 and P = 0.13 respectively) (Table 3), but
considering the overall diagnostic accuracy, in terms
of MRF involvement, the MPR images demonstrated
to be superior (P = 0.02) in comparison with native
axial images alone, as compared to the reference MR
images (Table 4).

Table 1 Summarizing table of number of patient correctly
staged with multiplanar reconstruction and axial computed
tomography images in comparison of magnetic resonance
imaging
Image analysis
CT-axial
CT-MPR
MRI

1

2

3

TN

FN

TP

30
35
40

10
6

41
45
51

FP

4

10
5

TOT

5

91
91
91

1

TN: True negative. Number of patients in which the MRF was correctly
considered not involved with axial and MPR imaging according to MRI;
2
FN: False negative. Number of patients in which the MRF was wrongly
not considered involved with axial and MPR imaging, but it was with MRI;
3
TP: True positive. Number of patients in which the MRF was correctly
considered involved with axial and MPR imaging according to MRI;
4
FP: False positive. Number of patients in which the MRF was wrongly
considered involved with axial and MPR imaging, but it wasn’t with MRI;
5
TOT: Total of patients. CT: Computed tomography; MPR: Multiplanar
reconstruction; MRI: Magnetic resonance imaging.

DWIBS allowed to recognize the tumor as a
focal mass with high signal intensity on high b-value
images, compared with the signal of the normal
adjacent rectal wall or with the lower tissue signal
intensity background (Figures 1, 3 and 4).
The overall correlation of MPR and native axial
findings with the MR images demonstrated (Table
1) that the number of patients correctly staged by
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[1,4,16,17,21,23,24]

To date, only few studies
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A

B

C

D

Figure 4 Images obtained in a 68 years-old man with high rectal cancer. A: Axial computed tomography (CT) image shows a tumor as a circumferential
thickening in the bowel wall; in the anterior wall (arrow) the tumor seems to involve the mesorectal fascia (MRF); B: Multiplanar reconstruction CT images shows a
visible fat line between the tumor and the MRF (arrowhead); C: Axial T2-weighted magnetic resonance image shows a rectal wall involvement by the tumor but also a
wide fat pad between the tumor and the free MRF; D: DWIBS image (b-value 1000), the tumor is depicted as a high signal circumferential thickening of the bowel wall,
in comparison with the lower signal intensity of surrounding tissue.

Table 2 Summarizing table of sensitivity, specificity, positive
predictive value, negative predicting value and accuracy of
axial and multiplanar reconstruction computed tomography
images in correctly identify the involvement of the mesorectal
fascia in comparison of magnetic resonance imaging
Axial CT images
Sensitivity
Specificity
80.40%
75%
MPR CT images
Sensitivity
Specificity
88%
87.5%

PPV
80.4%

NPV
75%

Accuracy
78%

PPV
90%

NPV
85.36%

Accuracy
88%

Table 3 Summarizing table of McNemar test calculation
to determine the statistical significant of sensitivity and
specificity between axial and multiplanar reconstruction
computed tomography images in comparison to magnetic
resonance imaging

Sensitivity1 (P = 0.22)
MPR- subjects
MPR+ subjects
Total subjects of MRI+

CT: Computed tomography; PPV: Positive predictive value; NPV: Negative
predicting value; MRF: Mesorectal fascia; MRI: Magnetic resonance imaging.
Specificity2 (P = 0.13)
MPR- subjects
MPR+ subject
Total of subjects with MRI-

of MDCT as possible and reliable imaging technique in
assessment of MRF invasion by rectal cancer. According
[25]
to recent literature , the appropriate angulation of
the axial plane orthogonal to the tumor is essential in
primary tumor staging, since incorrect plane obliquity
leads to a pseudospiculated appearance that may
lead to overstaging (Figures 2 and 4). Placement of
the orthogonal plane is based on the definition of the
tumor on sagittal T2-weighted images.
DWIBS are usually performed in pre-operative
[22,25]
rectal cancer staging
in order to improve the
detection and localization of rectal tumors, especially
when the tumor is difficult to visualize with other
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Axialsubjects

Axial+
subjects

Total of
subjects with
MRI+

5
5
10
AXIALsubjects

1
40
41
AXIAL+
subjects

6
45
51n
Total of
subjects with
MRI-

29
1
30

6
4
10

35
5
40n

McNemar test: 2 × 2 contingency table, which tabulates the outcomes
of the two tests (axia CT and MPR images) on a sample of n subjects
(respectively 51 who were positive with MRI and 40 who were negative).
1
P = 0.22, two tails, not statistically significant; 2P = 0.13, two tails, not
statistically significant. CT: Computed tomography; MRI: Magnetic
resonance imaging.

[25]

sequences . While these sequences have no role
in the assessment of mesorectal fascia involvement,
due to the intrinsic limitations of MRF visualization

4897

May 28, 2016|Volume 22|Issue 20|

Ippolito D et al . MDCT in assessment of mesorectal fascia
an effective diagnostic technique in the evaluation of
[3]
preoperative local staging of rectal cancer .
In our study we compared the diagnostic capability
of MDCT images, with new generation of multi-row
scanner, in the prediction of MRF involvement by
rectal cancer, by evaluating native axial images and
MPRs, as compared with MR images as reference
[1,4,16,23]
standard
. In our series of patients a good
diagnostic quality was achieved for both series of CT
images, obtaining an accuracy of 78% for pure axial
images and 88% for MPR (difference statistically
significant, P = 0.02), while the sensitivity of pure axial
images was 80.4% and these results arise to 88% with
MPR. Previous studies reported high accuracy rates for
[3,17,21]
CT
, however, most patients in these early series
[3,26]
had advanced disease
. In more recent reports,
a less satisfactory results have been obtained, with
[3,4,16,24]
accuracy rates ranging between 41% and 82%
in rectal cancer. Those results, probably, were related
to the limited spatial collimation and insufficient
reconstructions increments used in CT-protocol (i.e.,
[4,16,25]
thickening from 5 to 10 mm, no MPRs)
as well as
the absence of standardized contrast agent injection
protocol. Therefore, the spatial resolution of the scans
was too low to make any reliable predictions on margin
involvement, especially if compare with MR protocol
(assumed with 3 mm thickness and with different
[16,23,27]
orientation of the axial plane)
. In comparison
with previous studies we obtained an higher PPV
(90%); this result could be explained by the use of
thinner slices (2 mm), increasing consequently the
spatial resolution, close to MR images protocol (3
mm). The employed protocol, 2 mm thickness and 1
mm of increment, offers reliable results comparable
with MR images, especially with the use of MPR.
[1]
Our findings are more similar to those of Shina
that found an accuracy rate in predicting the invo
lvement of mesorectal fascia in comparison with
histopathology of 96.5% and 91.2% on MPR and
axial images, respectively. Multiplanar reconstructions
images in addiction to axial images significantly improve
the diagnostic accuracy in image interpretation (P =
0.02), even if the difference of sensitivity and specificity
between axial images and MPR not reach the statistical
[28]
significant (P > 0.05). In the study of Matsuoka
the accuracy of MDCT (4 slices, 5 mm thickness) and
MRI was assessed using the histopatology as gold
standard, with equal results between CT and MRI in the
preoperative local staging of rectal carcinoma. In our
series of patients the NPV of MDCT was 75% for axial
images and 85.36% for MPRs, with specificity of 75%
and 87.5% respectively.
One of the limitations of this study is represented
by the use of MRI as reference standard, rather
than histology, although this comparison is virtually
impossible since patients with a MRF involvement are
currently treated with long courses of chemoradiation
[4,29]
therapy
. In addiction we did not perform any
luminal distention on CT images and this could

Table 4 Summarizing table of McNemar test calculation to
determine the statistical significant of accuracy between axial
and multiplanar reconstruction computed tomography images
in comparison to magnetic resonance imaging
Uncorrect
Correct subjects Total of correct
subjects staged staged with AX/ subjects staged
with AX/MPR MPR CT images
with MRI
CT images
Accuracy1 (P = 0.02)
Uncorrect subjects
staged with MPR/
AX
Correct subjects
staged with MPR/
AX
Total of correct
subjects staged with
MRI

9

2

11

11

69

80

20

71

91

McNemar test: 2 × 2 contingency table, which tabulates the outcomes
of the two tests (axial CT and MPR images) on a sample of n subjects
(91 correct staged with MRI). 1P = 0.02, two tails, statistically significant.
MPR: Multiplanar reconstruction; MRI: Magnetic resonance imaging; CT:
Computed tomography.

at high b-values. While the DWIBS are frequently
employed in restaging of rectal cancer patients, due to
the possibilities to offer information about structures
of biologic tissue through water proton mobility, and
suggested as a possible tool to monitor the response
[22,25]
of tumor tissue after therapy
.
Several problems frequently arise during this critical
initial step, due to motion artifacts, small tumor size,
low contrast between the tumor and the rectal wall
on fast relaxation fast spin-echo (FSE) T2-weighted
images, redundancy and tortuosity of the rectum. In
addition, nodes along the pelvic sidewall and superior
rectal vessels may fall outside the FOV of axial highresolution images.
In this setting the clinical use of MDCT images
combined with MPR along the different axis of re
ctal lumen, permits to overcoming some of these
limitations, having also the possibility to include a
large FOV and modify the different perpendicular
axial plane in a less time consuming analysis in order
to evaluate the tumor axis (also in case of tortuosity
and redundancy of the rectum), the MRF involvement
and distant lymph-nodes sites. Moreover the new
generation multidetector row CT scanner permits
to increase the spatial resolution, offering high de
tailed images combined with short acquisition time
and avoiding or reducing possible motion artifacts.
Unfortunately, for small size rectal tumor, there’s a
lower contrast between the tumor and the rectal wall
using CT images compared to MR images, especially if
combined with use of DWIBS.
A recent survey of United Kingdom practice has
revealed that less than 50% of patients were offered MR
staging and up to 80% of patients who do not undergo
[1]
MR staging have a CT examination . The results
obtained in this study may help to establish MDCT as
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clinical practice, with high sensitivity and high accuracy in assessment of MRF
involvement, would become a potential one-step imaging tool for distant rectal
cancer staging and local involvement of the MRF.

explaining some discrepancies of finally rectal cancer
findings, between CT and MRI analysis. Another
limitation of CT images is represented by the fact that
in patients with small amounts of peri-rectal fat, the
identification of the true extramural extension is more
challenging due to smaller tissue interfaces, causing a
higher rate of mistakes in assessment of involvement
of the MRF. In our series, we did not considered the
BMI of the patient as well as the amount of peri-rectal
fat, in order to obtain a reliable data about sensitivity
of CT images, in daily current clinical practice.
Moreover, as well known, CT-images do not allow
accurate differentiation of different bowel layers, as
compared with MRI, but the involvement of the MRF
represents the main aim of rectal cancer imaging,
since the MRF involvement determines the distinction
between primary resectable and locally advanced
[1]
tumors .
In conclusion, despite these limitations the CT
imaging of rectal cancer patients with new generation
MDCT scanner, demonstrated high sensitivity and high
accuracy in assessment of MRF involvement, especially
with the use of MPRs, and would become a potential
one-step imaging tool. CT imaging could be useful
as making decision therapy process during a wholebody staging workup, allowing accurate distant rectal
staging and local involvement of the MRF in a single
examination.

Applications

The importance of this work relies on the possibility to offer, in a single step
examination, a new diagnostic approach (performed with new generation
MDCT, ) that allows the non-invasive evaluation of MRF involvement in local
rectal staging, as well as the assessment of distant metastases using high
detailed images of the entire abdomen, pelvis and chest. Moreover in this
manuscript the authors compared and commented our results with those of
previous literature on this field by using the two different techniques modalities
(i.e., CT and MRI).

Terminology

TME is a surgical technique that entails en bloc resection of the primary tumor
and the mesorectum by means of dissection along the mesorectal fascial plane
or the CRM. MDCT are new generation of CT with high number of detector,
which allow to obtain high spatial resolution images with thinner collimation.
MPR is multiplanar reconstructions of the images are images obtained after a
post-processing of native axial CT images. Thanks to high collimation of MDCT,
all pure axial images can be orientated along different planes (i.e., coronal,
sagittal, and oblique axis). MRF is mesorectal fascia, surrounds the mesorectal
fat around the rectum. The mesorectal fascia runs along the anterior aspect of
the sacrum, where it fuses with the presacral fascia, and then laterally on either
side of the rectum. Anteriorly in males, it forms a dense band of connective
tissue posterior to the seminal vesicle and prostate gland (the Denonvilliers
fascia). The MRF is critical for surgical planning in TME. On T2-weighted
images appears as a thin hypointense line surrounding the meserectal fat. On
CT images is depicted as a thin line surrounding the mesorectal fat with similar
density to the muscles.
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Congratulations for the article. Often in daily clinic are situations where you can
not perform an MRI either clinical or resource problems. Having information like
that concludes this article endorse the decisions of physicians to such situations
and allow proper staging of patients.
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identifying patients who may benefit from preoperative chemotherapy-radiation
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the frequent presence of distant disease at the time of diagnosis, which are
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staging and distant metastases evaluation could offer high detailed images
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AIM: To investigate clinical profiles and mutations
of ABCB11 in Koreans with progressive familial
intrahepatic cholestasis 2 and review the differences
between Koreans and others.
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METHODS: Of 47 patients with neonatal cholestasis,
five infants had chronic intrahepatic cholestasis with
normal γ-glutamyl transpeptidase. Direct sequencing
analyses of ABCB11 , including exons and introns, were
performed from peripheral blood.
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RESULTS: Living donor-liver transplantation was
performed in four patients because of rapidly progres
sive hepatic failure and hepatocellular carcinoma.
Three missense mutations were found in two patients:
compound heterozygous 677C>T (S226L)/3007G>A
(G1003R) and heterozygous 2296G>A (G766R). The
mutations were located near and in the transmembranous
space.
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CONCLUSION: Alterations in the transmembrane of
the bile salt export pump in the Korean infants were
different from those previously reported in Chinese,
Japanease, Taiwanese, and European patients.
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are important. In the present study, the authors
investigated clinical profiles of Korean infants with PFIC
and performed a mutation analysis on the ABCB11
gene. The authors obtained clearance from the ethical
board of the hospital (GNUH 2015-09-004-001).

Core tip: Reports of progressive familial intrahepatic
cholestasis (PFIC) mutations in Asian countries have
been less than those in Western countries because
of time consuming and expensive diagnostic tools.
Recently, reports on mutations of ABCB11 in Asian
patients with PFIC have been increasing. In this study,
the authors report mutations of ABCB11 in Korean
infants with PFIC2 and compare Korean mutations with
previously reported mutations.

MATERIALS AND METHODS
Patients

Between 2005 and 2006, 47 patients visited the
Department of Pediatrics in Seoul National University
Children’s Hospital for neonatal cholestasis. Exami
nations included abdominal ultrasonography, duodenal
intubation, a hepatobiliary scan, and liver biopsy. Inborn
error of metabolism, total parenteral nutrition, drug
related cholestasis, congenital infection, and cholestasis
secondary to sepsis were excluded. PFIC was suspected
based on intrahepatic cholestasis with normal ranged
GGT or on the results of the genetic analyses. None had
a family history of PFIC.

Park JS, Ko JS, Seo JK, Moon JS, Park SS. Clinical and ABCB11
profiles in Korean infants with progressive familial intrahepatic
cholestasis. World J Gastroenterol 2016; 22(20): 4901-4907
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i20/4901.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i20.4901

INTRODUCTION

Genetic analyses

Progressive familial intrahepatic cholestasis (PFIC) is
an autosomal recessive disorder that manifests as
cholestasis during the neonatal period due to defective
bile secretion. PFIC is divided into types 1, 2, and
3 according to their different clinical manifestations
and genetics. In PFIC1 and PFIC2, cholestasis
develops during the neonatal period, and γ-glutamyl
transpeptidase (GGT) is within normal limits. PFIC3
develops later than PFIC1 and PFIC2, and features
a positive prenatal history of maternal cholestasis.
Generally, cholestasis with elevated GGT is associated
with PFIC3 rather than PFIC1 and PFIC2. Persistent or
repetitive cholestasis develops within 1 year of age and
rapidly progresses to liver cirrhosis and hepatic failure
in patients with PFIC. Mutations of biliary transporters
associated with PFIC have been discovered, which can
aid in understanding the diagnosis and pathogenesis.
The genes are ATP8B1, ABCB11, and ABCB4, which
encode familial intrahepatic cholestasis 1 protein (FIC1),
bile salt export pump (BSEP), and multidrug resistance
protein 3 (MDR3) in PFIC1, 2, and 3, respectively.
ABCB11 is located on chromosome 2q24. It
encodes BSEP, which plays a role in the secretion of
conjugated bile acids, including taurocholates. BSEP
defect can cause cholestasis with a normal range of
[1]
GGT because of a bile secretion defect . Over 82
[2,3]
different ABCB11 mutations have been reported .
Of them, E297G and D482G account for 30% of
BSEP mutations in European patients with PFIC2. In
Asia, mutations of BSEP in Chinese, Japanese, and
[4-7]
Taiwanese patients with PFIC2 were reported .
To the best of our knowledge, there have been
fewer reports of ABCB11 (BSEP) mutations in
[2,4-7]
Asians with PFIC2 than in Europeans
. Because
PFIC2 features rapid progression to liver cirrhosis
and hepatic failure within the first decade, rapid
diagnosis, management, and prediction of prognosis

WJG|www.wjgnet.com

Genetic analyses were performed for diagnosis
with parental consent. Direct sequencing analysis
of ABCB11 was done using peripheral blood. Exons
and flanking intron sequences of the ABCB11 gene
(NC_000002.10) were amplified by polymerase chain
reaction (PCR) from total genomic DNA. PCR products
were purified by ExoSAP-IT (USB, Cleveland, OH,
United States) and subjected to DNA sequencing using
the BigDye v3.1 Terminator Chemistry (PE Applied
Biosystems, Foster City, CA, United States), followed
by separation on an ABI 3100 DNA sequencer (PE
Applied Biosystems). Sequence data were analyzed
manually and were assembled with the Seqscape v2.5
(PE Applied Biosystems). As reference control, the
ABCB11 genomic sequence was obtained from http://
pharmacogenetics.ucsf.edu/set1/BSEPrefseq.html.

RESULTS
Among the 47 patients with cholestatic jaundice
presented during the 2-year period, extrahepatic
biliary atresia was diagnosed in eleven, congenital
infection with TORCH in four, neonatal intrahepatic
cholestasis caused by citrin deficiency in three,
arthrogryposis, renal dysfunction, cholestasis (ARC)
syndrome in two, neonatal Dubin-Johnson syndrome
in two, Alagille syndrome in one, and non-syndromic
[8]
bile duct paucity in one . PFIC was suspected in five
patients with intrahepatic cholestasis and normal GGT.
Table 1 summarizes the clinical and laboratory findings
of the patients. The chief complaint was cholestatic
jaundice in all patients, and onset of the symptom
ranged from 20 d to 9 mo after birth. Gallstone was
developed in patient 1 and 2, and hepatocellular
carcinoma (HCC) was developed in patient 1 (Figure
1). Hepatic pathologic examinations were performed
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Table 1 Clinical, laboratory findings and mutations of five infants with progressive familial intrahepatic cholestasis
Patient

Sex

Age of
symptom
onset

Age at LTx

Associated sign

AST/ALT (IU/L)
(0-37/0-41)

T/D. bil (mg/dL) GGT (IU/L)
(0-1.2/0-0.5)
(6-71)

AFP (ng/mL)
(0-7.0)

Mutations of

S226L/
G1003R
G776R
No
No
No

1

F

20 d

24 mo

Gallstone, HCC

602/242

11.3/7.9

29

3070

2
3
4
5

F
M
M
M

9 mo
5d
1 mo
2 mo

10 yr
6 mo
3.5 mo
-

Gallstone
-

178/242
416/93
1467/250
951/677

8.2/5.2
35.1/14
44.5/25.1
14.3/8.0

25
25
50
52

<5
21500
770000

ABCB11

LTx: Liver transplantation; T/D.bil: Total bilirubin/direct bilirubin; GGT: γ-glutamyl transpeptidase (normal values in brackets; Laboratory values were
obtained at initial visits of five cases).

A

B

Figure 1 Radiologic hepatic evaluations in patient 1 and 2. A: Abdominal computed tomography of patient 1 revealed two contrast-enhanced hepatic masses
(arrows) at 21 mo of age; B: Gallstone and its posterior shadow (circle) were observed on liver ultrasonography in patient 2.

in all patients. Various degrees of periportal fibrosis
and inflammatory cell infiltration, canalicular and
cytoplasmic bile pigments, cholestasis, and bile duc
tular dilatation and proliferation were noted in all
hepatic specimens of the patients. HCC was confirmed
from an excised liver in patient 1 (Figure 2). Living
donor liver transplantations were performed in four
patients due to hepatic failure between 2.5 mo and
10 years after their initial visits. Three of the 10 alleles
examined showed mutations: compound heterozygous
677C>T (S226L)/3007G>T (G1003R) in patient 1 and
heterozygous 2296G>A (G776R) in patient 2 (Figure
3). Three of the five patients showed no mutation of
ABCB11. The PolyPhen program (http://genetics.bwh.
harvard.edu/pph2) predicted that S226L is probably
benign with a score of 0.175, but the SIFT program
(http://sift.jcvi.org) predicted that S226L deleteriously

WJG|www.wjgnet.com

affects protein function. G1003R and G776R were
predicted to be probably damaging with scores of 1.000
by the PolyPhen-2 program and to affect deleteriously
protein functions. 3007G/T (G1003R) was a novel
mutation of ABCB11.

DISCUSSION
Three mutations were found in two patients with
the PFIC phenotype: 677C>T in exon 8 (S226L)
and 3007G>A in exon 23 (G1003R) in patient 1 and
2296G>A in exon 19 (G766R) in patient 2 (Figure
3). Patients with mutations presented with chronic
intrahepatic cholestasis with normal GGT from the
infantile period, rapidly declining liver functions,
gallstone without intravascular hemolysis, and HCC
(Table 1, Figures 1-3).
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A

B

C

D

E

Figure 2 Liver histologic features from infants with chronic intrahepatic cholestasis with normal ranges of γ-glutamyl transpeptidase. A: Hepatocellular
carcinoma was confirmed by liver specimen at hepatectomy taken from patient 1 at 24 mo of age. Cellular atypia with trabecular and acinar type was shown.
Microvascular invasion was not identified; hematoxylin-eosin stain, original magnification × 400; B: Electron microscopic examination of liver specimen from patient
2 shows many globular or curly appearance electron dense materials in the cytoplasm with original magnification of × 3.5k; C: Liver biopsy at hepatectomy taken at
6 months of age from patient 3 shows periportal fibrosis, inflammatory cell infiltration, intracanalicular bile plugs, giant cell formation, and bile ductular proliferation;
hematoxylin-eosin stain, original magnification × 200; D: Electron microscopic examination of liver specimen from patient 4 at 3.5 mo of age reveals amorphous and
coarse granular bile pigments in the dilated bile canaliculi. Original magnification × 5.0k; E: Electron microscopic examination of liver specimen from patient 5 shows
aggregated bile pigments in the cytoplasm. Original magnification × 2.5k.

A

Patient 1
(Exon 8: c.677c>T heterozygote, TCG>TTG, p.S226L)

B

Patient 1
(Exon 23: c.3007>A heterozygote, GGA>AGA, p.G1003R)

Normal

Normal

Patient 1

Patient 1

C
Patient 2
(Exon 19: c.2296G>A heterozygote, GGG>AGG, p.G766R)

Normal

Patient 2

Figure 3 Direct sequencing analysis of the ABCB11 genes demonstrating (A) heterozygous C to T substitution in exon 8 predicting a missense mutation
at amino acid position 226(p.S226L) (B) heterozygous G to A in exon 23 predicting a missense mutation at amino acid position 1003 (p.G1003R), and (C)
heterozygous G to A in exon 19 predicting a missense mutation at amino acid position 776(p.G776R), (A) and (B) were detected in ABCB11 gene of patient
1 and (C) was detected in patient 2.
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Extracellular
G1003R

G1004D

G776R
S226L

V284L

V330X

E297G

E636G
R575X

D482G
R487H

Cytoplasm

Figure 4 Putative secondary structure of bile salt export pump generated with the TOPO program (http://www.sacs.ucsf.edu/TOPO-run/wtopo.pl). Mutations
are represented in red for mutations in patient 1 and 2, green for Japanese, blue for Taiwanese, and yellow for common European mutations. Bile salt export pump
alterations in the present study were located at and near the transmembranous space, which was different from most of the mutations from Chinese, Japanese,
Taiwanese, and European patients[2,5,7,12].

cated at and near the transmembranous (TM) part of
BSEP (Figure 4). The TM alterations of BSEP in Korean
infants might be due to ethnic differences. Further
study, however, is needed because the number of
mutations in the Korean patients with PFIC2 was low.
There was no mutation of ABCB11 in patient 3,
4, and 5. TPJ2 mutations can also cause a PFIC2 like
phenotype and further genetic analyses of TPJ2 are
[14]
necessary . Patient 5 showed elevated GGT levels
and decreased serum total bilirubin in a relatively short
clinical course. Therefore, the possibilities of PFIC1
and PFIC2 are less, but careful follow-ups are essential
with the possibility of benign recurrent intrahepatic
cholestasis.
Compound heterozygotes of 677C>T (S226L) and
3007G>A (G1003R) in patient 1, and one missense
mutation of 2296G>A (G766R) in patient 2 were
noted (Figure 3). The mutations were predicted to be
damaging or deleterious to BSEP, based on the clinical
course of the patients and the results of PolyPhen-2
and SIFT program. Unfortunately, the authors could not
perform genetic analyses of ABCB11 of the parents.
HCC developed in patient 1 (Figures 2 and 3a).
[15]
Knisely et al
reported BSEP dysfunctions in 10
patients who presented with HCC under the age of 5
years. Chronic intrahepatic bile acids or suppressed
DNA ligase by protein dysfunctions were suggested
[16,17]
previously
, but specific factors contributing to
the development of HCC have not been evident.
Cholangiocarcinoma and hepatoblastoma in patients
[18,19]
with PFIC2 has also been reported
. The level of
serum alpha fetoprotein (AFP) are high in > 60%

PFICs are developed by mutations of bile trans
porters, and the incidence of the mutation has not yet
[9]
been established . In addition, its incidence might be
underestimated in Korea because diagnosis in a patient
with suspected PFIC is often time consuming and
expensive because of clinical methods such as clinical
courses, laboratory findings, pathologic examination,
and genetic analysis. Differentiation between PFIC1
and PFIC2 is difficult based on clinical manifestations
and pathologic findings because of their marked clinical
[1]
overlap . PFIC1 patients usually present with more
diverse extrahepatic symptoms, including diarrhea,
[10]
than patients with PFIC2 . The patients did not
show diarrhea or pruritus, but patient 1 did develop
gallstones and HCC.
To the best our knowledge, Asian reports on
PFIC2 are relatively lacking in comparison to Western
[2,4-7]
reports
. However, reports on mutations of BSEP
in Asian patients with PFIC2 are increasing by denatur
ing high performance liquid chromatography, highresolution melting analysis, and direct sequencing.
The reported Asian BSEP mutations were as follows:
R575X, E636G, R487H, and V330X in Japanese
patients; 1 bp deletion (position 1145), V284L, and
G1004D in Taiwanese patients; and 20 mutations,
[4,7,11,12]
including A167T, in Chinese patients
. Of the
hundreds of BSEP mutations, E297G and D482G were
[13]
the most common mutations in European patients .
Most of the previously reported mutations in Chinese and
[2,4,12]
Europeans are located in the canalicular cytoplasm
.
However, three different missense mutations (S226L,
G1003R, and G775R) in the present study were lo
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Innovations and breakthroughs

of patients with HCC and hepatoblastoma, and
AFP increased markedly to 204000 ng/mL at 21
mo of age in patient 1. In patient 5, a significantly
high level of AFP was noted on the first laboratory
examination. There was no evidence of hepatic mass
on liver ultrasonography (USG) and inborn errors of
metabolism on laboratory examination. The level of
AFP was decreased to 530000 ng/mL after 1 mo. The
decline of AFP and no occurrence of hepatic mass on
liver USG could rule out the development of hepatic
tumor in patient 5. Therefore, the increment of serum
AFP and hepatic imaging can be useful modalities for
early detection of hepatic tumors in a patient with
PFIC2.
Various degrees of periportal fibrosis, inflammatory
cell infiltrates, intracytoplasmic and intracanalicular
cholestasis, giant cell transformation, and bile ductular
proliferation on the pathologic examinations were
noted in the present study (Figure 2). Bile duct paucity
or bile ductular proliferation was not a typical finding
in patients with PFIC, but pathologic findings might
depend on the clinical moment when the biopsy was
performed. Pathologic examinations in the present
study did not show typical findings for PFIC because
our hepatic specimens were obtained at the time of
liver transplantation, except in patient 5. Pathologic
differentiation from PFIC1 to PFIC2 depends on the
severity of the aforementioned findings and characters
of canalicular bile salts. Coarse granular bile salts can
suggest PFIC1, while amorphous and filiform bile salts
under electron microscopic examination can suggest
[1]
PFIC2 . However, pathologic differentiation seems to
depend significantly on clinical moments for biopsy
and experience or skill of the pathologist.
In conclusion, the present study is the first report
on Korean infants with PFIC, including early onset HCC,
living donor liver transplantations, and novel mutation
and ethnic differences of ABCB11. We tentatively
suggest the suspicion of PFIC1 or PFIC2 when children
are suffering from chronic intrahepatic cholestasis with
normal GGT and without other associated anomalies
from their infantile periods, regardless of family
history. Early genetic analysis for PFIC1 or PFIC2 might
be helpful to diagnose, predict prognosis, and make an
early treatment plan.

The authors report a rare PFIC2 in Korean patients and its genetic novel
mutations. These mutations affected amino acid substitutions of BSEP, and the
sites were different from previous reports. The number of mutations, however,
was low.

Applications

The described novel mutations of ABCB11 in Korean infants with PFIC2 might
be helpful to understand racial differences in the future. However, further study
is warranted, including a larger single nucleotide polymorphism database of
Koreans.

Peer-review

There were concerns about the number of mutations in Korean infants with
PFIC2. However, the focus of the manuscript is potentially interesting, and
the present report is significant because of the rarity in character of PFIC2,
especially in Asian groups.
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Studies of HEAML published in the last 15 years were
collected from pubmed and MEDLINE to summarize the
clinical symptoms, imaging characteristics, pathological
features and management of HEAML.

Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
zcw1989@sina.com. Participants gave informed consent for data
sharing.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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RESULTS: Four cases of primary HEAML were retrieved
from our archives. These included three female patients
and one male patient, with a mean age of 41.8 ±
11.5 years (ranging from 31 to 56 years). The mean

4908

May 28, 2016|Volume 22|Issue 20|

Liu J et al . HEAML is a malignant potential tumor

tumor size was 7.3 ± 5.5 cm (ranging from 3.0 to 15
cm). In the contrast-enhanced imaging, the tumor was
obviously enhanced in the arterial phase, but enhanced
continuously or exhibited a slow-density masse
during the venous and delayed phases. Histologically,
the tumors mainly consisted of epithelioid cells that
comprised approximately 95% of the total neoplastic
mass. Although no metastases occurred in our patients,
pathological studies revealed necrosis, mitotic figures
and liver invasion in two patients, which indicates
aggressive behavior. Immunohistochemical staining
revealed that human melanoma black 45 (HMB-45) and
Melan-A were positive in 4 cases. We only identified
81 cases with primary HEAML, including our present
patients, from 26 articles available from PubMed and
MEDLINE. The majority of the papers were published
as case reports. Only 5 (5/75, 6%) cases were
associated with tuberous sclerosis complex (TSC). More
than half (35/66) were discovered incidentally upon
physical examination. Approximately 65% (22/34) of
the patients were misdiagnosed with HCC or other
tumors before surgery. Approximately 10% (8/81) of
the patients with HEAML had recurrence or metastasis
after surgery, which was a very high and alarming rate.

INTRODUCTION
Angiomyolipoma (AML) is a kind of solid tumor that
contains varying proportions of fat, smooth muscle
cells, and blood vessels. Depending upon the dominant
cell type, AML can be subcategorized into epithelioid,
spindle, and intermediate forms. The former are
perivascular epithelioid cells (PECs), including AML,
lymphangiomyomatosis, and clear cell “sugar” tumor
[1]
of the lungs . Epithelioid angiomyolipoma (EAML)
is a rare and special type of angiomyolipoma that
most commonly occurs in the kidney, lung, heart,
mediastinum, retroperitoneum, and vagina. Hepatic
EAML (HEAML) was first reported by Yamasaki et
[2]
al , and so far no more than 80 cases have been
reported worldwide. HEAML, which was generally
considered benign in the past, has malignant potential
[3]
according to these reports . There are no unique
clinical symptoms of HEAML, which leads to confusion
[4]
with other types of hepatic tumors easily . Therefore,
it has a very high rate of misdiagnosis. Here, we
retrospectively reviewed the clinicopathological
features of HEAML patients based on PubMed and
MEDLINE data, including our four patients, who were
finally diagnosed with HEAML through pathology and
immunohistochemistry. The aim of our study was to
improve the rate of accurate preoperative diagnosis
and the degree of recognition of this rare tumor.

CONCLUSION: HEAML is a very rare primary hepatic
tumor that is often misdiagnosed before surgery.
Patients should be followed closely after surgery
because of its malignant potential.
Key words: Epithelioid angiomyolipoma; Imaging; Liver;
Immunohistochemical staining; Human melanoma
black 45

MATERIALS AND METHODS
Four cases of primary HEAML were confirmed based
on the pathology archive system in our hospital from
January 2009 to November 2015. The general state,
clinical symptoms, imaging manifestations, histological
results and immunohistochemistry of these patients
were retrospectively reviewed. Important histological
parameters including the diameter of the main tumor,
the number of tumor nodules, cytological atypia,
coagulative necrosis, mitotic count, liver invasion and
vascular invasion were collected. Immunohistochemical
staining for HMB-45, Melan-A, smooth muscle actin
(SMA), HepPar-1, S-100, CK and fetoprotein (AFP)
was repeated to verify the diagnosis. Follow-up data
were obtained from the clinical records.
Articles about primary HEAML (excluding PEComa)
were collected from January 2000 to November 2015
from PubMed and MEDLINE, and non-English publications
were included. Clinical data were retrieved from the
articles including sex, tumor size, case number, location
of tumor, clinical presentation, preoperative diagnosis,
association with TSC, treatment and prognosis.
SPSS (version 15.0 for Windows) software was
used for statistical analyses. The results are presented
as the mean ± SD or median.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatic epithelioid angiomyolipoma (HEAML)
is very rare tumor that is often misdiagnosed because
of atypical symptoms and imaging manifestation.
The diagnosis can be made based upon characteristic
pathological and immunohistochemical criteria.
Traditionally, it is thought to be a benign tumor and
is therefore largely ignored. Thus, it is important
to improve the recognition of HEAML. This is the
first article to analyze the clinicopathological data
and imaging results of HEAML comprehensively by
combining our four patients with other cases reported
worldwide. In fact, HEAML has malignant potential and
should be followed closely after surgery.
Liu J, Zhang CW, Hong DF, Tao R, Chen Y, Shang MJ,
Zhang YH. Primary hepatic epithelioid angiomyolipoma: A
malignant potential tumor which should be recognized. World J
Gastroenterol 2016; 22(20): 4908-4917 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i20/4908.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i20.4908
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Table 1 Clinicopathologic data of 4 cases of hepatic epithelioid angiomyolipoma
Case

Clinical
Sex/age Size (cm) Location of
tumor in presentation
the liver

Fat

1

M/34

15.0

L

Abdominal
pain and
fever

No

2

F/46

3.5

L

None

No

3

F/31

3.0

R

None

No

4

F/56

7.5

L

None

No

Details of imaging Preoperative
findings
diagnosis
Arterial phase
enhancement
and washout at
portovenous phase
(CT)
Arterial phase
enhancement
and washout at
portovenous phase
(CT)
Arterial phase
enhancement
and washout at
portovenous phase
(CT)
Arterial phase
enhancement
and no delayed
washout at
portovenous phase
(MRI)

Pathologic features
Satellite Cytologic Mitotic Coagulative
tumor
atypia
count
necrosis

LI

VI
-

HCC

+

+

+

+

+

HCC

-

-

-

-

-

HCC

-

+

+

+

+

-

HCA

-

-

-

-

-

-

LI: Liver invasion; VI: Vascular invasion; HCC: Hepatocellular cancer; HCA: Hepatocellular adenoma. Size of the main tumor nodule.

tomography scan of the male patient showed multiple
low-density masses in the plain phase (Figure 1A), with
the biggest lesion, measuring 15.0 cm × 12.0 cm ×
10.0 cm in size, in the left hepatic lobe. In the arterial
phase, strong contrast enhancement with low density
in the center was observed (Figure 1B). The tumors
had almost washed out the contrast agent except for a
weak contrast-enhanced effect in the center that was
perhaps induced by arterioportal venous shunting in
the portal phase (Figure 1C). In the delayed phase,
the tumors exhibited low density in comparison with
the liver tissue (Figure 1D). The imaging of patients
2 and 3 showed similar manifestations. However,
for patient 4, the foci had showed boundaries and
high signal in T2WI (Figure 2A) but low signal in the
plain phase (Figure 2B). A significantly and uniformly
enhanced mass during the arterial phase was
observed (Figure 2C). However, different from other
cases, this mass was enhanced continuously during
the venous and delayed phases (Figure 2D). Based on
the available clinical findings, a preoperative diagnosis
of hepatocellular adenoma (HCA) or HCC was made.
None of the cases presented with extrahepatic
metastasis, and they were diagnosed as primary liver
tumors with no evidence of other organ involvement.
Extended left lobectomy and laparoscopic hepatectomy
were performed, respectively, because of the uncertain
nature.
With respect to the pathological findings, gross
examination revealed that the external surface of the
mass was smooth and brownish in color. Sections
revealed well-circumscribed, non-encapsulated tumors.
The largest tumor was multiloculated with amorphous

RESULTS
The clinicopathological features of the 4 cases are
summarized in Table 1. All 4 cases received surgical
resection. The pathological and histological diagnosis
of HEAML was verified in all 4 cases. Three patients
were female and one patient was male. The mean age
was 41.8 ± 11.5 years (ranging from 31 to 56 years).
The male patient was rushed to the emergency room
because of upper abdominal pain and fever, whereas
the other 3 patients presented with liver masses
on ultrasound but without symptoms or signs upon
physical examination. The medical histories of all four
patients were normal. Tests for the hepatitis C virus
antibody and hepatitis B virus surface antigen were
all negative, and there was no evidence of tuberous
sclerosis. The results of the liver function test, routine
blood test, serum AFP and carbohydrate antigen199
(CA199) were normal for our 4 patients with the
exception of the male patient, who had elevated
alkaline phosphatase; however, this patient tested
negative for bacterial infection, and a fever caused
by the tumor was considered first. All of the cases
presented with intraparenchymal tumors, and the
mean tumor diameter was 7.3 ± 5.5 cm (ranging from
3.0 to 15 cm). In the three female patients, the tumor
presented as a single lesion. One tumor was located
in the right lobe, while the other two tumors were
located in the left lobe. In contrast, the male patient
presented with three tumor lesions in bilateral liver
lobes. Detailed imaging results were available for the
four patients. Dynamic contrast-enhanced imaging
showed two different presentations. The computed

WJG|www.wjgnet.com
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A

B

C

D

Figure 1 Computed tomography manifestation of the male patient. A: Low-density masses in the plain phase (black arrows); B: In the arterial phase, a strong
contrast-enhancing effect with low-density in center was observed; C: In the portal phase, tumors had almost washed out the contrast agent, but a weak contrastenhancing effect was sustained; D: Low-density masses in the delayed phase.

A

B

C

D

Figure 2 Magnetic resonance imaging manifestation of the female patient. The tumor had clear boundaries and showed high signal on T2WI (A, black arrow)
and low signal in the plain phase (B); Hyperenhancement in the arterial phase (C) and delayed phase (D).
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A

B

C

D

E

F

Figure 3 Histology of hepatic epithelioid angiomyolipoma. A: The tumor comprised of sheets of large polygonal cells with abundant granular eosinophilic
cytoplasm (HE, × 200); B: The tumor cells were arranged radial around blood vessels (HE, × 40); Microscopic features signifying aggressive behavior were observed:
C: Cytologic atypia (black arrow) (HE, × 200); D: Coagulative necrosis (HE, × 40); E: Increased mitotic count (black arrow) (HE, × 200); F: Tumors mainly consisted of
epitheli¬oid cells that comprised approximately 95% of the total neoplastic mass (HE, × 40).

necrotic tissue and hemorrhagic fluid. The male patient
had the other two satellite tumor nodules whose size
was 1 cm and 2 cm, respectively. Microscopically, the
tumor was comprised of sheets of large polygonal
cells with abundant granular eosinophilic cytoplasm
in areas with typical features of HEAML (Figure 3A). A
radial arrangement around blood vessels was observed
(Figure 3B). Microscopic features including cytologic
atypia (Figure 3C), coagulative necrosis (Figure 3D)
and increased mitotic count (Figure 3E) were observed
in two cases, which indicates aggressive behavior.
All tumors mainly consisted of epithelioid cells that
comprised approximately 95% of the total neoplastic
mass (Figure 3F). Tumors also contained a few spindle
myoid cells, mature fat, and thick-walled vasculature.
Immunohistochemical analysis revealed that 4 patients
were positive for the melanocytic markers HMB-45

WJG|www.wjgnet.com

(Figure 4A), Melan-A (Figure 4B), SMA (Figure 4C) and
VIM (Figure 4D), but negative for S-100 (Figure 4E),
CK (Figure 4F), AFP (Figure 4G) and HepPar-1 (Figure
4H). The diagnosis was corrected to HEAML based on
the above evidence. The median follow-up period was
30 months (ranging from 2 to 72 mo). All patients
were alive with no evidence of recurrence at the time
of review.
Our search of PubMed and MEDLINE confirmed
a total of 81 cases (including our four cases) with
[2,3,5-27]
primary HEAML from 26 articles
(Table 2). The
majority of the cases were single case reports with the
exception of 6 publications that reported more than 5
cases per article. Even so, those articles only focused
on the pathological or imaging presentations. These
limited results reflect the overall poor recognition
of HEAML. Summarizing these available reports is
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A

B

C

D

E

F

G

H

Figure 4 Immunohistochemical staining of hepatic epithelioid angiomyolipoma. The tumor cells were positive for melanocytic markers HMB-45 (A, × 40),
Melan-A (B, × 40), SMA (C, × 40), and VIM (D, × 40), but negative for S-100 (E, × 40), CK (the arrow indicates the bile duct epithelium) (F, × 40), AFP (G, × 40), and
Herpar-1 (H, × 40).

necessary to further promote the diagnosis of HEAML.

HEAML than men, at a ratio of 5:1. Although some
patients with HEAML had atypical gastrointestinal
symptoms, including abdominal pain or distension,
discomfort and vomiting, more than half (35/66,
53%) of the cases were discovered incidentally upon

DISCUSSION
In all series of HEAML, more women suffered from

WJG|www.wjgnet.com
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Table 2 Summary of available reports of hepatic epithelioid angiomyolipoma from PubMed and MEDLINE
Year

Authors

Number
(F/M)

Size (cm)

Location
(L/R)

2015

Our study

3/1

3.0-15.0

3/1

2014

Dai et al[24]

3/2

2.5-7.0

2014
2014
2014

Tajima et al[25]
Zhou et al[27]
Xu et al[26]

0/1
1/0
22/3

10.5
30.0
3.0-20.0

2013
2013
2013
2013

Occhionorelli et al[22]
Zhao et al[23]
Saito et al[21]
Lo et al[20]

1/0
3/2
0/1
5/0

8.0
0.6-9.7
1.2
1.2-25.0

2013

Ji et al[19]

6/0

5.0-9.5

2012
2012

Limaiem et al[18]
Agaimy et al[16]

0/1
1/0

8.2
2.0

2012
2010
2009
2009
2009
2008
2007

Xie et al[17]
Wen et al[15]
Leenman et al[13]
Xu et al[14]
Alatasis et al[12]
Deng et al[11]
Khalbuss et al[10]

1/0
0/1
1/0
10/0
1/0
0/1
1/0

3.4
4.1
6.0
1.5-10.0
11.0
18.0
12.0

2006
2004
2004
2000
2000

Rouquie et al[9]
Tryggvason et al[8]
Mizuguchi et al[7]
Savastano et al[6]
Flemming et al[5]

1/0
1/0
1/0
1/0
3/0

7.0
6.0
NA
1.2
1.0-20.0

2000
2000

Yamasaki et al[2]
Dalle et al[3]

1/0
1/0

2.0
15.0

Clinical symptoms (n )

Diagnosis before
surgery (n )

Abdominal pain and fever (1)
HCC (3)
No symptoms (3)
HCA (1)
2/3
Abdominal pain (2)
HCC (4)
None (3)
FNH (1)
0/1
Abdominal pain
Hepatic AML
1/0
Abdominal discomfort
NA
12/13
Abdominal pain (10)
HCC or other tumor
Abdominal distention (3)
No symptoms (15)
1/0
Abdominal pain
NA
2/3
No symptoms
NA
1/0
No symptoms
HCC
1/4
Abdominal distention (1)
HCC (1)
Abdominal discomfort (1)
HCA (2)
Epigastralgia (1)
AML
None (2)
Liver tumor with
uncertain nature
5/1
None (5)
AML
Abdominal pain (1)
1/0
Abdominal pain
HCC
1/0
Nausea
Metastatic
adenocarcinoma or
carcinoid
0/1
Dyspnea
HCC
1/0
None
HCC
1/0
Abdominal pain
NA
6/6
NA
NA
Multiple
None
HCC
0/1
Abdominal pain
AML
1/0
Abdominal pain
Adenoma or
hamartoma
1/0
None
NA
1/0
Abdominal pain
NA
0/1
None
AML
1/0
NA
NA
2/2
NA
HCC
0/1
0/1

None
Nausea and loss of appetite

NA
HCC

TSC (n ) Treatment

Recurrence/
metastasis (n )

None

Surgery

None

None

Surgery

None

None
None
1

Surgery
Surgery
Surgery

None
None
2

NA
None
None
None

Surgery
Surgery
Surgery
Surgery

None
NA
None
None

None

NA

None
None

Surgery
and biopsy
Surgery
Surgery

None
None

1
NA
NA
1
1
None
1

Biopsy
Surgery
Surgery
Surgery
Biopsy
Surgery
Surgery

None
NA
NA
2
NA
1
None

None
None
NA
NA
None

Surgery
Surgery
Surgery
Surgery
Surgery (2)
Biopsy (1)
Surgery
Biopsy

None
None
1
None
1

None
NA

None
1

F/M: Female/male; L/R: Left/right; TSC: Tuberous sclerosis complex; HCC: Hepatocellular cancer; HCA: Hepatocellular adenoma; FNH: Focal nodular
hyperplasia; AML: Angiomyolipoma; NA: Not available.

physical examination based on the available data and
were similar to three female patients in our research.
One of our patients had a fever due to the central
necrosis in the large size of the tumor. Rupture and
hemorrhage were reported as the first symptoms in a
[22,25]
few cases
. Abnormal liver function was frequently
observed in patients with larger tumor size. Tumor
size varied considerably, with lesions ranging from
a few millimeters to as large as 30 cm having been
reported. In general, bigger tumors have greater
malignant potential. There was no difference regarding
the location of the tumor in either the left or right
lobe (44:39). Some reports showed that 26%-32%
[28,29]
of AML patients had associated TSC
; however,
[26]
interestingly, this ratio was less than 5% in China .
Among 75 patients who had valid data, only 5 (5/75,
6%) were associated with TSC, which was similar to
the domestic study. All four cases in our report were
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solitary tumors without TSC. It was confirmed that
approximately 50% of TSC patients had AML, but
approximately 80% of the patients with AML were
sporadic cases, which were not related to TSC.
HEAML always presents with less typical imaging
manifestations, especially when smooth muscle and
vascular components dominated in tumor as seen
in the less fat types, which leads to confusion with
other hepatic tumors easily and making a correct
diagnosis very difficult before surgery. In dynamic
enhanced CT or magnetic resonance imaging, multiple
[21,23,24]
manifestations of HEAML were observed
. Most
were obviously enhanced in the early arterial phase
but showed low density in the portal venous phase
and delayed phase, which has been confirmed by our
research and by previous reports in the literature.
Similar imaging signs could be observed in other
hypervascular hepatic lesions, just like HCC. It is very

4914

May 28, 2016|Volume 22|Issue 20|

Liu J et al . HEAML is a malignant potential tumor
difficult to discriminate between HEAML and HCC;
60% of patients with HEAML were misdiagnosed with
HCC before surgery in 81 cases. According to the
pathology, the so-called “false capsule” of HEAML,
different from the real capsule of HCC, was just formed
by the compression of the surrounding liver tissues,
and had no histological structure in fact. Although
the excretion of the contrast medium was relatively
slow on the imaging in HEAML, this difference was not
enough to distinguish the HCC or HEAML, especially
in large tumors with central necrosis or hemorrhage.
Focal nodular hyperplasia (FNH) always showed a
central scar, which is a characteristic sign and could
be an important basis in the differential diagnosis. In
addition, FNH presented delayed enhancement on
enhancement scans, which was also different from
most HEAML. One patient in our study was diagnosed
with hepatic adenoma during hospitalization because
of enhancement in all phases on enhancement scans.
Other fat rich tumors such as lipoma show almost no
enhancement on imaging scans because of poor blood
supply.
Pathology is the only definite diagnostic criteria.
The gross observation of HEAML is not characteristic;
most are solitary but multifocal tumors, such as
cystic degeneration, have been reported in several
case reports. Its morphological features under the
[26]
microscope were revealed by Xu et al
by analyzing
25 cases of HEAML. It was characterized by marked
cytological atypia; relatively rare mitotic figures; radial
distribution of tumor cells around the thin-walled blood
vessels or muscular vessels; and the presence of
common multinucleated giant cells and large ganglionlike tumor cells. Although the presence of epithelioid
cells is important for the diagnosis of EAML, the ratio is
[29]
still under debate. Aydin et al
thought that it could
be defined as an EAML if epithelioid cell components
were greater than 10%, but most scholars believed
that this standard was too low and should be as high
as 50%, or even more than 90%. In our patients,
the epithelial cells of EAML reached more than 95%.
Apparently, more cases and follow-up results are
needed to reach a unanimous conclusion.
Renal EAML has malignant potential and may
metastasize to the lymph node, liver, lung, or bone
in approximately one-third of cases. Poor outcome is
considered when necrosis, mitotic figures, or a plastic
nucleus are observed in pathological studies. Nese et
[30]
al showed that a carcinoma-like growth pattern and
extrarenal extension and/or renal vein involvement
were significant independent prognostic factors in a
[31]
multivariate analysis. Brimo et al
summarized the
pathological characteristics of renal EAML progression:
(1) ≥ 2 mitotic figures per 10 high-power field;
(2) atypical mitotic figures; (3) ≥ 70% of atypical
epithelioid cells; and (4) necrosis. The presence of 3
or more features was highly predictive of malignant
[32]
behavior. Faraji et al
also showed that marked
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cytological atypia and extensive tumor necrosis were
related to the progression of EAML. Although HEAML
is considered to be a benign tumor in several series of
case reports, 8 cases of malignant HEAML have been
[3,5,7,11,14,26]
reported
, and there is a lack of evidence to
determine whether the same prognostic parameters of
renal EAML are applicable to HEAML.
As a member of the PEComa family, the immu
nological phenotype of HEAML has the characteristics
of bidirectional differentiation of melanoma cells and
smooth muscle cells. The tumor cell is positive for the
expression of cell markers including MART-1, HMB45,
Melan A and SMA, but negative for all epithelial
markers including EMA and S-100. This is the most
important criterion for the differential diagnosis of
HEAML. Those tumor cells are also negative for
typical markers of HCC, including AEP, HepPar 1 and
canalicular polyclonal CEA. HEAML is sometimes
misdiagnosed as malignant melanoma because of
the differentiation of melanocytes; however, primary
hepatic melanoma is very rare, and the tumor cells are
positive for S-100 but negative for smooth muscle cell
markers based on immunohistochemical analysis.
Based on previous reports, surgery is the only
effective way to cure HEAML; however, biopsies were
also used in a few cases with the risk of tumor growth
and metastasis. In one case, the tumor volume
3
3
increased from 760.8 cm to 1967.8 cm , a 2.6-fold
increase during the 102 d after HEAML was diagnosed
[7]
by biopsy . A metastatic mass in the right lower
quadrant and portal vein thrombosis were suspected
in another biopsy case. Approximately 10% (8/81)
of patients with HEAML had recurrence or metastasis
after surgery, which was a very high and alarming
rate. Although no recurrence or metastasis occurred
in our study, pathological studies still show necrosis,
mitotic figures and liver invasion in two patients, which
indicates aggressive behavior. To be vigilant, although
the majority of AMLs always are considered as benign
tumors for their biological behavior, the potential risk
of malignant changes of HEAML needs to be noticed
and should be followed rigorously after surgery.
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This is the first study to summary the clinical symptoms, imaging manifestations
and pathological features of HEAML by retrospectively analyzing 81 cases from
26 articles, including our four patients, to improve the recognition of HEAML
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Abstract
AIM: To assess and compare the esophageal function
after peroral endoscopic myotomy (POEM) vs other
conventional treatments in achalasia.

Institutional review board statement: This study was reviewed
and approved by Cleveland Clinic Institutional Review Board.

METHODS: Chart review of all achalasia patients who
underwent POEM, laparoscopic Heller myotomy (LHM)
or pneumatic dilation (PD) at our institution between
January 2012 and March 2015 was performed. Patient
demographics, type of achalasia, prior treatments,
pre- and post-treatment timed barium swallow (TBE)
and high-resolution esophageal manometry (HREM)
findings were compared between the three treatment
groups. Patients who had both pre- and 2 mo posttreatment TBE or HREM were included in the final
analysis. TBE parameters compared were barium
column height, width and volume of barium remaining
at 1 and 5 min. HREM parameters compared were
basal lower esophageal sphincter (LES) pressures and
LES-integrated relaxation pressures (IRP). Data are
th
th
presented as mean ± SD, median [25 , 75 percentiles]
or frequency (percent). Analysis of variance, Kruskal2
Wallis test, Pearsons χ test and Fishers Exact tests
were used for analysis.

Informed consent statement: All patients provided written
informed consent prior to their treatments.
Conflict-of-interest statement: There are no conflicts of interest
to report.
Data sharing statement: No additional data are available.
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Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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[1]

RESULTS: A total of 200 achalasia patients were
included of which 36 underwent POEM, 22 underwent
PD and 142 underwent LHM. POEM patients were older
(55.4 ± 16.8 years vs 46.5 ± 15.7 years, P = 0.013)
2
and had higher BMI than LHM (29.1 ± 5.9 kg/m vs 26
2
± 5.1 kg/m , P = 0.012). More number of patients in
POEM and PD groups had undergone prior treatments
compared to LHM group (72.2% vs 68.2% vs 44.3%
respectively, P = 0.003). At 2 mo post-treatment, all TBE
parameters including barium column height, width and
volume remaining at 1 and 5 min improved significantly
in all three treatment groups (P = 0.01 to P < 0.001)
except the column height at 1 min in PD group (P =
0.11) . At 2 mo post-treatment, there was significant
improvement in basal LES pressure and LES-IRP in both
LHM (40.5 mmHg vs 14.5 mmHg and 24 mmHg vs 7.1
mmHg respectively, P < 0.001) and POEM groups (38.7
mmHg vs 11.4 mmHg and 23.6 mmHg vs 6.6 mmHg
respectively, P < 0.001). However, when the efficacy of
three treatments were compared to each other in terms
of improvement in TBE or HREM parameters at 2 mo,
there was no significant difference (P > 0.05).

year . The disease is characterized by aperistalsis
of the esophageal body and impaired relaxation of
the lower esophageal sphincter (LES), caused by
progressive destruction and degeneration of neurons
in the myenteric plexus. Typical symptoms of achalasia
are dysphagia, regurgitation of undigested food,
retrosternal pain, and weight loss. The disease is
irreversible and all the current treatments of achalasia
[2]
are aimed at palliation of symptoms . Established
treatment options include disruption of the LES by
endoscopic pneumatic dilation (PD) and laparoscopic
Heller myotomy (LHM). Both treatments are considered
the “standard of care” and have similar excellent shortterm results, as demonstrated in a large, randomized,
[3]
controlled trial . Because of submucosal fibrosis
after treatment and the natural course of the disease,
symptoms can recur, leading to a need for retreatment
in some patients. LHM has been shown to provide
more durable long-term symptom relief than PD and
[4]
is considered the preferred treatment . Recently,
peroral endoscopic myotomy (POEM) is emerging as
an alternative to LHM. POEM has the advantages of
minimal invasiveness of an endoscopic procedure and
[5]
the precision of a surgical myotomy .
Both PD and LHM improve parameters of objective
esophageal function, such as LES pressures on high
resolution esophageal manometry (HREM), esophageal
emptying on timed barium esophagram (TBE) and
[6]
esophagogastric junction (EGJ) distensibility . Objec
tive improvement in these parameters regardless
of symptoms is predictive of long-term favorable
response. For example, patients with LES-Integrated
relaxation pressures (IRP) of > 10 mmHg after
treatment were shown to have a significantly higher
[7-9]
[10]
risk for retreatment during follow-up . Vaezi et al
have shown that patients with incomplete esophageal
emptying after PD on TBE had a 90% risk for treat
ment failure within 1 year, whereas the treatment
success rate remained about 90% in patients with
complete emptying. Therefore, these parameters are
useful not only to objectively determine esophageal
function post-treatment, but also for predicting the
need for retreatments.
Since POEM is relatively new, only short- and
intermediate-term treatment success rates are av
ailable. There were several studies that showed
objective improvement in esophageal function
[11-15]
assessed by HREM and TBE findings after POEM
.
[16]
Bhayani et al , reported that improvement in HREM
parameters after POEM was comparable to LHM.
To date, there are several studies comparing the
improvement in esophageal function between either
PD and LHM or POEM and LHM. However, there are
no studies comparing the outcomes between all three
treatment modalities. Hence, the aim of this study
was to compare objective improvement in esophageal
function among achalasia patients who underwent
POEM, LHM and PD at our institution.

CONCLUSION: POEM, PD and LHM were all effective
in improving esophageal function in achalasia at shortterm. There was no difference in efficacy between the
three treatments.
Key words: Achalasia; Dysphagia; Heller myotomy;
Peroral endoscopic myotomy; Manometry; Pneumatic
dilation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study evaluated and compared the efficacy
of peroral endoscopic myotomy with laparoscopic
Heller myotomy and pneumatic dilation in improving
esophageal function in achalasia. Esophageal function
was objectively assessed by timed barium esophagram
and high resolution manometry at 2 mo follow-up. The
results demonstrate that all three treatment modalities
are effective in improving esophageal function at short
term follow-up and there was no difference in efficacy
between the three treatment modalities.
Sanaka MR, Hayat U, Thota PN, Jegadeesan R, Ray M, Gabbard
SL, Wadhwa N, Lopez R, Baker ME, Murthy S, Raja S. Efficacy
of peroral endoscopic myotomy vs other achalasia treatments
in improving esophageal function. World J Gastroenterol 2016;
22(20): 4918-4925 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i20/4918.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i20.4918

INTRODUCTION
Achalasia is a rare primary esophageal motility
disorder, with an incidence of about 1 per 100000 per
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the first incision and 2-4 cm into the stomach wall;
and (3) Closure of the entry site of the submucosal
tunnel by using endoscopic clips. Next day, patients
underwent a soluble contrast swallow radiograph to
exclude transmural perforations. If swallow study is
unremarkable, patients were started on clear liquid
diet, discharged home and were advised to advance
diet gradually over the next 1-2 wk.

MATERIALS AND METHODS
This study was approved by the Institutional Review
Board at the Cleveland Clinic. We reviewed medical
records of all adult achalasia patients who underwent
one of the three treatment modalities at our institution
between January 2012 and March 2015. A written
informed consent was obtained from all patients
prior to the treatments. Patient demographics, type
of achalasia, prior treatments, pre- and 2-mo posttreatment TBE and HREM parameters were compared
between the three treatment groups. All patients
undergoing either POEM or LHM had TBE and HREM
performed before and at two months post-treatment
as part of our standard clinical practice. Most of the
patients who underwent PD had TBE and HREM
performed before and TBE alone performed at two
months post-treatment.

HREM procedure

HREM was performed by using the following protocol: a
36-channel, solid-state catheter system with high-fidelity
circumferential sensors at 1-cm intervals was advanced
through the nasal canal (Sierra Scientific Instruments
Inc., Los Angeles, CA, United States). Pressure data of
ten, 5 mL swallows of water were recorded and analyzed
by using a dedicated computerized analysis system. All
relevant parameters were analyzed according to the
Chicago classification. Diagnostic criteria for achalasia
were incomplete relaxation of LES (IRP > 15 mmHg)
and aperistalsis of the esophageal body. Achalasia
was classified into type I, if there was 100% peristasis
without esophageal pressurization, type II if there was
pan-esophageal pressurization > 30 mmHg in ≥ 20%
of swallows and as type III when there were premature
contractions in ≥ 20% of swallows.

LHM procedure

In our patients, LHM was performed with anterior
approach and thoracic esophagus was mobilized and
full-thickness myotomy was performed along distal
4-6 cm of esophagus and was extended 2-3 cm on
to the gastric wall. Subsequently a partial anterior
fundoplication (Dor fundoplicaiton) was performed.
Patients underwent barium swallow study next day to
exclude perforation and liquid diet was initiated and
gradually advanced over the next few days.

TBE procedure

Patients were instructed to drink the maximum volume
of dilute barium sulfate contrast (45% weight in
volume) that they could tolerate without regurgitation
or aspiration (mostly between 100 and 250 mL) over
a period of 30 to 45 s. With the patient in upright
position, radiographs of the esophagus were taken at
1 and 5 min after the last swallow. Height and width of
the barium column were measured using a calibrated
ruler. Estimated esophageal barium volume was
2
calculated as a simple cylinder (pr × height of barium
column, r = barium width divided by 2).

PD procedure

A standard upper endoscopy was performed under
sedation by monitored anesthesia care and esophagus
was cleared of any residual food debris. A guidewire
was placed into the antrum and under fluoroscopic
guidance, and a Rigiflex balloon (Boston Scientific,
MA, United States) of either 30 mm or 35 mm
diameter was passed and positioned across the
gastroesophageal junction and inflated for few seconds
until the “waist” was obliterated. A 30 mm balloon was
used when patients underwent PD for the first time,
and a 35 mm balloon was used for patients undergoing
subsequent PD. All patients underwent a barium
swallow post-procedure to exclude a perforation and
were discharged home on clear liquid diet with gradual
advancement of diet.

Statistical analysis

POEM procedure

All POEM procedures were performed under general
anesthesia in an operating room using standard steps
[5]
as described by Inoue et al . The steps were (1)
creation of a submucosal tunnel starting approximately
12 cm proximal to the LES and extending distally to
about 2-4 cm into the stomach side. The submucosal
tunnel was usually created on anterior esophageal wall
except in post-Heller patients in whom it was created
on the posterior esophageal wall; (2) Myotomy of the
circular muscle fibers starting 3-4 cm distally from

WJG|www.wjgnet.com
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Data are presented as mean ± SD, median (25 ,
th
75 percentiles) or frequency (percent). A univariable
analysis was performed to assess differences between
treatment groups. Analysis of variance (ANOVA) or
the non-parametric Kruskal-Wallis tests were used
for continuous or ordinal variables and Pearson’s chisquare tests were used for categorical factors. When
the overall test suggested a difference between at
least 2 of the groups, post-hoc comparisons were
done at a significance level of 0.017 (0.05/3 tests) to
adjust for multiple comparisons. In addition, analysis
of covariance was performed to assess the association
between treatment and outcomes while adjusting for
possible confounders. For each outcome, a logarithm
transformation ln[(y-1) + min(y)] was modeled as the
dependent variable with age at time of treatment, body
mass index (BMI) and having had previous treatments
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Table 1 Patient characteristics n (%)
PD (n = 22)

LHM (n =142)

POEM (n =36)

Factor

n

Summary

n

Summary

n

Summary

Age at diagnosis (yr)
Age at current treatment (yr)
Gender
Female
Male
Ethnicity
White
Black
Other
BMI (kg/m2)
Achalasia sub-type
Subtype 1
Subtype 2
Subtype 3
Achalasia variant
Prior treatments
Received any prior treatment
Months from last to current treatment
Botulinium toxin injection
PD
LHM
Botulinum toxin injection and regular
endoscopic balloon dilation
Regular endoscopic balloon dilation

22
22
22

47.5 ± 17.0
50.3 ± 17.9

142
142
142

45.8 ± 15.6
46.5 ± 15.73

36
36
36

52.6 ± 17.2
55.4 ± 16.82

11 (50.0)
11 (50.0)
22

22
14

71 (50.0)
71 (50.0)
141

17 (77.3)
4 (18.2)
1 (4.5)
27.1 ± 6.9

142
120

5 (35.7)
6 (42.9)
2 (14.3)
1 (7.1)

12 (33.3)
24 (66.7)
36

118 (83.7)
19 (13.5)
4 (2.8)
26.0 ± 5.13

36
34

30 (25.0)
82 (68.3)
1 (0.83)
7 (5.8)

31 (86.1)
4 (11.1)
1 (2.8)
29.1 ± 5.92

P value
0.078a
0.013a
0.19c

0.85d

0.012a
0.023d

13 (38.2)
18 (52.9)
3 (8.8)
0 (0.0)

22
14
22
22
22
22

15 (68.2)
17.7 [2.3, 87.5]
1 (4.5)
9 (40.9)2
7 (31.8)2
2 (9.1)

140
54
140
140
140
140

62 (44.3)3
6.3 [3.2,28.5]
16 (11.4)
19 (13.6)1,3
1 (0.71)1,3
1 (0.71)

36
25
36
36
36
36

26 (72.2)2
14.7 [6.4,20.2]
8 (22.2)
11 (30.6)2
10 (27.8)2
0 (0.0)

22

3 (13.6)

140

34 (24.3)3

36

2 (5.6)2

0.003c
0.29b
0.11c
0.002c
< 0.001c
0.050d
0.031c

1

Significantly different from PD; 2Significantly different from LHM; 3Significantly different from POEM. Values presented as Mean ± SD, Median [P25, P75]
or N (column %). P-value: a = ANOVA, b = Kruskal-Wallis test, c = Pearson's χ 2 test, d = Fisher's Exact test. PD: Pneumatic dilation; LHM: Laparoscopic
Heller myotomy; POEM: Peroral endoscopic myotomy.

Both basal LES and LES-IRP pressures improved
significantly after both POEM and LHM (P < 0.05).
HREM was not routinely performed in all PD patients
post-treatment and hence that data is not available.
Actual LES-IRP at 2 mo decreased to less than 10
mmHg in 66/92 patients (71.7%) in LHM group, 19/26
patients (73.1%) in POEM group and 0/3 patients (0%)
in PD group (P not significant). TBE parameters such
as barium column height, width and volume remaining
at both 1 min and 5 min improved significantly in all
the three treatment groups (P < 0.05) except column
height at 1 min in TBE group (P = 0.11). Actual barium
column height at 5 min on TBE at 2 mo decreased by
more than 50% in 73/131 patients (55.7%) in LHM
group, 16/34 patients (47.1%) in POEM group and
7/20 patients (35%) in PD group (P not significant).
Eckardt symptom scores improved significantly in both
POEM and LHM patients (although only 7 patients had
these available both pre- and post-treatment in LHM
group). Eckardt scores were not available in PD group.
Details of multivariate analysis assessing preand post-treatment differences in HREM and TBE
parameters in all three treatment groups are shown in
Table 4. The degree of improvement in TBE parameters
did not significantly differ among the three treatment
groups (P > 0.05). Similarly, there was no significant
difference in improvement in HREM parameters
between the POEM and LHM groups (P > 0.05). Only 3
patients in the PD group had HREM testing done preand post-treatment, hence this group was not included

as the independent variables. No adjustments were
done for type of achalasia because (1) it was missing
for > 15% of patients and (2) it is a 5 level variable.
All analyses were performed using SAS version 9.4
(The SAS Institute, Cary, NC, United States) and a
P-value < 0.05 was considered statistically significant.
The statistical methods of this study were reviewed by
Rocio Lopez, MS, Biostatistician from Department of
Biostatistics, Cleveland Clinic, Cleveland, OH, United
States.

RESULTS
A total of 200 achalasia patients were included of
which 36 underwent POEM, 22 underwent PD and 142
underwent LHM. Baseline patient characteristics are
summarized in Table 1. Patients who underwent POEM
were significantly older compared to LHM patients (55.4
years vs 46.5 years, P = 0.013). POEM patients also
2
had higher BMI compared to LHM patients (29.1 kg/m
2
vs 26 kg/m , P = 0.012). PD and POEM patients have
had more prior treatments performed compared to
LHM patients (68%, 72% and 44%, P = 0.003).
Pre-treatment and 2-mo post-treatment TBE and
HREM findings in the three treatment groups are
summarized in Tables 2 and 3. There was no significant
difference in pre-treatment TBE and HREM parameters
in all three treatments groups (P > 0.05). Posttreatment, there was significant improvement in TBE
and HREM parameters in all three treatment groups.
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Table 2 High-resolution esophageal manometry and timed barium swallow findings: Univariable analysis
PD (n = 22)

n

Factor
Pre-treatment
Eckardt score
HREM
Basal mean pressure (mmHg)
LES-IRP pressure (mmHg)
TBE
Height in 1 min (cm)
Width in 1 min (cm)
Volume remaining at 1 min (cc)
Height in 5 min (cm)
Width at 5 min (cm)
Volume remaining at 5 min (cc)
2-mo post-treatment
Eckardt score
HREM
Basal mean pressure (mmHg)
LES-IRP pressure (mmHg)
TBE
Height in 1 min (cm)
Width in 1 min (cm)
Volume remaining at 1 min (cc)
Height in 5 min (cm)
Width at 5 min (cm)
Volume remaining at 5 min (cc)
Post - pre treatment difference
Eckardt score
HREM
Post-Pre basal mean pressure (mmHg)
Post-Pre LES-IRP pressure (mmHg)
TBE
Post-Pre height at 1 min (cm)
Post-Pre width at 1 min (cm)
Post-Pre volume at 1 min (cc)
Post-Pre height at 5 min (cm)
Post-Pre width at 5 min (cm)
Post-Pre volume at 5 min (cc)

LHM (n = 142)

n

Summary

POEM (n = 36)

Summary

n

Summary

P value

2

7.0 (7.0, 7.0)

9

6.0 (5.0, 7.0)

36

6.5 (5.0, 8.0)

0.77

2
3

31.9 (10.6, 53.2)
29.1 (12.0, 34.5)

86
92

40.5 (27.2, 51.7)
24.0 (17.5, 34.4)

24
26

38.7 (27.0, 48.7)
23.6 (20.2, 33.4)

0.89
0.92

133
133
133
131
131
131

9.5 (7.2, 15.0)
3.0 (2.5, 4.0)
71.6 (41.1, 131.9)
8.0 (5.0, 12.5)
2.5 (2.0, 3.7)
49.1 (15.7, 91.6)

34
34
34
34
34
34

9.8 (4.0, 14.5)
3.4 (2.0, 4.4)
52.8 (37.7, 119.2)
5.3 (2.5, 10.0)
2.5 (1.5, 4.0)
25.4 (11.3, 62.8)

0.43
0.93
0.44
0.063
0.83
0.12

22
22
22
20
20
20

10.2 (7.0, 13.6)
3.4 (2.5, 4.0)
67.3 (44.0, 126.2)
6.5 (4.0, 10.5)
2.7 (2.0, 3.6)
40.8 (15.5, 73.1)

4

4.5 (2.0, 6.0)

50

1.00 (0.00, 2.0)

36

1.00 (0.00, 2.0)

0.073

2
3

22.0 (18.8, 25.1)
10.8 (10.5, 19.4)

86
92

14.5 (7.6, 22.7)
7.1 (3.9, 10.7)

24
26

11.4 (8.2, 20.2)
6.6 (3.3, 11.1)

0.32
0.18

22
22
22
20
20
20

8.0 (5.8, 11.0)
2.0 (1.5, 2.5)
25.4 (14.1, 41.7)
2.2 (0.00, 6.5)
1.05 (0.00, 2.6)
4.1 (0.00, 30.2)

133
133
133
131
131
131

6.7 (4.5, 10.2)
2.0 (1.2, 2.5)
20.4 (6.0, 49.8)
2.5 (0.00, 6.2)
1.00 (0.00, 2.1)
2.7 (0.00, 21.2)

34
34
34
34
34
34

6.3 (2.1, 9.5)
1.6 (0.50, 2.5)
12.8 (0.79, 47.7)
2.3 (0.00, 6.9)
0.50 (0.00, 2.0)
0.54 (0.00, 18.8)

0.39
0.28
0.31
0.94
0.97
0.98

-

-

7

-6.0 (-8.0, -2.0)

36

-6.0 (-7.0, -4.0)

0.75

2
3

-10.0 (-34.4, 14.5)
-9.7 (-23.7, -1.5)

86
92

-25.1 (-36.8, -12.1)
-15.2 (-26.4, -8.3)

24
26

-19.6 (-43.1, -11.9)
-14.2 (-24.5, -7.8)

0.78
0.60

22
22
22
20
20
20

-0.90 (-5.5, 1.9)
-1.4 (-2.0, -0.30)
-40.2 (-81.2, -14.1)
-0.75 (-5.4, 0.05)
-0.90 (-2.3, 0.00)
-14.0 (-45.9, -2.6)

133
133
133
131
131
131

-2.5 (-7.0, 0.30)
-1.00 (-2.0, -0.20)
-35.8 (-101.8, -10.4)
-4.7 (-10.0, 0.00)
-1.5 (-2.2, -0.20)
-31.3 (-66.1, -5.5)

34
34
34
34
34
34

-2.8 (-8.5, 1.5)
-1.5 (-2.1, 0.00)
-29.5 (-100.7, -0.29)
-2.0 (-7.5, 1.9)
-1.00 (-2.4, 0.00)
-17.0 (-37.7, 0.00)

0.73
0.79
0.74
0.069
0.86
0.14

Values presented as Median (P25, P75) with Kruskal-Wallis tests. PD: Pneumatic dilation; LHM: Laparoscopic Heller myotomy: POEM: Peroral endoscopic
myotomy; HREM: High resolution esophageal manometry; TBE: Timed barium esophagram; LES: Lower esophageal sphincter; IRP: Integrated relaxation
pressure.

and also to predict long term response. HREM
parameters such as LES-IRP were shown to correlate
[17,18]
with symptom scores of achalasia
. Several studies
in achalasia patients treated with PD and LHM have
shown that the HREM parameters also predict long
[6-9,19]
term need for retreatment
. As such LES-IRP of
greater than 10 mmHg after treatment was predictive
of requiring retreatment on follow-up. In our study,
LES-IRP decreased significantly after treatment in all
three treatment modalities (although only 3 patients in
PD group had HREM post-treatment). Post-treatment
LES-IRP was only 7.1 mmHg and 6.6 mmHg in LHM
and POEM groups respectively, and hence we predict
our patients would have excellent long term efficacy.
[12]
Teitelbaum et al
have shown that decreased LESIRP at 2 mo after POEM persisted at 1 year as well,
which supports our long-term prediction in our POEM
and LHM groups.

in the multivariate analysis on HREM.

DISCUSSION
Our study showed that all three treatment modalities
for achalasia namely PD, LHM and POEM were effective
in improving esophageal function evaluated at 2
mo post-treatment. All three treatments resulted in
significant improvement in esophageal emptying on
TBE. Both POEM and LHM led to significant decrease
in LES pressures on HREM. More importantly, this is
the first study that demonstrates efficacy of all three
treatments and that there was no significant difference
in efficacy between the three treatments on short term
follow-up.
Pre and post-treatment physiologic evaluation
of esophageal function in achalasia by HREM is very
important to assess the improvement after treatment

WJG|www.wjgnet.com

4922

May 28, 2016|Volume 22|Issue 20|

Sanaka MR et al . Esophageal function after POEM
Table 3 Improvement in high resolution esophageal manomtery and timed barium esophagram parameters in each treatment group
PD (n = 22)
Factor

n

Pre-Treatment

Post-treatment

P value

HREM1
TBE
Height at 1 min (cm)
Width at 1 min (cm)
Volume at 1 min (cc)
Height at 5 min (cm)
Width at 5 min (cm)
Volume at 5 min (cc)

22
22
22
20
20
20

10.2 (7.0, 13.6)
3.4 (2.5, 4.0)
67.3 (44.0, 126.2)
6.5 (4.0, 10.5)
2.7 (2.0, 3.6)
40.8 (15.5, 73.1)

8.0 (5.8, 11.0)
2.0 (1.5, 2.5)
25.4 (14.1, 41.7)
2.2 (0.00, 6.5)
1.05 (0.00, 2.6)
4.1 (0.00, 30.2)

0.11
< 0.001
< 0.001
0.026
< 0.001
0.001

LHM (n = 142)
Factor
HREM
Basal mean pressure (mmHg)
LES-IRP pressure (mmHg)
TBE
Height at 1 min (cm)
Width at 1 min (cm)
Volume at 1 min (cc)
Height at 5 min (cm)
Width at 5 min (cm)
Volume at 5 min (cc)

86
92

40.5 (27.2, 51.7)
24.0 (17.5, 34.4)

14.5 (7.6, 22.7)
7.1 (3.9, 10.7)

< 0.001
< 0.001

133
133
133
131
131
131

9.5 (7.2, 15.0)
3.0 (2.5, 4.0)
71.6 (41.1, 131.9)
8.0 (5.0, 12.5)
2.5 (2.0, 3.7)
49.1 (15.7, 91.6)

6.7 (4.5, 10.2)
2.0 (1.2, 2.5)
20.4 (6.0, 49.8)
2.5 (0.00, 6.2)
1.00 (0.00, 2.1)
2.7 (0.00, 21.2)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

POEM (n = 36)
Factor
Eckardt score
HREM
Basal mean pressure (mmHg)
LES-IRP pressure (mmHg)
TBE
Height at 1 min (cm)
Width at 1 min (cm)
Volume at 1 min (cc)
Height at 5 min (cm)
Width at 5 min (cm)
Volume at 5 min (cc)

36

6.5 (5.0, 8.0)

1.00 (0.00, 2.0)

< 0.001

24
26

38.7 (27.0, 48.7)
23.6 (20.2, 33.4)

11.4 (8.2, 20.2)
6.6 (3.3, 11.1)

< 0.001
< 0.001

34
34
34
34
34
34

9.8 (4.0, 14.5)
3.4 (2.0, 4.4)
52.8 (37.7, 119.2)
5.3 (2.5, 10.0)
2.5 (1.5, 4.0)
25.4 (11.3, 62.8)

6.3 (2.1, 9.5)
1.6 (0.50, 2.5)
12.8 (0.79, 47.7)
2.3 (0.00, 6.9)
0.50 (0.00, 2.0)
0.54 (0.00, 18.8)

0.01
< 0.001
< 0.001
0.017
< 0.001
0.003

1

HREM data not available in PD group. Values presented as Median (P25, P75) with Wilcoxon signed rank test. PD: Pneumatic dilation; LHM: Laparoscopic
Heller myotomy; POEM: Peroral endoscopic myotomy; HREM: High resolution esophageal manometry; TBE: Timed barium esophagram; LES: Lower
esophageal sphincter; IRP: Integrated relaxation pressure.

Esophageal emptying assessed by a TBE is a com
plementary test to HREM for functional assessment
of esophageal physiology. Similar to LES-IRP, posttreatment improvement in esophageal emptying is a
[3,10]
predictor of the need for retreatment in achalasia
.
[10]
Vaezi et al
have shown that successful esophageal
emptying, defined as at least 50% reduction of barium
column after treatment, was associated with long-term
remission of symptoms. In that study, patients with
sub-optimal esophageal emptying after PD required
retreatments on long-term follow-up. In our study,
barium column height decreased by more than 50%
in all three treatments groups at 2 mo follow-up,
reinforcing the efficacy of all three treatments. In our
POEM patients, Eckardt scores improved significantly
paralleling the improvement in LES pressures.
However, we suspect to have had similar decrease
in Eckardt scores in LHM and PD groups if they were
available, since LES pressures decreased significantly
in those patients as well. There was also no significant
difference in esophageal emptying between the three
treatment groups, reinforcing comparable efficacy of

WJG|www.wjgnet.com

all three treatment modalities.
In our study, there were some notable differences
in patient characteristics among PD, LHM and POEM
groups. Patients in POEM and PD treatments groups
were older, had higher BMI, and more likely to have
received prior treatments. This is likely due to the
selection bias of a particular treatment modality for
different patients at our institution. Usually younger
patients and fit surgical candidates were offered LHM
due to its well established long term durability record.
Older and somewhat less ideal surgical candidates
were preferentially offered either PD or POEM. Initially
the following subsets of patients were considered
for POEM: (1) Obese patients, patients with upper
abdominal surgical scars i.e., hostile abdomen and
those with prior failed LHM, in whom LHM is technically
difficult or less desirable; and (2) patients over 60
years of age (not younger patients since long term
cumulative effects of gastroesophageal reflux disease
(GERD) after POEM are not yet known). However,
we do not believe that this selection bias should have
affected the results of our study significantly.
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Table 4 High resolution esophageal manomtery and Timed barium esophagram findings: Adjusted analysis
Outcome
Eckardt score
HREM
Post-Pre basal mean pressure (mm Hg)
Post-Pre LES-IRP pressure (mm Hg)
TBE
Post-Pre height at 1 min (cm)
Post-Pre width at 1 min (cm)
Post-Pre volume at 1 min (cc)
Post-Pre height at 5 min (cm)
Post-Pre width at 5 min (cm)
Post-Pre volume at 5 min (cc)

1

PD

LHM

POEM

P value

2

-5.7 (-6.7, -4.5)

-5.6 (-6.1, -5.2)

0.94

-27.5 (-30.3, -24.5)
-20.1 (-22.2, -17.9)

-33.1 (-38.0, -27.6)
-20.9 (-24.7, -16.5)

0.084
0.76

-4.6 (-5.5, -3.7)
-1.3 (-1.5, -1.03)
-79.3 (-92.7, -64.8)
-6.0 (-6.8, -5.2)
-1.5 (-1.8, -1.1)
-51.2 (-60.9, -41.0)

-5.4 (-7.1, -3.5)
-1.7 (-2.2, -1.2)
-95.6 (-119.4, -67.6)
-5.8 (-7.3, -4.1)
-1.9 (-2.5, -1.3)
-64.6 (-82.0, -45.3)

0.21
0.28
0.58
0.95
0.47
0.28

2
2

-2.7 (-5.1, -0.05)
-1.4 (-1.9, -0.77)
-81.8 (-112.4, -44.3)
-5.8 (-7.7, -3.7)
-1.6 (-2.4, -0.74)
-68.2 (-89.9, -43.5)

1

ANOVA analysis was used to obtain adjusted means. A logarithm transformation of each outcome [ln(y -1 + min(y)] was modeled as the outcome variable
with age at time of treatment, BMI and having had previous treatments as the independent variables. 2Data not available Only 3 patients in PD group had
HREM testing done both pre- and post-treatment, hence this group was not included in the models. Values presented as mean (95%CI). PD: Pneumatic
dilation; LHM: Laparoscopic Heller myotomy; POEM: Peroral endoscopic myotomy; HREM: High resolution esophageal manomtery; TBE: Timed barium
esophagram; LES: Lower esophageal sphincter; IRP: Integrated relaxation pressure.

There are some limitations in our study including
its retrospective design and only short-term followup. The details of patients’ symptoms such as Eckardt
scores were not available in all our patients except in
the POEM group. Only 3/22 patients had HREM after
treatment in the PD group. Details about GERD, a
common adverse effect of any achalasia treatment,
were not available and hence were not included in
this study. It is also beyond the scope of this paper
and we acknowledge it as one of the limitations of
our study. Evaluation of esophagogastric junction
(EGJ) distensibility by EndoFlip is another parameter
being used for assessing esophageal physiology
[6]
and is a useful predictor of treatment outcomes .
EGJ distensibility was however, not assessed in our
patients. The main strength of our study lies in the real
world scenario of treating patients with established
achalasia and a large number of patients in the study.
All patients had multi-disciplinary clinical evaluation by
gastroenterologists, thoracic surgeons and radiologists,
along with TBE and HREM before and after treatment.
This is also the first study which compared the efficacy
of all three standard treatments of achalasia in a large
number of patients.
In conclusion, this study shows that all three treat
ments of achalasia namely POEM, LHM and PD lead to
improvement in esophageal function as assessed by
HREM and TBE in the short-term. These results support
the selection of any of the three treatment modalities
based on patient characteristics and availability of
local expertise to perform these procedures. Larger,
prospective studies with homogeneous patient popu
lations and longer follow-up are required to compare the
efficacy of these treatment modalities in achalasia.

United States.
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COMMENTS
Background

Achalasia is a primary esophageal motility disorder characterized by
esophageal aperistalsis and impaired relaxation of lower esophageal sphincter.
Standard treatments are palliative and include laparoscopic Heller myotomy
(HLM) and endoscopic pneumatic dilation (PD). Recently peroral endoscopic
myotomy is rapidly emerging as a standard treatment as well. This study
evaluated and compared the efficacy of peroral endoscopic myotomy vs other
standard treatments of achalasia in improving esophageal function.

Research frontiers

Peroral endoscopic myotomy is gaining popularity due to its minimal
invasiveness of an endoscopic procedure and high precision of a surgical
myotomy. There are several studies comparing peroral endoscopic myotomy
with either PD or HLM. This study compared the efficacy of all three treatment
modalities in improving esophageal function. The study findings help the peers
in appropriate selection of each treatment modality based on local expertise
and availability.

Innovations and breakthroughs

Recent innovations in the achalasia include emergence of peroral endoscopic
myotomy as a standard treatment modality. Several studies have shown its
effectives in palliation of symptoms comparable to other treatments such as PD
and HLM. This study evaluated and compared the efficacy of all three standard
treatments in improving esophageal function objectively by timed barium
esophagram and high resolution esophageal manometry. Peroral endoscopic
myotomy was effective and was comparable to other treatments in improving
esophageal function in the short term in patients with achalasia.

Applications

This study results suggested that perooral endoscopic myotomy is effective not
only in proving symptoms but also objective esophageal function in achalasia
similar to PD and HLM. Furthermore, the study findings have practical
implications in the sense that selection of one of the three treatment modalities
may be done based on local expertise and patient choice.

Terminology
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Achalasia is rare primary esophageal disorder characterized by esophageal
peristasis and impaired relaxation of lower esophageal sphincter. Treatment of
achalasia is aimed at palliation of symptoms by disruption of lower esophageal
sphincter. Standard treatments include endoscopic PD, HLM and recently
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emerging incisionless peroral endoscopic myotomy.

Peer-review
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There is paucity of data comparing the efficacy of all three treatment modalities
of achalasia namely HLM, PD and peroral endoscopic myotomy in improving
objective esophageal function. This study showed that all three treatments
modalities are effective and comparable in the short term. These findings have
important practical implications in the treatment of patients with achalasia.
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Abstract

Institutional review board statement: The local ethics com
mittee approved this study.

AIM: To evaluate the performance of elastography by
ultrasound with acoustic radiation force impulse (ARFI)
in determining fibrosis stage in patients with alcoholic
liver disease (ALD) undergoing alcoholic detoxification
in relation to biopsy.

Clinical trial registration statement: This study is registered
at https://clinicaltrials.gov/ct2/show/NCT01789008?term=NC
T01789008&rank=1. The registration identification number is
NCT01789008.

METHODS: Eighty-three patients with ALD undergoing
detoxification were prospectively enrolled. Each
patient underwent ARFI imaging and a liver biopsy on

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.
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of fibrosis, the last of which is cirrhosis. In ALD, it is
important to know the fibrosis stage in order to guide
management decisions and estimate prognosis. The
appropriate intervention strategies can prevent serious
[2]
long-term outcomes . Patients with cirrhosis run a
greater risk of complications (portal hypertension,
hepatocellular carcinoma, ascites, etc.) and need closer
follow-up. Informing patients of their cirrhosis could
also provide an incentive to stop alcohol consumption.
However, patients with severe fibrosis or cirrhosis are
completely clinically asymptomatic for a long period of
time and can be difficult to diagnose.
Liver biopsy is the gold standard for assessment
of liver fibrosis, evaluating fibrosis, steatosis and the
necroinflammatory stage at the same time. However,
biopsy is an invasive procedure associated with
morbidity and minor complications (local discomfort
at the biopsy site, pain and transient hypotension
due to a vasovagal reaction) reported in 5%-20%
of cases and major complications (bleeding and
peritonitis) in 0.3%-0.6% of cases. The mortality
[3]
rate is 0.01%-0.3% . Moreover, there are other
considerations such as contraindications (ascites,
intrahepatic biliary duct dilation, coagulation dis
orders), insufficient sampling and inter-observer
variability. A 1-d hospital stay is also necessary, leading
to significant costs.
This led to the development of alternative noninvasive methods for assessing hepatic fibrosis in
alcoholic liver disease. Serum markers alone or in
combination with specific algorithms have been used
for the non-invasive assessment of liver fibrosis.
®
[4-6]
Examples include Fibrotest , Forns index and APRI .
The limitations of these tests are the influence of
comorbid conditions and a lack of liver specificity.
Another method involves measuring the elasticity
of liver tissue (liver stiffness) which is markedly
influenced by the stage of fibrosis. The most popular
method for measuring liver stiffness is transient
®
elastography (TE) by Fibroscan , which has been
validated for hepatitis C liver disease patients. Some
[7]
authors have even combined TE and serum markers .
A new ultrasound technique has recently emerged:
acoustic radiation force impulse (ARFI) elastography.
ARFI could be of great utility in the measurement
of liver fibrosis in alcoholic liver disease. This noninvasive method has the particular advantage of
combining conventional ultrasound and liver stiffness
measurement. Ultrasound is the primary imaging
technique used worldwide to evaluate diffuse hepatic
diseases. Acoustic radiation force is a phenomenon
associated with the propagation of acoustic waves
in attenuating media. The device generates a shortduration (262 ms) acoustic pulse by ultrasound. This
pulse creates mechanical excitation and displacement
of tissue. The deformation induced by the acoustic
pulse is followed by a relaxation process after which
the tissue returns to its original configuration, gene
rating a shear wave. The speed of this wave is cal

the same day. Fibrosis was staged according to the
METAVIR scoring system. The median of 10 valid ARFI
measurements was calculated for each patient.
RESULTS: Sixty-nine males and thirteen females (one
patient excluded due to insufficient biopsy size) were
assessed with a mean alcohol consumption of 132.4 ±
128.8 standard drinks per week and mean cumulative
year duration of 17.6 ± 9.5 years. Sensitivity and
specificity were respectively 82.4% (0.70-0.95) and
83.3% (0.73-0.94) (AUROC = 0.87) for F ≥ 2 with
a cut-off value of 1.63m/s; 82.4% (0.64-1.00) and
78.5% (0.69-0.89) (AUROC = 0.86) for F ≥ 3 with a
cut-off value of 1.84m/s; and 92.3% (0.78-1.00] and
81.6% (0.72-0.90) (AUROC = 0.89) for F = 4 with a
cut-off value of 1.94 m/s.
CONCLUSION: ARFI is an accurate, non-invasive and
easy method for assessing liver fibrosis in patients with
ALD undergoing alcoholic detoxification.
Key words: Alcoholic liver disease; Elastography; Noninvasive; Acoustic radiation force impulse; Fibrosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of this study was to evaluate the
performance of elastography by ultrasound with
acoustic radiation force impulse (ARFI) in determining
fibrosis stage in patients with alcoholic liver disease
(ALD) undergoing alcoholic detoxification. Compared
to biopsy, ARFI is an accurate, non-invasive and easy
method for assessing liver fibrosis in patients with
ALD undergoing alcoholic detoxification, with a good
sensitivity and specificity.
Kiani A, Brun V, Lainé F, Turlin B, Morcet J, Michalak S, Le
Gruyer A, Legros L, Bardou-Jacquet E, Gandon Y, Moirand R.
Acoustic radiation force impulse imaging for assessing liver
fibrosis in alcoholic liver disease. World J Gastroenterol 2016;
22(20): 4926-4935 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i20/4926.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i20.4926

INTRODUCTION
Chronic alcohol abuse is a major public health problem
worldwide. Alcoholic liver disease (ALD) is one of the
most common complications and a leading cause of
alcohol-related death, due to liver cirrhosis and its
complications. In 2004, 3.8% of all global deaths
and 4.6% of global disability-adjusted life-years were
attributable to alcohol consumption. The treatment of
alcoholic liver disease generates substantial costs for
[1]
the healthcare system .
Three histological lesions characterise ALD: steatosis,
steatohepatitis and fibrosis. There are different stages
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A

B

Figure 1 Image of liver stiffness measurement by acoustic radiation force impulse in patients with alcoholic liver disease. A: Acoustic radiation force impulse
examination of a patient; B: Ten values with associated depths.

culated, providing a quantitative measurement. The
shear wave speed of the tissue can be reconstructed
as soft tissues are elastic and deformed more easily
than rigid tissue.
In the past few years, ARFI has started to be
assessed in comparison to biopsy, TE and biological
markers. These studies mainly involved hepatitis B,
hepatitis C and non-alcoholic steatohepatitis (NASH).
The aim of our prospective study was to evaluate
the performance of ARFI in determining fibrosis stage
in patients with alcoholic liver disease in relation to
biopsy.

(ALT) ratio was greater than one, and GGT was
markedly high, and when the abnormalities decreased
with alcohol withdrawal. Non-inclusion criteria were:
cirrhosis already known or obvious due to clinical
and biological signs (ascites, increased prothrombin
time or oesophageal varices), other causes of hepatic
disease (viral, autoimmune or cholestatic disease) or
contraindication to biopsy. The interval between alcohol
cessation and the procedure was not more than 10 d.
Eighty-three patients were prospectively enrolled.

ARFI elastography

ARFI imaging was performed with a Siemens Acuson
S2000TM ultrasound system (Siemens AG, Erlangen,
Germany), with software version VB10D and a 4C1
curved ultrasound probe. The region of interest (ROI)
of 10 mm length and 5 mm width was placed while
performing B-mode imaging in the right lobe of the
liver at a maximum depth of 8 cm, avoiding large
vessels, biliary ducts and potential lesions (Figure 1).
The operator applied the minimum pressure required
to take the image.
Patients were in fasted state. None had cardiac
disease. They were in the supine position with the
right arm in maximum abduction and were asked to
stop normal breathing for a moment and not inhale
or exhale deeply. The aim was to minimise breathing
motion and avoid inhaling/exhaling, which are known
[8]
influencing factors . The probe was placed between
and parallel to the seventh to tenth intercostal space.
Ten valid acquisitions were obtained for each
patient, in the same intercostal space but with different
locations and at different depths. Each acquisition
period was about 10-15 s long. The median of all 10
acquisitions was calculated and considered as indicative
of fibrosis severity. The results were expressed in m/s.
For each measurement, the depth of the box was
given. Measurements were obtained at a depth of 1
cm from the liver capsule down to a maximum depth
of 8 cm below the transducer. If the measurement was

MATERIALS AND METHODS
Subjects

The local ethics committee approved this study.
All patients gave written informed consent prior to
enrolment. This study is an ancillary single-centre
study of a larger, ongoing, multi-centre trial on
validation of non-invasive fibrosis tests in ALD. Clinical
Trials Identifier: NCT01789008.
From February 2013 to June 2015, the study
was offered to all patients referred to the University
Hospital of Rennes, France, who were admitted to the
addiction treatment unit in the liver disease depart
ment for detoxification with an indication of liver
biopsy for alcoholic liver disease. The inclusion criteria
were: patients over 18 years old, hospitalisation for
alcoholic detoxification, high-risk alcohol consumption
(more than 210 g of alcohol per week for men and
140 g of alcohol per week for women) for a cumulative
period of more than 5 years, a rise in serum aspartate
transferase (AST) greater than 1.5 the upper limit of
the normal range, associated with a rise in gammaglutamyl transferase (GGT) and not explained by
another cause of liver disease. When patients had
features of metabolic syndrome or were obese,
liver disease was felt to be principally due to alcohol
consumption when the AST/alanine amino transferase
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Statistical analysis

Patients
included
n = 83

Patients with
liver biopsy
n = 83

Groups of patients were formed according to fibrosis
stage and data were expressed as mean ± SD
if normally distributed and median (range) if not
normally distributed. Comparisons between groups
were made using t-tests for normally distributed
variables, Mann Whitney U test for non-normally
2
distributed variables and the χ test or Fisher’s exact
test for categorical variables. Spearman’s analysis was
used to determine any correlations. Optimal cut-off
values for fibrosis stages F ≥ 2, F ≥ 3 and F = 4 were
determined by optimisation of Youden’s index from the
AUROC curve analysis. Sensitivity, specificity, negative
predictive value (NPV) and positive predictive value
(PPV) were also calculated. The variables tested in the
univariate analysis were ARFI, effects of prothrombin,
alkaline phosphatase, albumin, γ-globulin, platelets,
AST, ALT, γ-glutamyl transferase, iron, ferritin, age,
sex, BMI and hypertension (P < 0.2). Multivariate
ordinal logistic regression analysis using fibrosis stage
(in three classes: F0-F1/F2/F3-F4) as the outcome
variable was used to assess the strength of the
relationship with ARFI even after adjustments for
other factors associated with fibrosis progression or
confusion factors. A P value of < 0.05 was considered
statistically significant. An algorithm was developed
using the clustering method. Statistical analyses were
performed using SAS V9.4 software (SAS Institute,
United States).

Liver biopsy of insufficient size
for fibrosis staging
n =1

Patients evaluated
with ARFI and liver biopsy
n = 82

Figure 2 Patient flowchart. ARFI: Acoustic radiation force impulse.

technically evaluated as non-reliable by the device,
X.XX was displayed on the screen. Reliable, successful
liver stiffness measurements were defined as the
median of 10 valid measurements with a success rate
≥ 60% (based on TE).
The operator was blinded for all patient charac
teristics including clinical, biological and histological
data.

Abdominal ultrasound

Liver and abdominal ultrasound imaging was per
formed at the same time for all patients using the
same device and probe as for the ARFI examination.
We recorded the right liver lobe size (right liver arrow),
the distance between the skin and the superficial liver
capsule, the liver structure and any focal liver lesion.

RESULTS
Eighty-two patients (69 males and 13 females) were
evaluated in the analysis. One enrolled patient was
excluded due to insufficient biopsy size (Figure 2). The
mean age of the patients was 43.8 ± 10 years and
2
the mean BMI was 22.9 ± 4.3 kg/m . Mean alcohol
consumption was 132.4 ± 128.8 standard drinks
(defined as 10 g of pure alcohol per standard drink
in France) per week with a mean cumulative year
duration of 17.6 ± 9.5 years. Mean biopsy size was
30.7 ± 10.5 mm. Patient characteristics and fibrosis
stages are summarised in Tables 1 and 2 respectively.
Successful liver stiffness measurements (10 valid
measurements) were obtained in 100% of patients
measured with ARFI imaging.
The median values for ARFI imaging according
to fibrosis stage are described in Table 2 (mean of
medians ± SD). The results showed a significant and
strong correlation between ARFI measurements and
the histological fibrosis stage (P < 0.0001) (Figure
3). Analyses to determine the optimal ARFI cut-off
values were performed according to stages of clinical
interest, for F ≥ 2, ≥ F3 and F = 4. AUROC values
were respectively 0.87, 0.86 and 0.89 (Figure 4).
Sensitivity, specificity, PPV and NPV are shown in Table
3 according to the cut-off values.

Liver biopsy

Liver biopsy was performed under percutaneous
ultrasound guidance after ARFI acquisition on the same
day. The liver samples were fixed and for each patient
three slides were stained with hematoxylin-eosin and
Sirius red. To avoid sampling errors, specimens under 15
mm long were excluded. A senior pathologist, blinded to
clinical, histological, biological and ARFI data, assessed
the liver biopsies according to the METAVIR scoring
[9]
system . Fibrosis was staged from 0 to 4 determined
according to the METAVIR score: F = fibrosis. F0: no
fibrosis; F1: portal fibrosis without septa (minimal
fibrosis); F2: portal fibrosis with rare septa (moderate
fibrosis); F3: numerous septa without cirrhosis (severe
fibrosis); and F4: cirrhosis. Perisinusoidal fibrosis was
[10]
evaluated according to Brunt’s score .

Clinical and biological parameters

Biological parameters were measured prior to liver
biopsy and ARFI. These included: prothrombin,
alkaline phosphatase, albumin, γ-globulin, platelets,
AST, ALT, γ-glutamyl transferase, iron and ferritin.
Other parameters were age, sex, body mass index
(BMI) and hypertension.
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Table 1 Clinical and biochemical characteristics of patients
with alcoholic liver disease

Table 3 Diagnostic performance of acoustic radiation force
impulse for the different liver fibrosis stages

Characteristic

Normal values

Patients included
(n = 82)

Diagnostic parameters

Sex (male/female)
Age (yr)
Body mass index (kg/m2)
AST (IU/L)
ALT (IU/L)
γ-glutamyl transpeptidase (IU/L)
γ-globulin (g/L)
Alkaline phosphatase (IU/L)
Prothrombin (%)
Platelets (× 109/L)
Iron (μmol/L)
Ferritin (μg/L)

NA
NA
NA
0-35
0-35
5-36
7-15
30-120
70-130
180-390
18-22
Male: 30-300
Female: 20-150
40-60

69/13
43.8 ± 10
22.9 ± 4.3
62.0 (44-98)
67.0 (40-105)
316.0 (141-654)
8.7 (7.4-10.4)
90.5 (66-121)
101.2 ± 12.4
191.5 ± 71.7
16.2 ± 8.1
478.0 (310.5-787.5)
404.0 (216.0-783.0)
39.0 ± 4.9

Albumin (g/L)

ARFI cut-off (m/s)
Sensitivity (%)
Specificity (%)
Area under curve
(AUROC)
PPV (%)
NPV (%)

ARFI (m/s)

13
35
17
4
13

1.25 ± 0.31
1.40 ± 0.36
1.86 ± 0.42
1.83 ± 0.47
2.25 ± 0.36
< 0.0001

F0
F1
F2
F3
F4
P value

1.63
1.84
1.94
82.4 (0.70-0.95) 82.4 (0.64-1.00) 92.3 (0.78-1.00)
83.3 (0.73-0.94) 78.5 (0.69-0.89) 81.6 (0.72-0.90)
0.87
0.86
0.89
77.8 (0.64-0.91) 50.0 (0.31-0.69) 48.0 (0.28-0.68)
87.0 (0.77-0.97) 94.4 (0.88-1.00) 98.2 (0.95-1.00)

Characteristic

Univariate analysis
OR (95%)
P value

Multivariate analysis
OR (95%)
2
R = 0.61;
1
STPOA : 0.76

ARFI

29.06 [8.59-98.33]
P < 0.0001

40.71 [9.94-166.7]
P < 0.0001

Sex
Female
Male
Age
< 50 yr
≥ 50 yr
Body mass index
AST
ALT
γ-glutamyl
transpeptidase
γ-globulin
< 10
≥ 10

ARFI: Acoustic radiation force impulsepredicting.

Significant variables in univariate analyses (P <
0.2) as described previously were entered into the
multivariate model (Table 4). The proportional odds
assumption was verified (P = 0.76) and the coefficient
of determination (R²) was 61%. Age ≥ 50 [OR =
4.73 (1.43-15.66)] and γ-globulin ≥ 10 g/L [OR =
9.67 (2.19-42.63)] were independently associated
with fibrosis stage. Moreover, the relationship
between fibrosis and ARFI was still significant [40.71
(9.94-166.7)] after adjusting for those additional
parameters.
The correlation between the mean and median
of the 10 values was excellent with a Spearman
correlation coefficient of 0.98 (P < 0.001).
Medians were calculated using a different number
of values (2-9) to determine whether or not there was
a need for 10 values. The values were taken in order.
Spearman’s correlation coefficient is 0.98 between the
median of 10 and 6 values (P < 0.0001).

Alkaline phosphatase
Prothrombin
Platelets
Iron
Ferritin
Albumin

1
2.43 [0.79-7.42]
P = 0.12
1
4.01 [1.55-10.39]
P = 0.004
1.07 [0.97-1.18]
P = 0.19
1.00 [0.992-1.01]
P = 0.98
0.99 [0.98-0.999]
P = 0.04
1.00 [1.000-1.002]
P = 0.05

1
4.73 [1.43-15.66]
P = 0.01

1
7.42 [2.34-23.56]
P = 0.003
1.01 [1.001-1.012]
P = 0.02
0.002 [0.001-0.06]
P = 0.001
1.00 [0.99-1.01]
P = 0.93
1.03 [0.97-1.08]
P = 0.33
1.001 [1.000-1.002]
P = 0.06
0.90 [0.82-1.00]
P = 0.05

1
9.67 [2.19-42.63]
P = 0.004

1

Score test for the proportional odds assumption.

used for the assessment of liver fibrosis in ALD. We
suggest that a median of 1.63 m/s could be used as
an ARFI diagnostic threshold for diagnosing significant
liver fibrosis (F ≥ 2) with sensitivity and specificity
of respectively 82.4% and 83.3% (AUROC = 0.87).
Moreover, the threshold of 1.94 m/s provided a
diagnosis of cirrhosis with a sensitivity of 92.3% and
specificity of 81.6%.

DISCUSSION
This study demonstrates that ARFI imaging could be
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F=4

Table 4 Univariate and multivariate ordinal regression analyses

Table 2 Number of patients and mean values of acoustic
radiation force impulsepredicting for assessing liver stiffness
according to the different fibrosis stages
Number of
patients

F≥3

ARFI: Acoustic radiation force impulse; PPV: Positive predictive value;
NPV: Negative predictive value.

Kolmogorow Smirnow analysis was performed, followed by parametric
or non-parametric tests. Mean ± SD or median (25 th-75 th interquartile
ranges) was used respectively. AST: Aspartate transaminase; ALT: Alanine
transaminase; IU: International unit.

Fibrosis stage

F≥2
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A
2.5

Courbe ROC pour model
Area under the curve = 0.8725
1.00

0.75

1.5
Sensitivity

ARFI (m/s)

2.0

1.0
0.5

0.50

0.25

0.0
F0

F1

F2
Fibrosis

F3

F4
0.00
0.00

Figure 3 Relationship between acoustic radiation force impulse predicting
values and histological fibrosis stages. The relationship was significant
between the velocity of the sheer wave (median of 10 ARFI values) and the fibrosis
stage (assessed by the METAVIR score on biopsies) in all 82 patients (P < 0.0001).
The box represents the interquartile range, the horizontal line in the box indicates
the median value and the diamond indicates the mean value. The horizontal lines
above and below the box indicate the maximum and minimum values.

B

0.50
0.75
1-Specificity

1.00

Courbe ROC pour model
Area under the curve = 0.8602
1.00

0.75
Sensitivity

In alcoholic liver disease, the identification of
cirrhosis (F4) is important for optimal patient care.
The follow-up schedule includes endoscopy every
3-4 years, ultrasonography every 6 mo, hepatitis
vaccination and contraindication to certain drugs. The
identification of stage ≥ F2 is less important clinically
than in viral hepatitis but can lead to closer medical
surveillance of fibrosis with ARFI, and even serve as
an incentive for detoxification. For both stages, the
AUROC curve value was close to 1, indicating good
[11]
diagnostic accuracy .
To date, the predominant and most reliable noninvasive method for the diagnosis of liver fibrosis in
[12]
alcoholic liver disease is transient elastography (TE) .
Compared to TE, ARFI has several advantages. First,
B-mode evaluation of the liver (and other organs
such as the spleen) is possible with the same device
and can therefore be incorporated into routine
ultrasound protocols, thereby reducing costs. The use
of B-mode can also determine optimal ROI placement,
preserving structures such as lesions, large blood
vessels, biliary ducts or even heterogeneous areas.
Second and probably most importantly is the liver
stiffness measurement success rate of 100%, which
was reported both in the literature and in our study,
whereas in some studies TE has a success rate of
[13,14]
under 70%
. This is a major strength of the ARFI
method compared to TE. Third, ARFI imaging can be
[15]
performed in some cases where TE is not possible .
[16]
Bota et al demonstrated that the presence of ascites
did not influence the ARFI measurement reliability rate,
whereas TE cannot be performed in the case of ascites.
TE is unreliable for overweight and obese patients
whereas ARFI can be performed to a maximum depth
of 8 cm. Published data also suggest that ARFI may
[14,17,18]
not be influenced by steatosis grade, unlike TE
.
This is a clear advantage in our population, as steatosis
[19]
is often associated with ALD . ARFI is also a good
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Figure 4 Receiver operating characteristic curves of acoustic radiation
force impulse predicting liver fibrosis in patients with alcoholic liver
disease. A: ROC curve for F ≥ 2; B: ROC curve for F ≥ 3; C: ROC curve for F = 4.

alternative for patients with contraindications to biopsy
or TE. The ARFI measurement area size of 1 cm
(compared to 4 cm for TE) can easily be offset by the
possibility of several measurements in different parts
of the liver.
Recently, studies have also started to evaluate
[20-23]
ARFI on hepatitis B, hepatitis C and NASH
.
ARFI has good intra-operator and inter-operator
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ARFI
Median value
measurement

82
patients

-1
Median ≥ 1.94 m.s

-1

Median < 1.94 m.s

25 patients selected

5757patients
selected
patients selected

F4 = 12/25

F4F4==11/57
/ 57

γ-globulines
measurement

57
57
patients

100% of 13 F4
discriminated
γ-globulines ≥ 10 g/L

γ-globulines < 10 g/L

8 patients selected
selected
8 patients

patients selected
selected
4949patients

F4F4==11/8
/8

F4F4==00/49
/ 49

Figure 5 Decision tree for acoustic radiation force impulse predicting as a screening test for F = 4.
[24]

[27]

reproducibility, as described in the Bota et al
study,
with an intraclass correlation coefficient (ICC) of 0.90
and 0.81 for intra- and inter-operator reproducibility
respectively. The cut-off values reported in the lite
rature are different, however. In hepatitis B, hepatitis
C and NASH, cut-off values in m/s for F = 4 were
[18]
respectively 1.84 for Dong et al
1.55 for Sporea
[21]
[25]
et al
and 1.9 for Yoneda et al . These differences
suggest that ARFI values differ depending on the
disease, as shown in the meta-analysis by Nierhoff et
[23]
al . There is therefore a need to define cut-off values
for each diffuse liver disease. To our knowledge, there
[26]
is only one other study, by Zhang et al
evaluating
the performance of ARFI imaging for the assessment
of liver fibrosis in patients with ALD in comparison
to biopsy, with an AUROC value of 0.89 for F = 4.
However, the study populations are very different.
In their international multi-centre study, Sporea et
[21]
al
showed that the cut-off values predictive of
fibrosis stages differ between European and Asian
populations. This could explain why the cut-off values
are respectively 1.27 and 1.65 for F ≥ 2 and F = 4 in
the Chinese study by Zhang and 1.63 and 1.94 in our
study, using the same ultrasound device.
Our study showed good sensitivity and specificity,
as described previously. But the excellent negative
predictive value of ARFI (98.2% for F = 4) can open
the possibility of using ultrasound elastography as a
screening test rather than a diagnostic test. A decision
tree of clinical value is proposed in Figure 5. Other larger
studies are clearly needed to confirm these results.
Our study included patients undergoing alcoholic
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detoxification. Bardou-Jacquet et al
recently
suggested that the alcohol consumption greatly
influences TE and by extension liver stiffness, but
could be a useful tool in the follow-up of patient
as an indicator of alcohol consumption beyond the
sole fibrosis evaluation. Fibrosis evaluation made
on patients undergoing detoxification is the most
common clinical situation. So, ARFI values may also
be influenced by alcohol consumption and alcohol
cessation. This may explain some mismatches
between ARFI and biopsies.
In our study, ARFI was performed according to
guidelines. In certain debatable conditions, the neutral
condition was chosen. For example, according to the
literature and the device provider’s instructions, 10
measurements were taken and the median value
was calculated, as for TE, with the patient gently
holding their breath. Ten measurements were taken
for each patient in our study, and the median was
[28]
calculated for each one. Karlas et al
reported that
deep inhalation on measurements could increase
[29]
values by an average of 13%, while Horster et al
[8]
and Goertz et al reported no difference. In our study,
the patients were therefore asked to stop normal
breathing for a moment. As previous studies reported
that ARFI results could be influenced by food intake,
[30]
we decided to perform ARFI in a fasted state . An
[31]
interlobar difference was found in the literature .
Our measurements were therefore taken in the right
liver lobe in the intercostal space. This location was
chosen for several reasons. First, operator pressure
on the liver may produce false positives due to direct
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probe compression, which occurs when measurements
are taken in the left liver lobe. The measurements
were taken in the intercostal spaces so that the ribs
limit this compressive effect. Moreover, the operator
exerted minimal pressure. Heartbeat artefacts could
falsify the measurements when performed in the left
lobe. Second, the aim was to use the same location as
the biopsy. ARFI imaging was performed prior to liver
biopsy to prevent the interaction of artefacts (such as
from haematoma).
However, some findings are discordant with the
results of the biopsy, which is considered the gold
standard. One reason may be that ARFI produces mean
values for a large area in the right liver lobe whereas
liver biopsy involves taking a sample. The specimen
obtained represents only 1/50000 of the total liver
volume and it is well known that fibrosis has an uneven
[32]
distribution within the liver . In order to be comparable
and reliable, multiple biopsies from different locations in
the right liver lobe should be taken to gain an accurate
comparison with the ARFI values obtained in different
locations in the right liver lobe in the same intercostal
[33,34]
space
. This requirement is ethically disputable.
Another solution would be to compare ARFI values and
hepatic explant findings.
In the literature, many factors have been reported
to influence ARFI values, including sex, BMI, age,
ethnicity, fasted state, depth of ROI, inflammation
grade, obstructive cholestasis and certain other
biological markers (alanine transaminase, platelets,
prothrombin time, albumin, hyaluronic acid, cholesterol,
[18,21,28,30,35-41]
. In our study, in the multivariate
g-globulin)
analysis, statistically significant correlations were only
found for γ-globulin and age. This suggests that liver
stiffness and hence fibrosis stage should be interpreted
in view of the biological and clinical findings.
[42]
Millonig et al
suggested that liver stiffness is a
direct function of central venous pressure and Goertz
[8]
et al reported that heart dysfunction may impair
ARFI accuracy. None of the patients analysed in our
study had heart failure.
In the literature, the median of the values is re
ported as being more accurate than the mean, and is
used by convention. In our study we also calculated
the mean of the 10 values for each patient. The
correlation between the mean and median was almost
perfect with a correlation factor of 0.98. This suggests
that the mean of ten values could have been used
instead of the median on our cohort of patients. Larger
studies are needed to confirm this observation.
Another disputable point is the number of 10
values chosen for the median calculation. In many
articles, the recommended number is 10. However,
even if ARFI is a fast technique, obtaining ten values
takes time. Therefore, in our study we analysed
medians calculated from 2 to 9 values (the first values)
and compared them to the median of 10 values. It
would appear that a number of 6 values is sufficient
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to determine an accurate median with an excellent
correlation coefficient of 0.98.
In addition to the benefits of ARFI as a non-invasive
technique, our study has numerous strengths. This
was a prospective study of a homogeneous population
of alcoholic liver disease patients, with a delay no more
than 10 d between the procedures and the beginning
of alcohol withdrawal. The clinician, operator and
pathologist were blinded to the results. Fibrosis was
assessed by biopsy. The mean biopsy size was 30.7 ±
10.5 mm with the majority larger than 25 mm. Factors
reported to influence ARFI results in the literature were
taken into consideration and generally included in the
multivariate analysis. Guidelines on the ARFI technique
were summarised and applied to the measurements
for each patient. To our knowledge, only one other
study evaluating the performance of ARFI in predicting
liver fibrosis in ALD has been published, but concerned
a different ethnic population.
There were also limitations to our study. One is
sample size. Larger studies or meta-analyses are
needed to confirm the ARFI threshold in ALD. The
comparison with TE was not done and would also be
useful. The literature suggests that liver stiffness is
[43,44]
influenced by inflammation
. Inflammation was only
assessed and confirmed by transaminase levels in our
study and not by histology. Correlation with steatosis
grade was not assessed, but published data suggest
that moderate/severe steatosis is not a significant error
[14,18]
factor for ARFI elastography
.
ARFI is an accurate, non-invasive and easy method
for assessing liver fibrosis in patients with ALD. This
imaging technique can be easily incorporated into
routine patient care. Cut-off values are suggested
and require further confirmation in larger studies.
A comparison with TE and supersonic shear-wave
®
elastography (Aixplorer Supersonic ) would be
interesting for a complete live liver assessment.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of the Military
University Hospital, Prague.

AIM: To compare molecular profiles of proximal colon,
distal colon and rectum in large adenomas, early and
late carcinomas. To assess feasibility of testing directed
at molecular markers from this study in routine clinical
practice.

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.
Conflict-of-interest statement: All authors declare no conflict
of interest.

METHODS: A prospective 3-year study has resulted
in the acquisition of samples from 159 large adenomas
and 138 carcinomas along with associated clinical
parameters including localization, grade and histological
type for adenomas and localization and stage for
carcinomas. A complex molecular phenotyping has been
performed using multiplex ligation-dependent probe
amplification technique for the evaluation of CpG-island
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research and other non-commercial purposes.
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[6]

adenomas . The size of adenoma is considered a
fundamental risk factor and is directly associated with
histological characteristics such as the amount of villosity
and dysplasia. Aberrant activation of (proto)oncogenes
in key signaling pathways has long been a subject of
study in colorectal cancer research. Among others,
mutations in two major (proto)oncogenes, KRAS and
BRAF, are frequently found in both carcinomas as well
[7]
as in adenomas . In 1990, KRAS mutations were
contributed to the shorter overall survival of colorectal
[8]
cancer patients . The prognostic value was later
restricted only to specific KRAS mutation types (Exon
[9]
1, codon 12, but not codon 13 mutations) . Later
it was discovered that mutations in KRAS as well as
NRAS (both members of a common subgroup, RASfamily) are the major causes of therapy resistance
in colorectal tumors treated by monoclonal antiEGFR
[10,11]
inhibitors
. Accordingly, the current NCCA guidelines
include recommendations for predictive RAS-testing as
[12]
a standard of care for colorectal carcinomas .
Since 1990, three distinct molecular pathways
underlying the malignant transformation of advanced
adenomatous polyps into cancerous lesions have
[13]
been studied . The different pathways are based on
independent genomic events leading to the loss of key
cellular regulatory mechanisms causing proliferation,
invasion and metastasis. The resulting molecular
subtypes are denoted by either chromosomal ins
tability (CIN), microsatellite instability (MSI) or CpG[14,15]
island methylator phenotype (CIMP)
. The subtypes
are typically characterized by disruptions on the DNA
level including mutations and allelic losses of major
[16]
tumor suppressors in CIN , mutations of mismatch
[17]
DNA repair genes in MSI
(also referred to as the
replication of positive phenotype, RER+) and aberrant
methylation of promoter regions of tumor suppressors
[18]
in CIMP . Over the past decade, clinical associations
of these subtypes have been intensively studied. The
majority of colorectal carcinomas bear signs of the
CIN subtype, most notably somatic mutations of APC
and TP53 tumor suppressors and associated losses of
alleles at 5q and 17p chromosomal locations [observed
[19]
as a loss of heterozygosity (LOH)] . The CIN type
is closely following the fundamental genetic model
[20]
of colorectal tumorigenesis . While the individual
mutations and allelic losses of APC and TP53 tumor
[21]
suppressors bear no direct prognostic value , the “CIN
high” phenotype derived from a combination of several
markers (mutations and LOH) indicates poor survival
[22]
compared to the “CIN low” or MSI phenotypes .
The CIMP phenotype is on the molecular level
notably distinct from the CIN and may also be com
[23,24]
plemented by MSI
as a result of MLH1 promoter
[25]
methylation . There is sufficient evidence that
evaluation of CIMP together with BRAF mutation and
combined with a presence or absence of MSI gives
a strong indication of a patient’s survival prognosis.
Tumors bearing the CIMP+/BRAF+ phenotype exhibit

methylator phenotype (CIMP), PCR fragment analysis
for detection of microsatellite instability and denaturing
capillary electrophoresis for sensitive detection of
somatic mutations in KRAS , BRAF , TP53 and APC
genes.
RESULTS: Molecular types according to previously
introduced Jass classification have been evaluated for
large adenomas and early and late carcinomas. An
increase in CIMP+ type, eventually accompanied with
KRAS mutations, was notable between large adenomas
and early carcinomas. As expected, the longitudinal
observations revealed a correlation of the CIMP+/
BRAF + type with proximal location.
CONCLUSION: Prospective molecular classification
of tissue specimens is feasible in routine endoscopy
practice. Increased frequency of some molecular types
corresponds to the developmental stages of colorectal
tumors. As expected, a clear distinction is notable for
tumors located in proximal colon supposedly arising
from the serrated (methylation) pathway.
Key words: Colorectal cancer; CpG-island methylator
phenotype; DNA; microsatellite instability; BRAF
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The results indicate that molecular subtyping
from endoscopic biopsies is feasible in routine gas
troenterology practice to evaluate a patient’s prognosis.
Subtyping based on Jass classification can be used to
evaluate molecular mechanisms of adenoma-carcinoma
transition.
Minarikova P, Benesova L, Halkova T, Belsanova B, Suchanek S,
Cyrany J, Tuckova I, Bures J, Zavoral M, Minarik M. Longitudinal
molecular characterization of endoscopic specimens from
colorectal lesions. World J Gastroenterol 2016; 22(20): 4936-4945
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i20/4936.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i20.4936

INTRODUCTION
The variability in clinical manifestation of colorectal
cancer as well as considerable differences in outcome
between some colorectal cancer patients has prompted
wide-ranging research into the molecular basis of
[1]
the disease . The main effort has been directed at
mechanisms underlying initiation and progression
of colorectal neoplasia from normal colonic mucosa
as well as factors defining therapy response and the
[2-5]
overall patient’s survival .
There is historic evidence suggesting that more
than two-thirds of colorectal cancers begin as colorectal
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localization and the prevailing gender and age of the
[31-33]
patients. Based on the studies mentioned above
,
Type 1 is characterized by CIMP+, BRAF+, MSI,
proximal localization and good prognosis; Type 2 by
CIMP+, BRAF+, microsatellite stability (MSS) or MSILow (MSI-L), proximal localization and poor prognosis;
Type 3 by CIMP-, KRAS+, MSS or MSI-L, proximal
localization and poor prognosis; Type 4 by CIMP-,
KRAS- and BRAF-, MSS or MSI-L, distal localization
and median prognosis; Type 5 by CIMP-, KRAS- and
BRAF-, MSI, proximal localization and good prognosis.
While the original Jass characterization gave a
unique complex view on the alternative pathways of
molecular carcinogenesis, it has, most importantly,
now been verified to represent a viable tool in clinical
management of the disease. It is, therefore, eminent
to adapt appropriate procedures for methodology
as well as logistics of testing procedures in current
clinical practice. While most studies traditionally
rely on molecular testing directed at FFPE sections
from resected tissue, endoscopic biopsies as well as
endoscopically removed malignant polyps are also
[34]
more recently being routinely used .
Longitudinal clinicopathological heterogeneity
of colorectal cancer has been reported as early as
[35]
2002 . Biological diversity stemming from embryonic
origins may be responsible for different mechanisms
of tumorigenesis in proximal and distal colon and
rectum resulting in different manifestation, response
[36]
to therapy and the overall prognosis . In this
work, we present data from molecular phenotyping
and mutation analysis of tissue samples acquired
during colonoscopy. We present molecular profiling
of colorectal carcinomas as well as of their precursor
lesions, large adenomatous polyps. We evaluate
molecular profiles at proximal, distal and rectal tumor
localizations and assess overall feasibility and clinical
utility of such molecular classification in routine
endoscopy practice.

Table 1 Patient characteristics
Adenomas
Gender
Women
Aged
Men
Aged
Localization
Proximal colon
Distal colon
Rectum
Histology
Tubular
Tubulovilous
Vilous
Serrated
Dysplasia
Low-grade
High-grade
Carcinomas
Gender
Women
Aged
Men
Aged
Localization
Proximal colon
Distal colon
Rectum
Stage
Early (Ⅰ and Ⅱ)
Advanced (Ⅲ and Ⅳ)

94
39
34-98 (median 67.7)
55
40-89 (median 68.0)
37
42
15
47
39
4
4
78
16
127
44
34-98 (median 70.2)
83
42-90 (median 68.5)
50
38
39
66
61

[26]

shorter disease-free survival . Typically arising
from serrated lesions and more frequent in the
proximal colon (caecum and ascendens) they are the
result of a specific molecular process and exhibit a
[27]
distinct biological behavior . In turn, a concurrent
presence of MSI dramatically improves the prognosis
[28]
of patients with CIMP+/BRAF+ tumors
as the
MSI unstable tumors are less likely to spread to
[29]
lymph nodes and to develop distant metastases .
Aside from the prognostic importance, there is also
an ongoing discussion on the importance of CIMP/
MSI/BRAF phenotyping for prediction of response to
[30]
chemotherapy treatment .
In early 2015, two retrospective studies published
a relationship between specific molecular subtypes
and the survival of colorectal cancer patients on large
[31,32]
patient cohorts
. Utilizing the knowledge of the
above described molecular pathways, the specific
molecular types were evaluated based on MSI and
CIMP phenotyping in combination with the mutation
status of KRAS and BRAF, as previously suggested
[33]
by Jass . A significant difference in survival for
the different molecular types was indeed confirmed
by both studies aimed at patients in stages Ⅲ and
Ⅳ , respectively. The five molecular subtypes, now
universally referred to as Type Ⅰ -Ⅴ , and a group
consisting of the rest, marked as Others, were
also characterized by their most likely longitudinal
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MATERIALS AND METHODS
Study population

The prospective study design was reviewed and certified
by the Scientific and Ethics boards of the Military
University Hospital. All patients admitted into the study
have signed an informed consent. Patients were treated
at the endoscopy unit and consecutive samples were
collected during a 2-year prospective study. Tissue
samples were obtained either as endoscopic biopsies
or by endoscopic polypectomy (EPE) or endoscopic
mucosal resection (EMR). The inclusion criteria was
based solely on primary morphology evaluations by the
endoscopist. The large adenomas (AA) were assigned
[6]
as being any size greater than 1 cm . StageⅠ and Ⅱ
carcinomas were jointly assigned as early carcinomas
(EC) and Stage Ⅲ and Ⅳ were assigned as late
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CpG island methylator phenotype testing

Table 2 Overview of the molecular testing results n (%)
Marker
MSI

CIMP

BRAF

KRAS

APC

TP53

Localization

Advanced
1
adenoma

Early
2
carcinoma

Late
3
carcinoma

Proximal
Distal
Rectum
Proximal
Distal
Rectum
Proximal
Distal
Rectum
Proximal
Distal
Rectum
Proximal
Distal
Rectum
Proximal
Distal
Rectum

0 (0)
0 (0)
0 (0)
13 (30.95)
7 (16.28)
2 (13.33)
7 (10.94)
1 (1.49)
4 (17.39)
25 (35.71)
28 (43.08)
12 (50.00)
24 (35.82)
22 (34.38)
9 (37.50)
5 (7.46)
2 (3.13)
1 (4.17)

5 (20)
0 (0)
0 (0)
15 (65.22)
10 (45.45)
11 (50.22)
4 (17.39)
0 (0.00)
1 (4.20)
11 (44.00)
11 (44.00)
10 (41.67)
5 (20.83)
8 (34.78)
7 (29.17)
8 (33.33)
8 (34.78)
11 (45.83)

7 (24.14)
0 (0)
0 (0)
16 (59.25)
6 (35.29)
8 (47.06)
7 (24.14)
0 (0.00)
2 (11.11)
15 (51.72)
4 (23.53)
7 (38.88)
5 (17.24)
6 (37.5)
8 (44.44)
8 (27.59)
8 (50.00)
10 (55.55)

The CIMP phenotype evaluation was based on
multiplex ligation-dependent probe amplification
technique (MLPA) utilizing a non-bisulfite conversion
approach. A commercial MLPA kit was used (SALSA
MLPA ME042 CIMP, MRC Holland, NL) and the MLPA
data was evaluated by GeneMarker software using an
appropriate MLPA CIMP panel (available for download
from the Softgenetics website). The investigated
[38]
genes were as suggested by Ogino . A CIMP-high
phenotype was assigned to a sample showing any
of the MLPA probes methylated for at least 6 out of
8 evaluated genes (RUNX3, CACNA1G, IGF2, MLH1,
[39]
NEUROG1, CRABP1, SOCS1 and CDKN2A) .

KRAS, BRAF, APC and TP53 mutation testing

Somatic mutation testing in KRAS, BRAF, APC and
TP53 genes was performed by denaturing capillary
electrophoresis (DCE) using a previously described
[40-43]
protocol
. The technique is based on a principle of
differential denaturation of wildtype and mutant alleles,
[44]
similar to the high-resolution melting technique .
In brief, the target sequences harboring the mutation
sites were amplified using GC-clamping at one of the
primers and a fluorescence label at the other primer.
The PCR amplification program was concluded by a
heteroduplex formation step in which the product
mixture was heated for 8 min at 95 ℃, then kept at
65 ℃ for 30 min and finally cooled at 0.1 ℃/s down to
15 ℃. Each amplicon was then subjected to capillary
electrophoresis separation at optimized separating
temperature leading to the resolution of homo- and
hetero- duplex forms in case of a mutation presence.
In order to speed up the screening process, amplicons
with similar separating temperatures were analyzed
in different capillaries during the same run. The target
amplicons included exons 2, 3 and 4 of KRAS gene,
[41]
the V600E mutation (exon 15) of BRAF gene , codon
span 1250-1550 (mutation cluster region) of APC
[42,45]
[43]
gene
and exons 5 to 8 of TP53 gene . According
to the Catalog of somatic mutations in cancer (COSMIC)
this testing panel should detect more than 88% of
[46]
somatic mutations in the studied genes .

1

> 1 cm; 2Stage Ⅰ or Ⅱ; 3Stage Ⅲ or Ⅳ.

carcinomas (LC). The description of patients from this
study is listed in Table 1.

Tumor characteristics

In order to follow a prospective strategy of all eva
luations, we have decided to use adenomatous polyp
size beyond 10 mm as the only inclusion criteria that
allows immediate decision about molecular testing
during the endoscopy procedure. DNA from fresh
biopsies or FFPE sections was extracted following a
standard histopathology evaluation to ensure adequacy
(viability, quantity, tumor cell fraction) for the testing.
On FFPE sections, tumor-positive areas were clearly
marked by a pathologist prior to microdissection. DNA
was extracted from fresh and FFPE specimens using a
standard spin-column procedure using a commercial
kit (JETquick Tissue DNA spin, GENOMED G.m.b.H,
Loehne, DE).

Microsatellite instability testing

Microsatellite instability was evaluated using MSI
Analysis System, Version 1.2 (Promega corporation,
Madison, WI, United States). The multiplex PCR kit
produces fluorescently labelled amplicons of five nearly
monomorphic mononucleotide markers (BAT-25,
BAT-26, NR-21, NR-24 and MONO-27) and two
additional polymorphic markers (Penta C and Penta
[37]
D) for specimen identification . PCR amplicons were
resolved on a 16-capillary sequencer (ABI PRISM 3100,
Applied Biosystems, Foster City, CA, United States)
according to the manufacturers protocol. The data was
evaluated by GeneMarker software (Softgenetics, State
College, PA). Only samples exhibiting unstable alleles at
2 or more markers were assigned as MSI, otherwise the
assignment was MSI-L (1 marker instable) or MSS (no
unstable markers detected).
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RESULTS
Over the 2-year duration of the project, a total of 6080
colonoscopies were performed yielding 297 tissue
specimens. The set included 159 large AA, 74 EC
and 64 LC (see Methods for details of the AA/EC/LC
assignment).
The success rates for DNA extractions were 96.3%
(104/108) for fresh tissue and 93.7% (177/189) for
FFPE sections. The amounts of extracted DNA were
typically between 500-1000 µL volumes of 5-10 ng/
µL. A complete set of results consisting of MSI, CIMP,
BRAF, KRAS, APC and TP53 data was obtained for
246 out of 281 extracted DNA samples (87.6%). The
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Figure 1 Longitudinal frequency of CpG-island methylator phenotype phenotype in different tumor types. CIMP: CpG-island methylator phenotype.

incomplete molecular profiles were largely due to failed
CIMP examination in FFPE mainly as a results of low
amounts or low quality of DNA. Results for individual
markers obtained for each tumor subtype at proximal,
distal and rectal localizations are listed in Table 2.

Regardless of the tumor localization, TP53 mutation
rates showed a significant increase from large ade
nomas (5.1%; 8/155) to early and late carcinomas
(36.5%; 27/74 for early and 41.3%; 26/63 for late,
2
p < 0.001, χ = 49.928). Also in an agreement with
[48]
previous findings
TP53 mutations were detected
more frequently in the group of CIMP- carcinomas
compared to the CIMP+ carcinomas (39.6%; 38/96
vs 27.1%; 13/48), but the result was not statistically
significant.

CIMP, BRAF and MSI

The distribution of CIMP+ phenotypes for the three
evaluated tumor types along the proximal and distal
colon and rectum is shown in Figure 1. In all three
types the CIMP+ frequency in proximal colon is 15%
higher than in distal colon or rectum. In all three
sections there is a 2-3 fold jump in frequency between
large adenomas and early carcinomas while only a
relatively small change (< 10%) between early and
late carcinomas.
The BRAF mutations were found in 12 of 154 large
adenomas (7.8%), 5 of 74 (6.8%) early carcinomas
and in 9 of 64 (14.1%) advanced carcinomas. A
CIMP+/BRAF+ combination was mostly found in
proximal colon with frequency gradually increasing
with the tumor progression from 5.3% (2/38) in large
adenomas to 13% (3/23) and 26% (7/27) in early and
late carcinomas, respectively.
In agreement with previous reports MSI has
only been found in early and late cancers, but not
[47]
in adenomatous tissue . In carcinomas, MSI was
detected only in the proximal localization at 16.0% in
early cancers (4/25) and 24.1% in late cancers (7/29).
MSI was accompanied by CIMP+ phenotype in 81.2%
(9/11) and 88.9% (8/9) of CIMP+ carcinoma had
MLH1 promoter methylation.

DISCUSSION
Principal contributions of various pre-analytical factors
to the success of molecular genetic testing from FFPE
[49]
sections have long been studied . Among others,
the principal importance of the quality of the formalin
solution (buffered to neutral pH) and the duration of
[50]
fixation has been recognized . The negative effects
of fixation are intensified for small volume samples,
typically acquired by endoscopic biopsies. At the same
time, upon extraction, the small biopsy specimens
often yield low amounts of DNA limiting the extent
of the molecular testing. For complex molecular
profiling, such as the subtyping performed in this
study, a prioritization of the individual tests, as already
[51]
practiced in molecular testing of other cancer types ,
is clearly a necessity for future routine use.
Most cases of inconclusive results in this study
were, indeed, due to the low DNA quality or amount.
A dedicated mutation technology typically based on
single-plex PCR usually requires only minute amounts
of DNA. The MSI detection approach utilizing a
multiplex PCR followed by capillary electrophoresis is
also low to medium in the demand of DNA. On the
other hand, CIMP evaluation by MLPA requires by far
the highest amounts of input DNA. With a very limited
availability of other reliable CIMP-detection techniques,
this is clearly the limiting factor.

APC, KRAS and TP53

Mutations in APC, KRAS and TP53 were observed in
all tumor groups across proximal and distal colon as
well as in the rectum. Similarly to a recently published
[25]
study , we have found a higher frequency of APC
and KRAS mutations in CIMP+ carcinomas with a
presence of MLH1 methylation when compared to
CIMP+ without MLH1 methylation. The difference was
20%; 2/10 vs 33.3%; 9/27 for APC (p = 0.74) and
21.4%; 3/14 vs 59.3%; 16/27 for KRAS (p = 0.031).
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Assignment of Jass molecular subtypes

[33]

According to the original work of Jass
and the
[32]
recent publications by Phipps et al
and Sinicrope
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KRAS
CIMP

Type 3:
Traditional CIN with KRAS
- proximal location

15 Other

56

64
Type 4:
Traditional CIN without KRAS
- distal location

3

9

Type 2:
Serrated CIMP+BRAF +
- proximal location

MSI
1

Type 5:
Familial MSI
- proximal location

BRAF
Type 1:
Serrated CIMP+BRAF +MSI
- proximal location

Figure 2 Molecular classification of colorectal carcinomas (all stages) using classification according to Jass and others[30-32]. MSI: Microsatellite instability;
CIN: Chromosomal instability; CIMP: CpG-island methylator phenotype.
[31]

et al , we have applied their principles to our data
to assign the molecular subtypes. The classification is
based on a combined evaluation of CIMP/MSI/BRAF/
KRAS testing. The resulting spectrum of molecular
subtypes for carcinomas in our study is presented in
Figure 2. Even with the smaller size of our prospective
group, the relative distribution among the 6 different
groups (Types 1-5 and Others) corresponds to the
data presented in those large retrospective cohorts.
The Type 4 and Type 3, both characteristic of the
CIN pathway, were the most frequent at 43.2% and
37.8%, respectively, followed by Types 1 and 2,
resulting from the CIMP-serrated pathway, at 6.0%
and 2.0%, respectively.
The probability of developing future advanced
adenomas or cancers increases with the size of
adenoma and can range from 1.5% to 7.7% for sizes
below 5 mm, 3% to 15.9% for sizes between 5 and 20
mm and 7% to 19.3% for adenomas over 20 mm in
[6]
size . We have evaluated the Jass-types separately for
the groups of large adenomas, early carcinomas and
late carcinomas to visualize the degree of molecular
irregularities along the tumor progression route. The
evaluation workflows for all groups are shown in Figure 3.
A notable change in the distribution patterns of
the molecular types can be observed between large
adenomas and early carcinomas. The main difference
appears to be a result of an increase in CIMP+/
BRAF- phenotypes from large adenomas (13.8%,
13/94) to early carcinomas (50.0%, 31/62). When
explored further, an additional increase in a KRAS
positive subgroup can be noticed. Accordingly, the
rate of CIMP+/BRAF-/KRAS+ increases from 10.6%
(10/94) in large adenomas to 30.6% (19/62) in
early carcinomas. At the same time, this increase
is complemented by the decrease of CIMP-/BRAF-/
KRAS+ from 49.0% (38/94) in large adenomas to
16.1% (10/62) in early carcinomas, but also partially
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by the decrease in CIMP-/BRAF-/KRAS- from 39.3%
(37/94) in large adenomas to 30.6% (19/66) in early
carcinomas. In other words, methylation, partially
accompanied by KRAS mutation, takes place during
malignant transformation of at least some colorectal
tumors during the transition from large adenomas to
early carcinomas.
In addition to the Jass types an interesting molecular
subgroup has recently been identified including
carcinomas with CIMP+ phenotype with unmethylated
[25]
MLH1 harboring KRAS mutations . We have identified
high frequency of KRAS mutations in the CIMP+/
unmethylated MLH1- group within early carcinomas
(10/17; 58.8%) as well as late carcinomas (6/10;
60%). According to the previous reports such cancers
arise mainly from KRAS-mutated traditional serrated
adenomas and exhibit poor prognosis. This is in contrast
to the CIMP- carcinomas.

Characterization of molecular types according to
location

Combined with the information on mutator pathways
a full longitudinal image of the colorectal cancer
[52]
landscape can be elucidated . Data from our study
have confirmed the predominant manifestation of the
CIMP-associated Type 1 and Type 3 in the proximal
colon. At the same time, tumors bearing the CIN
characteristics are evenly distributed throughout the
colon and rectum. It is clear that further research will
lead to more molecular tests to be performed routinely
in the diagnosis and therapy of colorectal neoplasia.
The molecular subtyping of adenomas and carcinomas
using the Jass classification may lead to the discovery
of molecular markers specific for the malignant
conversion of colonic tissue from precursor lesions to
malignant tumors. Such markers would be viable tools
to complement endoscopic screening and the diagnosis
of colorectal cancer patients.
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Figure 3 Evaluation workflows for assignment of Jass types in large adenomas (A), early carcinomas (B) and late carcinomas (C).
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COMMENTS
COMMENTS
Background

6

Recent advances in molecular profiling have resulted in definition of molecular
types of colorectal cancer based on genetic and epigenetic aberrations.
Resulting from separate developmental pathways the different types are
associated with distinct prognostic features, which can be utilized in clinical
practice.

Research frontiers

7

In a prospective study, endoscopic specimens from colorectal carcinomas as
well as pre-malignant lesions were subjected to molecular profiling directed
at evaluation of microsatellite instability (MSI) and CpG-island methylator
phenotype (CIMP) status in combination with somatic mutations of KRAS,
BRAF, TP53 and APC genes.

8

Innovations and breakthroughs

9

The distribution of molecular types was evaluated for precursor lesions (large
adenomas) and for early and late carcinomas with respect to their localization
in proximal colon, distal colon and rectum.

Applications

The study demonstrates feasibility of molecular profiling in routine
gastroenterology practice. The study results further suggest distinct molecular
changes occurring during the malignant transition from large adenoma to early
carcinoma, in particular DNA methylation affecting KRAS-mutated tumors.

10
11

Terminology

Somatic aberrations: Changes in DNA composition (base sequence or
methylation) occurring within cells as a result of external factors and not the
inheritance. CIMP: A molecular subtype characterized by methylation at certain
positions within the DNA sequence. MSI: A molecular subtype characterized by
unequal numbers of repetitions of short DNA sequences obtained for different
cells within a tissue. The MSI occurs due to somatic aberrations in genes
securing a proper function of the DNA repair system. Promoter methylation of
MLH1 gene is a frequent cause of MSI.

12

13

Peer-review

The authors studied molecular profiles of proximal and distal colon and
rectum in colorectal adenomas and carcinomas that were obtained by routine
endoscopic biopsy. They analyzed CIMP, MSI and mutations of KRAS and
BRAF, and then classified into molecular subtypes in colorectal tumors.
Most importantly, longitudinal molecular characterization was clearly shown
in colorectal tumors based on CIMP/MSI/BRAF/KRAS classification. This
approach to the molecular classification of colorectal cancer should accelerate
understanding of causation, have an impact on clinical management, and
facilitate the development of new ways to prevent and treat colorectal cancer.
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SYSTEMATIC REVIEWS

Colorectal cancer screening in countries of European
Council outside of the EU-28
Emma Altobelli, Francesco D’Aloisio, Paolo Matteo Angeletti

Abstract

Emma Altobelli, Francesco D’Aloisio, Paolo Matteo Angeletti,
Department of Life, Health and Environmental Sciences,
University of L’Aquila, 67100 L’Aquila, Italy

AIM: To provide an update on colorectal cancer (CRC)
screening programmes in non-European Union (EU)-28
Council of Europe member states as of December 2015.

Emma Altobelli, Epidemiology and Biostatistics Unit, AUSL
Teramo, University of L’Aquila, 67100 L’Aquila, Italy

METHODS: The mission of the Council of Europe is
to protect and promote human rights in its 47 member
countries. Its 19 non-EU member states are Albania,
Andorra, Armenia, Azerbaijan, Bosnia and Herzegovina,
Republika Srpska, Georgia, Iceland, Liechtenstein,
Republic of Moldova, Monaco, Montenegro, Norway,
Russian Federation, San Marino, Serbia, Switzerland,
FYR of Macedonia, Turkey, and Ukraine (EU-19).
The main data source were GLOBOCAN, IARC, WHO,
EUCAN, NORDCAN, ENCR, volume X of the CI5, the
ministerial and Public Health Agency websites of the
individual countries, PubMed, EMBASE, registries of
some websites and the www.cochranelibrary.com,
Scopus, www.clinicaltrials.gov, www.clinicaltrialsregister.
eu, Research gate, Google and data extracted from
screening programme results.
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RESULTS: Our results show that epidemiological
data quality varies broadly between EU-28 and EU-19
countries. In terms of incidence, only 30% of EU-19
countries rank high in data quality as opposed to 86%
of EU-28 states. The same applies to mortality data,
since 52% of EU-19 countries as against all EU-28
countries are found in the high ranks. Assessment of
the method of collection of incidence data showed
that only 32% of EU-19 countries are found in the
top three quality classes as against 89% of EU-28
countries. For the mortality data, 63% of EU-19
countries are found in the highest ranks as opposed
to all EU-28 member states. Interestingly, comparison
of neighbouring countries offering regional screening
shows, for instance, that incidence and mortality rates
are respectively 38.9 and 13.0 in Norway and 29.2 and
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100000 population of 39.5 for men 39.5 and 24.4 for
women. The mean CRC incidence rates for men and
women in the WHO Europe Region are 35.6 and 22.6
per 100000 population, respectively. In addition, with
228000 deaths per year and a mortality rate of 12.3
per 100000 population, CRC is the second cause of
cancer death after lung cancer for men and women
[4]
in the region . The mean mortality rates per 100000
population in EU-28 countries and the WHO Europe
Region are respectively 15.2 and 15.7 for men and 9.0
[4]
and 9.7 for women .
CRC incidence is quite variable in EU-28 countries,
and is higher in central and northern member states
than in eastern ones. However, the lower rates found in
[3]
eastern Europe are higher than the world mean . This
has prompted the Council of Europe to recommend
[5]
the priority activation of CRC screening programmes .
According to a 2008 European Commission report on
the diffusion of CRC screening programmes in the EU,
only 12 of the then 22 member states had populationbased screening programmes; the others were
recommended to provide to their citizens equal access
[6]
to cancer prevention .
Crucially, more than 95% of CRC cases could
[7]
benefit from surgical treatment if diagnosed early .
Several large-scale studies have found a conside
rable reduction in mortality due to the adoption of
[8,9]
population-based screening programmes .
The first European guidelines on CRC screening
and the quality of CRC diagnosis were issued in
[10]
2010 . A European Parliament resolution of 6 May
2010 asked the Commission to promote the adoption
of prevention programmes by any means and to
encourage member states to allocate further resources
to primary prevention and early diagnosis through
[11]
screening . As a result, some member states have
begun enacting programmes, others are organising
[3]
strategies for CRC screening implementation , and
others still are moving from pilot projects to national[12-16]
scale programmes
.
The aim of the present systematic review is to
provide an update on CRC screening programmes in
non EU-28 European Council member states as of
December 2015.

10.9 in Sweden, whereas in Finland, where a national
organised programme is available, they are respectively
23.5 and 9.3.
CONCLUSION: Cancer screening should be viewed
as a key health care tool, also because investing in
screening protects the weakest in the population,
decreases the social burden of cancer, and reduces all
types of health care costs, including those for radical
surgery, long-term hospitalisation, and chemotherapy.
Key words: Colorectal cancer; Screening; EU-28; EU-19;
European Union; Early detection; European Council
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the WHO Europe Region, colorectal cancer
(CRC) is the first tumour with 471000 new cases
per year and a mortality rate of 28.2 per 100000
population. Large-scale studies have found a reduction
in mortality due to the adoption of population-based
screening programmes. A 2010 European Parliament
resolution called for the adoption of prevention
programmes. As a result, some member states have
begun enacting programmes, others are organising
strategies for CRC screening implementation, and
others still are moving from pilot projects to nationalscale programmes. The present systematic review
provides an update on CRC screening programmes in
non EU-28 European Council States.
Altobelli E, D’Aloisio F, Angeletti PM. Colorectal cancer
screening in countries of European Council outside of the EU-28.
World J Gastroenterol 2016; 22(20): 4946-4957 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i20/4946.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i20.4946

INTRODUCTION
Although cervical, breast and colorectal cancer are the
only tumours for which screening has proven efficacy
and cost-effectiveness, in several European countries
screening implementation is fraught with difficulties.
This is especially true of programmes regarding
[1-3]
colorectal cancer (CRC) , a highly common malig
[3]
nancy. According to GLOBOCAN data , 1.36 million
new cases affecting 17.2 per 100000 population
(746000 men and 614000 women) are diagnosed
in the world each year, and 693000 people (373000
men and 320000 women) die from CRC, accounting
for a yearly mortality rate of 8.4 per 100000.In the
World Health Organisation (WHO) Europe Region, CRC
is the first tumour by incidence, with 471000 new
cases each year and a mean mortality rate of 28.2 per
[4]
100000 population . In the European Union (EU-28),
its mean incidence rate is 31.3 per 100000 population,
with 345000 new cases per year and an incidence per

WJG|www.wjgnet.com

MATERIALS AND METHODS
Council of Europe member countries

The Council of Europe is a supranational institution
founded in 1949 by the Treaty of London. Its mission
is to protect and promote human rights in member
countries. There are 47 member countries and a
number of states with observer status. All EU-28
States are members (Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Malta, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden,
the Netherlands, and the United Kingdom). The other
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Table 1 Number of cases and standardized colorectal cancer burden in women and men in EU-19, 2012 (Adapted from Ferlay

et al [4])

Country

WOMAN
Incidence

Albania
Andorra
Armenia
Azerbaijan
Bosnia and Herzegovina
Georgia
Iceland
Liechtenstein
Republic of Moldova
Monaco
Montenegro
Norway
Russian Fed
San Marino
Serbia
Switzerland
FYR Macedonia'
Turkey
Ukraine
EU-28

MAN

5-yr prevalence
Cases

Mortality

%

Cases

ASR (W)

Incidence
Cases

5-yr prevalence

ASR (W)

Cases

%

Mortality

Cases

ASR (W)

Cases

ASR (W)

167
NR
4.4
346
489
300
79
NR
716
NR
107
1947
33183
NR
2143
2167
366
5041
9780
151920

7.9

501

39.9

90

4.0

175

9.0

526

42.0

97

4.8

17.0
6.4
13.3
7.5
28.3

939
209
1427
608
238

68.6
4.0
84.8
31.3
183.6

281
755
327
173
21

9.7
19.8
7.7
4.0
5.8

426
313
620
305
78

22.8
7.1
20.7
9.9
28.9

855
661
1811
631
232

77.1
18.5
119.1
38.3
177.5

261
187
422
177
27

13.4
4.3
12.7
5.5
9.3

23.0

1736

111.0

409

12.6

799

36.0

1963

143.2

491

22.0

21.1
35.8
21.8

314
5665
78454

118.7
279.6
119.1

67
779
21791

12.0
12.1
12.7

157
1966
26745

36.2
42.6
30.0

465
5839
63572

187.3
289.8
116.4

95
727
18116

20.7
14.3
19.9

23.3
23.6
20.5
13.1
19.9
24.4

6281
6522
1070
10690
23110
417252

151.4
193.8
124.0
38.2
109.6
189.0

1213
718
213
3030
5704
69087

11.5
6.4
10.8
7.8
10.8
9.0

3370
2707
421
6889
6269
193426

43.4
36.3
28.4
20.6
29.9
39.5

9919
8340
1256
14982
22120
535845

248.8
259.9
147.3
54.7
127.8
257.8

1922
1668
239
4128
5929
82959

22.8
12.8
15.5
12.6
18.8
15.2

EU-28: Countries members of European Union; NR: Not Reported; ASR (W): Per 100000.

19 countries (hereafter EU-19) are in the European
area: Albania, Andorra, Armenia, Azerbaijan, Bosnia
and Herzegovina, Republika Srpska, Georgia,
Iceland, Liechtenstein, Republic of Moldova, Monaco,
Montenegro, Norway, Russian Federation, San Marino,
Serbia, Switzerland, FYR of Macedonia, Turkey, and
Ukraine.

prevalence estimates for 2012 are reported by gender
in Table 1. The quality of incidence and mortality
data of EU-19 and EU-28 based on Data Sources and
[17]
Methods
is compared in Table 2. The information
regarding screening programmes in EU-19 is shown
in Table 3. Finally mean income, total population, the
existence of any registries, the availability of early
detection tests at the public primary health care level,
and the ranking of CRC incidence and mortality in
EU-19 countries are reported in Table 4. The distribution
of screening programmes (organised, spontaneous,
unknown) in EU-28 and EU-19 countries is shown in
Figure 1.

Sources of EU-19 epidemiological data: Search strategy

The main data source was the GLOBOCAN 2012
website of the International Agency for Research
on Cancer (IARC), which provides access to several
databases that enable assessing the impact of CRC in
[4]
184 countries or territories in the world .
Additional sources were the WHO, EUCAN and
NORDCAN, the European Network of Cancer Registries
(ENCR), volume X of the CI5, and the ministerial
and Public Health Agency websites of the individual
countries. The PubMed search used “Early Detection of
Cancer” or “Colorectal Cancer screening” AND “state
name” for each of the 19 countries. A MeSH search was
conducted using the same criteria. The EMBASE did not
provide further relevant results. The registries of some
websites and the www.cochranelibrary.com, Scopus,
www.clinicaltrials.gov, www.clinicaltrialsregister.
eu, Research gate, and Google databases were also
consulted. Other data were extracted from screening
programme results.

RESULTS
The results of the present systematic review are listed
by physical geographical area as well as disaggregated
by state. The incidence and mortality data are reported
as ASR-W per 100000 population.

Northern Europe

The only North European countries that are not also
EU-28 members are Iceland and Norway. The United
Kingdom and Northern Ireland, Ireland, Finland,
Denmark, Estonia, and Latvia offer organised national
screening programmes and Sweden an organised
regional programme; only Lithuania adopts spontaneous
screening (Figure 1).

Statistical analysis

Iceland: The incidence rate of CRC in Iceland is
28.9 and 28.3 in men and women, respectively, with

Incidence and mortality data, their age-standardised
rates per 100000 population (ASR-W), and 5-year

WJG|www.wjgnet.com

4948

May 28, 2016|Volume 22|Issue 20|

Altobelli E et al . CRC screening in 19 countries of European Council
Table 2 Quality assessment of Epidemiological data source and methods according to Mathers et al
Data source
EU-19
Incidence
A: Iceland Norway,
Ukraine
B: Serbia, Switzerland
C: Turkey
D: Bosnia Herzegovina,
Russian Federation
E: F: G: Albania, Armenia,
Azerbaijan, FYR
Macedonia, Georgia,
Montenegro, Republic of
Moldova
Methods
EU-19
Incidence
1: Iceland, Norway
2: Bosnia Herzegovina,
Ukraine
3: Turkey, Switzerland
4: Albania, FYR Macedonia,
Republic of Moldova,
Serbia
5: Armenia, Azerbaijan,
Georgia
6: Turkey
7: - 8: 9: Montenegro

EU-19
Mortality
1: Iceland, Republic of
Moldova
2: Azerbaijan, Norway,
Russian Federation, Serbia,
Switzerland
3: Albania, Armenia, FYR
Macedonia
4: 5: Bosnia Herzegovina
6: Georgia, Montenegro,
Turkey

EU-28
Incidence
A: Austria, Belgium, Bulgaria, Croatia, Czech Republic,
Denmark, Estonia, Ireland, Latvia, Lithuania, Malta,
Sweden, Slovenia,Slovakia, The Netherlands, United
Kingdom, Finland, France (Martinique)
B: France, Germany, Italy, Spain
C: Portugal, Poland
D: Luxembourg, France (La Reunion)
E: Romania
F: G: Greece, Hungary, France (Guadalupe), France
(Guiana)

[17]

EU-28
Mortality
1: Estonia, Hungary, Ireland, Latvia,
Lithuania, Malta, Slovenia, Slovakia,
Romania, United Kingdom, Finland
2: Austria, Belgium, Bulgaria, Croatia,
Czech Republic, Denmark, France,
Germany, Italy, Luxembourg, Spain,
Sweden, The Netherlands, France
(Guadalupe), (La Reunion), France
(Martinique), France (Guiana)
3: Greece, Portugal, Poland
4: - 5: - 6: -

EU-28
EU-19
EU-28
Mortality
Incidence
Mortality
1: Albania, FYR Macedonia,
1: Austria, Bulgaria, Croatia, Czech Republic,
1: Austria. Bulgaria, Croatia, Czech
Iceland, Norway, Republic of Denmark, Estonia, Finland, Germany, Ireland, Latvia, Republic, Denmark, Estonia, Finland,
Moldova, Serbia, Switzerland
Lithuania, Malta, Slovakia, Slovenia, Sweden The
France (metropolitan) Germany,
2: Armenia, Azerbaijan,
Netherlands, United Kingdom, France (La Reunion),
Greece, Hungary, Ireland, Italy,
Bosnia Herzegovina, Georgia,
France (Martinique)
Latvia, Lithuania, Luxembourg,
Ukraine
2: Belgium, Cyprus
Malta, Poland, Portugal, Slovakia,
3: - 4: 3: France (metropolitan) , Germany, Italy, Poland,
Slovenia, Spain, Sweden, The
5: Turkey
Spain
Netherlands, United Kingdom, France
6: Montenegro
4: Greece, Hungary, Luxembourg, Portugal
(Martinique)
5: Romania, France (Guadalupe),
2: Belgium, Cyprus, France
6: - 7: - 8: - 9: (Guadalupe)
3: Greece, Portugal, Poland
4: 5: France (La Reunion)
6: -

Comparison between EU-19 and EU-28 countries, as defined in the main text. -: No country classified in that category.

a mortality rate of 9.3 for men and 5.8 for women
(Table 1).The national cancer registry, linked to the
NORDCAN project, covers the whole population and
provides high-quality data (Table 2). Iceland has no
active organised CRC screening programme (Table
[18]
3). The decision to adopt one, made in 2008 , was
postponed due to the economic crisis. According to
[19]
a recent congress communication , a programme
offering screening with the iFOBT at 2-year intervals to
55 to 75 year olds is due to start soon (Table 3). Until
then, only spontaneous screening with the iFOBT will
be available at the level of public primary health care
(Table 4). CRC is the third most common tumour in
both genders in the country and the fourth and second
cause of cancer death in Iceland (Table 4).

in 1999-2001 the population was assigned to three
groups that were tested with the iFOBT, received the
iFOBT + sigmoidoscopy, or were just asked to report
if they had had a diagnosis of CRC in the course of the
[21]
study
(Table 3). CRC is the second most common
tumour in both sexes and the second cause of cancer
death for both sexes in Norway (Table 4).

Balkan countries

Several of these countries are EU-19 States: Al
bania, Republika Srpska, Bosnia and Herzegovina,
Montenegro, and Serbia. Slovenia and Croatia are
EU-28 Member states offering organised screening
programmes (Figure 1).
Albania: Albania has a low CRC incidence rate, 9.0
among men and 7.9 among women, and an equally
low mortality rate, respectively 4.8 and 4.0 (Table
1). Hospital-based disease registries provide nonexcellent data quality (Table 2). Neither spontaneous
[22]
nor organised screening is available . The most
[23]
recent data are for 2011. A 2015 paper
that first
measured the frequency of gastrointestinal polypoid
lesions in the Albanian population stressed the
absence of a screening programme. According to the

Norway: In this country the incidence of CRC is
42.6 among men and 35.8 among women, with
a mortality rate - 12.1 in men and 14.3 in women
(Table 1). High data quality is ensured by a national
cancer registry linked to the NORDCAN that covers the
whole population (Table 2). A pilot study offering the
iFOBT at 2-year intervals was activated in 2012 in the
[20]
Ostfold region . In a randomised controlled study
(NORCCAPP) conduced in the Oslo and Telemark areas
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Table 3 Distribution of colorectal cancer screening programmes in EU-19 as of December 2015
Country

Program
Type

Test

Screening
interval
(yr)

Age (yr)

Program
start

Pop target

Level of
participation
(%)

-

-

Status

Region

Federation of Bosnia Spontaneous
Organised
and Heregovina[22]
Republika Srpska[22] Spontaneous
Georgia[51]
Organised

NatW

All country

FOBT

-

> 50

-

NatW
NatW

Iceland[18]

Programmed
as organised
Spontaneous
PB

NatW

All country
Tblisi
OutsideTblisi
All country

FOBT
gFOBT
gFOBT
FOBT

2
2
2

> 50
50-69
50-69
55-75[19]

-

25388
71364
86000[19]

NatW
Natw

All country
All country

2

50-59
50-80

2006

16000[35]

None
Not PB

PilotStudy

Colonoscopy
iFOBT
(from 2015)
gFOBT
iFOBT

-

50-74

2010-2011

4500

33.3

Norway[20]

PB

Pilot Study

Norway[21]

PB

Pilot Study
RCT

64.8

Russian Fed[42]

PB

Pilot Study

Russian Fed[43]

NPB

Pilot Study

San Marino[36,37]
Serbia[31]
Switzerland[32]

PB
PB
Spontaneous

Natw
Natw
NatW

Switzerland[33]

PB

Switzerland[34]

PB

Pilot Study
RCT
Pilot Study,
NRCT
NatW

Iceland[19]
Monaco[35]

Montenegro[22,28]
Montenegro[28]

Turkey[44]

Organised
Spontaneous
PB

Ukraine[46,54]

Danilograv,
municipality of
Podgorica
Østfold, Akershus
iFOBT
and Buskerud
Oslo and Telemark
FOBT and
in 1999-2001
FOBT +
NORCAPP
Sigmoidoscopy
Sant Petersburb,
iFOBT
all 18 town district
Kazan, Tatarstan
FOBT, DRE,
Republic
questionnaire
All country
iFOBT
All country
iFOBT
All country
FOBT or
Colonoscopy
Glarus, Vallée du FOBT and or
Joux Uri
Colonoscopy
Vaud
iFOBT or
Colonoscopy
FOBT

NatW

Not available

2
-

30
60

2012
55-64

1999-2000

13823

48-75

November
15
2010

20000

-

1071

2
2
2, 10

50-79
50-74
50-80

2009
2013

789330
13170

-

50-80

2001

20000

50-69

2015

50-69

2009

Not
available

2002-2006

Not
available

53
84

11681513

65[37]
58.38
22

30[44]
Not
available

gFOBT: Guaiac test; iFOBT: Immunological test; FOBT: Not specified if gFOBT or iFOBT; DRE: Digital rectal exam; NPB: Not population-based.

[24]

WHO report , neither the FOBT nor colonoscopy are
available at the level of public primary health care (Table
4).

there is no clear information on screening programmes.
FYR Macedonia: In this country CRC incidence is
moderately high in men (28.4) as well as women
(20.5) (Table 1) and mortality rates of 15.5 and 10.8,
respectively. Data quality is mediocre (Table 2). There
seem to be no organised screening programmes, even
though the iFOBT is available at the public primary
[27]
health care level
(Table 4). CRC is the third most
common tumour in the country for both sexes and the
second cause of cancer death (Table 4).

Bosnia and Herzegovina, Republika Srpska: In
the Federation of Bosnia and Herzegovina the incidence
of CRC is 20.7 among men and 13.3 among women,
with a mortality rate of 12.7 in men and 7.7 in women.
Data quality is not excellent (Table 2). According
[22]
to Giordano et al , spontaneous and organised
screening based on the FOBT is available for those
aged more than 50 years. However, Buturovic reports
[25]
that in the Konjic area colonoscopy is not available .
As shown in Table 4, the WHO has no data on the
availability of screening tests (FOBT, colonoscopy) at
[26]
the level of public primary health care . The tumour
represents the third and second most common cancer
and the second and third cause of death in the country
(Table 4).
In the Republika Srpska only spontaneous screening
[22]
is available to subjects older than 50 years . Again,

WJG|www.wjgnet.com

Montenegro: The incidence of CRC in Montenegro
is 36.2 among men and 21.1 among women, with a
mortality rate of 20.7 in men and 12.0 in women. Data
quality is poor (Table 2). A population-based screening
programme using the iFOBT and involving subjects
aged 50 to 74 years was conducted from February
2010 to March 2011 in Danilograv municipality
[28]
(Podgorica) , while neither organised nor opportunistic
[22]
screening is available in the other areas . According
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Table 4 National cancer profiles
1

Country

Income

Total
population

Cancer registry

Availability at public primary health
care levels of early detection tests
Faecal occult
Bowel cancer
blood test screening by exam or
colonoscopy

North Europe
Iceland2

High

326000

High

4994000

Central Europe
Liechtenstein3
Monaco
Switzerland3

High non OECD
High non OECD
High

36925
38000
7997000

South Europe
Andorra
San Marino

High non OECD
High non OECD

78000
31000

Norway2

Balcanian countries
Albania3
Upper middle
Bosnia and
Herzegovina3
Montenegro3
Serbia3
FYR of
Macedonia3
Eastern Europe
Republic of
Moldova3
Russian Fed3

3162000

Ranking CRC
2
mortality

Man

Woman

Man

Woman

-

-

3rd

3rd

2nd

4th

Yes

-

2nd

2nd

3rd

2nd

NA
Hospital-based
Sub-national
population-baseda

Yes
Yes

Yes
Yes

2nd
NR
2nd

3rd
NR
2nd

NR
NR
3rd

NR
NR
3rd

Hospital-based
National
population-based

Yes
Yes

Yes
Yes

NR
NR

NR
NR

NR
NR

NR
NR

-

-

> 5th

5th

> 5th

5th

-

-

3rd

2nd

2nd

3rd

National,
population-based
National,
population-based

Upper middle

3834000

Sub-national,
hospital-based
NA

Upper middle
Upper middle
Upper middle

621000
9553000
2106000

NA
Sub-national
National

Yes
Yes

Yes
-

2nd
2nd
3rd

2nd
2nd
3rd

2nd
2nd
2nd

3rd
3rd
2nd

Lower middle

3514000

National, hospitalbased
Sub-national,
population-basedb
Sub-national
population-basedc
National,
population-based

Yes

Yes

2nd

2nd

2nd

2nd

Yes

Yes

3rd

2nd

3rd

2nd

Yes

Yes

4th

3rd

4th

3rd

-

-

2nd

2nd

2nd

2nd

National,
hospital-based
NA
Sub-national
population-based

Yes

-

5th

3rd

4th

2nd

Yes
-

-

4th
5th

4th
> 5th

5th
5th

5th
> 5th

High non OECD

143000000

Turkey3

Upper middle

73997000

Ukraine3

Lower middle

45530000

Caucasican countries
Armenia3
Lower middle

2969000

Azerbaijan3
Georgia3

Ranking CRC
2
incidence

Upper middle
Lower middle

9309000
4358000

OECD (Organization for Economic Co-operation and Development): 1It referred to pro capita Gross National Income (current US$) as indicated by World
Bank: High income $382742014; High Income non OECD: $18939; Upper middle $79012014; Lower middle $2012; 2Incidence and mortality between different
cancers for country: data from http://www.who.int/cancer/country-profiles/en/adapted for each country; 3Data available from: http://assets.krebsliga.
ch/downloads/fl2014.pdf; aRegistry in Zurich, Vaud, Valais, Ticino, St Gall-Appenzell, Neuchâtel, Graubünden and Glarus, Geneva, Basel; bRegistry in
Saint Petersburg; cRegistry in Trabzon, Izmir, Erdine, Antalya. Information about registry existence are available from Ref. [46]. NA: Not available; NR: Not
reported; CRC: Colorectal cancer.

to WHO data (Table 4), early detection tests are not
[29]
available at the public primary health care level . CRC
ranks respectively as the second and third cause of
cancer death in Montenegro (Table 4).

that had been active in Vozdovac, Subotica and
[30]
Zrenjanin since 2005 . The current programme is
offered to 50 to 74 year olds without evidence of CRC
and uses the iFOBT. Its results are available online.
The rate of participation as of 30 September 2015 was
[31]
58.38% .

Serbia: At 43.3 in men and 23.3 in women, the
incidence of CRC in Serbia is fairly high and the tumour
is the second most common malignancy in both
sexes. The mortality rates are 28.8 in men and 11.5 in
women, and CRC is respectively the second and third
cause of cancer death in the country. Data quality is
good (Table 2). In 2013 Serbia implemented a national
screening programme by extending a programmes

WJG|www.wjgnet.com

Central Europe

France, Poland, Hungary, and the Netherlands offer
national organised programmes, and Belgium a
regional programme. Austria, Germany, the Czech
Republic, Slovakia, and Luxembourg provide for
spontaneous screening (Figure 1). The other countries
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EU-28 Countries with organised screening
ASW-R
Inc.
Mort.

EU-28 Countries with spontaneous screening
ASW-R
Inc.
Mort.

EU-19 Countries with organised screening
ASW-R
Inc.
Mort.

Belgium[r]
Croatia
Cyprus
Denmark
Estonia
Finland
France
Hungary
Ireland
Italy
Latvia
Malta
Netherlands
Poland
Portugal[r]
Slovenia
Spain
Sweden[r]
United Kingdom

Austria
Czech Republic
Luxembourg
Lithuania
Germany
Greece
Slovakia

Bosnia[r]
Georgia
Monaco
Norway[r]
San marino
Sebia
Turkey[r]

36.7
32.9
24.5
40.5
27.2
23.5
30.0
42.3
34.9
33.9
23.7
31.9
40.2
27.0
31.7
37.0
33.1
29.2
30.2

11.8
18.7
6.9
14.5
12.3
8.3
10.2
20.8
12.2
10.8
19.9
12.2
13.4
14.5
13.6
16.2
12.3
10.9
10.7

26.0
38.9
31.5
23.4
30.9
13.5
42.7

9.9
15.4
11.2
13.7
10.4
7.5
18.0

16.6
  8.5
NA
38.9
NA
32.6
16.6

  9.8
  4.6
NA
13.0
NA
16.6
10.0

EU-28 Countries with unknown screening status
ASW-R
Inc.
Mort.

EU-19 Countries with unknown screening status
ASW-R
Inc.
Mort.

Bulgaria
Romania

Albania
  8.4
Andorra
NA
Armenia
19.3
Azerbaj
  6.7
Liechtstenstein NA
Monteneg
28.2
Macedonia
24.3
Moldova
28.3
Ukraine
23.4

31.5
26.4

16.0
13.4

EU-19 Country with spontaneous screening
ASW-R
Inc.
Mort.
Iceland
Russia
Switzerland

28.4
24.5
29.4

7.4
15.2
9.3

  4.4
NA
11.1
  4.1
NA
15.9
13.0
16.5
13.7

Figure 1 Comparison between EU-28 and EU-19 according to distribution of screening programmes. Inc: Incidence; Mort:. Mortality; [r]: Regional screening;
NA: Not available.
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in the area are Switzerland, Liechtenstein, and the
Principality of Monaco.

since 2006. The programme uses the iFOBT. Subjects
receiving a letter of invitation can choose between
picking up the examination kit at their general
practitioner (GP) or at the screening centre. Those with
a positive test are referred to the Centre Hospitalier
Princesse Grace, where digestive endoscopy is
performed to establish the cause of the bleeding. The
service is offered to residents and foreign workers
aged 50-80 years. Participation is about 60%. In
March every year, the Blue March is organised in
France and the Principality to promote CRC awareness
and focus the attention of the population on the value
[35]
of CRC prevention .

Switzerland: The incidence rate of CRC is 36.3 in
men and 23.3 in women; CRC is the second most
common neoplasm in the country (Table 4). With
a mortality rate of 28.8 in men and 6.4 in women,
CRC ranks as the third cause of cancer death in both
sexes (Table 4). Data quality is good and in line with
that of neighbouring countries (Italy, France, and
Germany). Since 2002, the Swiss Federal Statistical
Office has been conducting a telephone survey, the
Swiss Health Interview Survey (SHIS). In 2007, it
assessed for the first time the date and reason for
the use of the iFOBT and/or colonoscopy and asked
[32]
detailed questions on screening . The 2007 results
found a rate of participation of 18.9% for both
methods. In 2012 participation rose to 22.2% (P =
[33]
0.036) ; colonoscopy rose from 8.2% in 2007 to
15% (P < 0.001) and the iFOBT fell from 13% to
9.8% (P = 0.002). In 2007 the prevalence of CRC
screening among respondents was 24.5% among
higher-income respondents (> $6000 a month) and
10.5% in those with a low income (< $2000); the
2012 survey found a similar difference (respectively
28.6% and 16.0%). There was no association with
[32]
education or occupation . Since 1 July 2013 the
test (colonoscopy every 10 years and iFOBT every
2 years) is partially covered by the mandatory
insurance for those aged 50 to 69 years. In Uri Canton
an organised programme is offered to 50-80 year
olds without a past or current history of CRC. The
programme was introduced in 2000 and the results
[33]
of the first round have been published ; the patient
could choose among colonoscopy, sigmoidoscopy,
and iFOBT + sigmoidoscopy, and more than 70%
opted for colonoscopy. Another programme in Vaud
Canton offers screening to individuals aged 50 to
69 years having no risk factors or a past or current
history of CRC; they can choose between the iFOBT
every 2 years and colonoscopy every 10 years; the
excess is paid for by the Cantonal administration, the
remaining expenses are sustained by the patient. The
programme is co-ordinated by the Fondation Vaudoise
[34]
pour le Dépistage du Cancer .

Southern Europe

In this region, Italy, Spain, Malta, and Cyprus offer
national organised programmes, and Portugal a
regional organised programme. In Greece screening is
spontaneous (Figure 1). There are also two tiny states,
Andorra and San Marino.
San Marino: Official incidence and mortality data are
not available; however, since San Marino is nestled in
the Italian region of Emilia-Romagna, they should be
similar to those of Italy. A national programme, offered
to individuals aged 50 to 75 years and managed by
the Screening Centre of the Istituto per la Sicurezza
Sociale, has been in place since 2009. The test is
delivered home by mail and the recipient is asked to
take it to the relevant Health Centre. Failure to do so
in three months results in a reminder. Subjects with
a positive test are referred to the State Hospital for
[36]
a second-level examination, usually colonoscopy .
Participation rates (65%) have been illustrated at a
[37]
press conference and are encouraging .
Andorra: WHO incidence and mortality data are not
available, but they can reasonably be considered to
resemble those of Cataluña. According to the 2014
WHO report - Cancer Country Profiles, CRC screening
with the iFOBT and colonoscopy are generally available
at the public primary health care level in this small
[38]
Pyrenean state
(Table 4). However, unlike the case
of breast cancer, the institutional website provides no
information on CRC prevention.

Eastern Europe

Liechtenstein: In this tiny state the incidence data
are provided by the National Bureau of Statistics.
CRC is the second most common cancer in men and
the third in women. No data are available on CRC
screening programmes, neither through institutional
websites nor through the WHO (Table 4).

In this area, Romania and Bulgaria do not offer
organised screening (Figure 1). The other states in the
region include the Republic of Moldova, the Russian
Federation, Turkey and Ukraine.
Republic of Moldova: In this country CRC is the
second most common neoplasm in men and women
alike (Table 4) with an incidence of 36.0 and 23.0
respectively. The mortality rate is 22.0 and 12.6,
respectively; CRC is the second cause of cancer morta
lity in the country (Table 4). The literature provides

Principality of Monaco: Official incidence and
mortality data validated by the WHO are not available
for this city-state, but they are probably similar to
those of France. The Centre Monégasque de Dépistage
has been coordinating the CRC screening campaign
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no information on screening programmes, but the
FOBT and colonoscopy are both available at the public
[39]
primary health care level (Table 4).

the geographical border with the Middle East.
Armenia: In Armenia CRC is the fifth most common
tumour among men (22.8) and the third among
women (17.0); it is the fourth cause of cancer death
among men (13.4) and the second among women (9.7)
(Tables 1 and 4). Data quality is fairly poor (Table 2).
The literature supplies no information on screening,
but the FOBT is available at the level of public primary
[48]
health care .

Russian Federation: CRC is the third tumour by
incidence and mortality among men (respectively 30.0
and 19.9) and the second among women (respectively
21.8 and 11.5) (Tables 1 and 4). Data quality is
mediocre (Table 2). No national screening programmes
[40]
are in place . The poor awareness regarding CRC
involves a high rate of late diagnoses (25.6% in stage
Ⅳ vs 18.8% in the United States) despite the fact
that the iFOBT and colonoscopy are largely available
[41]
at the public primary health care level
(Table 4). A
screening campaign launched in November 2015 in
the Saint Petersburg area, which hosts the sole cancer
[42]
registry in the Federation , follows an earlier, small[43]
scale programme set up in the Kazan region
(Table
3).

Azerbaijan: In Azerbaijan CRC incidence is fairly low
in both sexes (7.1 in men and 6.4 in women) and
is the fourth most common tumour. CRC mortality
is lower in men (4.3) than in women (19.8) and
the tumour is the fifth cause of cancer death in the
country (Tables 1 and 4). Data quality is poor (Table
2). Although there are no published data on screening,
the WHO report indicates that the FOBT is available at
[49]
the public primary health care level .

Turkey: In Turkey CRC incidence is 20.6 and 13.1 in
men and women, respectively (Table 1). The mortality
rate is 12.6 and 10.8, respectively (Table 1). Data
quality is mediocre (Table 2). The national Cancer
Control Department has been promoting cancer
prevention campaigns since 2003. In 2009 there were
no active population-based programmes, but merely
[44]
some sporadic pilot studies . However, a KETEM
centre per province (including 2 in Istanbul and 3 in
Ankara) supervise the execution of cancer screening
(breast and cervical cancer) according with national
guidelines; CRC was added in 2009. Screening is not
covered by Social Security provisions and is sustained
by the Health Ministry only for older and poorer
people. Screening is largely spontaneous, but some
centres like Ankara have started population-based
[44]
programmes
(Table 3). In the future, GPs will be
given the task of encouraging patients to pursue early
[44]
CRC detection . Both the FOBT and colonoscopy are
available at the public primary health care level, as
[45]
reported by the WHO country cancer profile . CRC
is the third and fourth cause of cancer death in the
country (Table 4).

Georgia: In this country CRC incidence is low: 9.9 in
men and 7.5 in women. The mortality figures are 5.5
in men and 4.0 in women. Data quality is poor (Table
2). Even though according to the WHO reports neither
the FOBT nor colonoscopy is available for first-level
[50]
screening , the literature and the official websites
mention a CRC screening campaign and report its
[51]
results . These data are summarised in Table 2.

DISCUSSION
Improvements in the health status of populations and
the progressive increase in life expectancy call for
the promotion and diffusion of healthy lifestyles, to
reduce the impact of non-communicable diseases; in
particular, cancer entails an extremely high social and
psychological burden. The chief mission of the Council
of Europe is to promote and protect human rights
in member states by issuing orientation papers and
guidelines. In particular, art. 11 of the Social Charter,
“The Right to Protection of Health”, explicitly mentions
the promotion of the health of the citizens of member
[52]
states
and art. 3 of the Convention on Human
Rights and Biomedicine makes reference to equal and
[53]
appropriate access to health care .
Interestingly, comparison of neighbouring countries
offering regional screening shows, for instance, that
incidence and mortality rates are 38.9 and 13.0 in
Norway and 29.2 and 10.9 in Sweden, whereas in
Finland, where a national organised programme is
[54]
available, they are respectively 23.5 and 9.3 .
Epidemiological data quality varies broadly between
EU-28 and EU-19 countries. In terms of incidence, only
30% of EU-19 countries rank high in data quality (A, B
and C), as opposed to 86% of EU-28 states. The same
applies to mortality data: 52%of EU-19 countries as
against all EU-28 countries are found in the high ranks

Ukraine: In Ukraine, the incidence rate of CRC is 29.9
in men and 19.9 in women and the tumour ranks
second as a cause of cancer death. The mortality rate
is 18.8 in men and 10.8 in women. Data quality is
excellent (Table 2). According to the cancer registry,
the 2002-2006 cancer plan included prevention
programmes for cervical, breast, colorectum, prostate,
[46]
skin, and oral cavity . Based on WHO data, screening
tests are not available at the public primary health care
[47]
level (Table 4).

Caucasian countries

These states lie on the extreme eastern boundary of
Europe, where the Caucasus traditionally represents
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(1, 2, or 3) (Table 2).
Assessment of the method of collection of incidence
data showed that only 32% of EU-19 countries were
found in the top three quality classes (A, B and C)
as against 89% of EU-28 countries. For the mortality
data, 63% of EU-19 countries were found in the
highest ranks as opposed to all EU-28 member states
(Table 2). The continuous improvement in the quality
of epidemiological data collection critically supports
public health decision-making, in that it represents
the phenomena studied in an increasingly accurate
manner in all geographical areas. This is all the more
important at a time when the European continent is
besieged by problems such as the economic downturn,
climate change, international tensions and, last
but definitely not least, the management of strong
migration flows. The economic crisis has hampered
the activation of large-scale screening programmes in
[19]
countries, like Iceland , where the recession has had
a devastating impact, involving their postponement.
[30,31]
In other emerging states and areas, like Serbia
,
[51]
[42]
Georgia , and Saint Petersburg , populationbased programmes have been implemented despite
the crisis, making cancer prevention a priority, also
to reduce social inequality. Clearly, it is critical to
stimulate awareness of the importance of cancer
prevention through screening.
[55]
In a recent British study, Moffat et al
found
that awareness is crucial where cancer and its early
detection are concerned. The authors measured CRC
symptom knowledge before and after an awareness
campaign directed at lower-income subjects, and
showed that the campaign improved the knowledge
of suspicious symptoms. Notably, the campaign
also increased screening requests to GPs. Another
key finding was a greater awareness of CRC among
the elderly, suggesting that differential campaigns
are not required for different age classes. Largescale campaigns like the Blue March, organised in
France and Monaco Principality, should therefore be
[35]
encouraged .
The absence of organised screening increases
the social burden of cancer, delaying the adoption
of treatments of proven efficacy that induce as little
disability as possible. The situation is especially clear in
economically and technologically advanced countries
like Switzerland, where a significantly lower demand
for testing has been found among low-income than
high-income citizens. Conceivably, the problem is even
more severe in countries where early detection testing
is not provided by the national health care system
and is predominantly out of pocket, compounding the
vulnerability of the poorer groups in the population.
State funding is a problem in several countries, like
Turkey, where dedicated cancer screening centres are
found in each province and are theoretically easier to
reach. In fact, however, the fact that most people have
to pay for their tests, since only the poorest and oldest
benefit from state help, prevents access by large
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swathes of the population. It should be stressed that
the activation of organised screening programmes is
[56]
not a net cost to emerging countries , but is actually
[57,58]
cost-effective
, also considering that early tumour
detection considerably reduces subsequent social and
[43]
health costs .
The situation of these countries contrasts with the
one characterising small states like Monaco Principality
and San Marino, where the tiny population enables a
more effective organisation of health care, including
prevention. Monaco Principality deserves high praise
[35]
for extending screening benefits to foreign workers .

Screening professionals and activity

Finally, gastroenterologists play an important role in
CRC screening. They should not view early detection
testing as a practice undermining their expertise, but
[59]
as a resource that adds to their specialist training .
The same applies to clinical pathologists: in some
countries, like Russia, their training is predominantly
[40]
oriented to necroscopy : diagnosing living patients
is therefore a challenge for all health care figures.
The epidemiologist also has a critical role in local
screening co-ordination, patient flow organisation,
data management, and data transmission to cancer
registries, to improve cancer knowledge and treatment
in the various districts. GPs are an essential link in
the prevention chain, since they have the task of
raising the awareness of those who are at risk and of
stimulating those who would benefit from screening
to undergo testing, without alarming them. In Turkey,
for instance, GPs have the task of directing patients
[44]
to screening . Patient associations and health
care professionals should also work to increase the
awareness of institutions and law-makers towards
screening and its benefits.
In conclusion, cancer screening should be viewed
as a key health care tool, also because investing in
screening protects the weakest in the population,
decreases the social burden of cancer, and reduces all
types of health care costs, including those for radical
surgery, long-term hospitalisation, and chemotherapy.
Finally, screening for those at risk should be sti
mulated, offered without charge, and adequately
publicised irrespective of the health care system
organisation in place.
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Abdominal cocoon syndrome (ACS) is a rare cause of
intestinal obstruction due to total or partial encapsulation
of the small intestine by a fibrocollagenous membrane.
Idiopathic ACS with abdominal cryptorchidism and
greater omentum hypoplasia is even rarer clinically. We
successfully treated a 26-year-old male case of small
bowel obstruction with acute peritonitis. He was finally
diagnosed with idiopathic ACS with unilateral abdominal
cryptorchidism and greater omentum hypoplasia during
exploratory laparotomy. He then underwent enterolysis,
cryptorchidectomy, and appendectomy. He recovered
gradually from the operations and early postoperative
inflammatory ileus. There has been no recurrence
of intestinal obstruction since the operation, and he
is still in follow-up. We analyzed his clinical data and
retrospectively reviewed the literature, and our findings
may be helpful for the clinical diagnosis and treatment
on ACS.
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Core tip: Abdominal cocoon syndrome (ACS) is a
rare abdominal disease where a portion or all of the
abdominal organs are wrapped in a dense membranelike fibrous tissue. Intestinal obstruction is the main
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clinical manifestation of ACS. Because of its rarity
and lack of characteristic symptoms, ACS is fairly
difficult to diagnose pre-operatively. Surgeons should
be aware of this disease when confronted with a
case of intestinal obstruction whose abdominal
radiography shows intestinal loop aggregation
cluster. Accompanying cryptorchidism is possible,
and a careful physical examination and operative
exploration for the undescended testicle should be
performed. Postoperative care and dietary guidance
are very important to the rehabilitation of ACS patients.
Postoperative re-adhesion and early postoperative
inflammatory ileus easily occur after extensive
enterolysis.
Fei X, Yang HR, Yu PF, Sheng HB, Gu GL. Idiopathic abdominal
cocoon syndrome with unilateral abdominal cryptorchidism and
greater omentum hypoplasia in a young case of small bowel
obstruction. World J Gastroenterol 2016; 22(20): 4958-4962
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i20/4958.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i20.4958

Figure 1 Abdominal radiography. The dilated intestine with air-fluid levels
was prominent in the right middle abdomen.

elevated to 75.1%. Abdominal radiography detected
the dilated intestine with air-fluid levels in the right
middle abdomen (Figure 1). Abdominal computed
tomography detected dilated small intestinal loops
containing air-fluid levels clustered in the middle
abdomen that were surrounded by a thick and saclike membrane (Figure 2). The widespread adhesions
between the peritoneum and small intestine were
found during exploratory laparotomy. With further
exploration, a cocoon-like fibrous structure was
identified in the middle abdomen that surrounded
the majority of small intestine (Figure 3). The right
undescended testicle had softened and adhered
tightly to the fibrous membrane near the appendix.
The greater omentum was hypoplastic. When the
cocoon-like fibrous membrane was opened, the small
intestinal segments were dilated due to obstruction,
but they were otherwise normal in structure. The
obstruction was caused by fibrous bands of irregular
thickness inside the cocoon-like fibrous membrane.
The operation was completed after total excision of the
fibrous membrane and removal of the adhesions. The
released small intestinal segments were rearranged
and coated with sodium hyaluronate. At the same
time, the right undescended testicle and appendix
were resected. Postoperative pathologic examination
showed that the testis with interstitial fibrosis had no
spermatogonium, primary spermatocyte, secondary
spermatocyte, spermatid, or spermatozoon present in
the seminiferous tubules (Figure 4).
Patient recovery during postoperative week one went
well, but he suffered early postoperative inflammatory
ileus (EPII) performance with intermittent abdominal pain
and vomiting on postoperative day 12. After a series
of symptomatic treatments for about 5 d, including
fasting, gastrointestinal decompression, inhibiting
secretion of digestive juices by octreotide, nutritional
support, and maintaining balance of electrolytes; he
recovered gradually and was discharged on December

INTRODUCTION
Abdominal cocoon syndrome (ACS) is a rare abdominal
disease where a portion or all of the abdominal organs
are wrapped in dense membrane-like fibrous tissue.
It was first reported in 1978 and is also known as
idiopathic sclerosing peritonitis, primary sclerosing
[1,2]
peritonitis, and sclerosing encapsulating peritonitis .
The etiology and epidemiological characteristics of
idiopathic ACS remain unknown. Intestinal obstruction
is the main clinical manifestation of ACS. Usually, ACS
is chanced upon during abdominal surgery. Because of
its rarity and lack of characteristic symptoms, ACS is
fairly difficult to diagnose prior to the operation.
We successfully treated a young male with intestinal
obstruction secondary to idiopathic ACS with unilateral
abdominal cryptorchidism and greater omentum hypo
plasia.

CASE REPORT
A 26-year-old male patient was admitted to the
emergency department with complaints of abdomi
nal pain, nausea, and vomiting for about 10 h on
November 25, 2014. Although this patient had a
history of overeating before hospitalization, he did
not have a history of chronic systemic disease or
abdominal trauma. Upon physical examination, there
was asymmetrical distension and general tenderness
with heightened intestinal sounds, especially prominent
in the right middle abdomen. The right testicle was not
palpable in the scrotum. The laboratory examinations
showed normal peripheral leukocyte counts (7.98
9
× 10 /L), but the ratio of neutrophils was slightly
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Figure 2 Abdominal computed tomography scans. Dilated small intestinal loops containing air-fluid levels were clustered in the right middle abdomen and
surrounded by a sac-like membrane.

Figure 3 Intraoperative findings. Dilated small intestine was surrounded by
a capsular structure in the right middle abdomen, which had a regular surface
composed of natural fibrous membranes.

WJG|www.wjgnet.com

Figure 4 Pathologic examination (HE × 200). The testis with interstitial
fibrosis had no spermatogonium, primary spermatocyte, secondary
spermatocyte, spermatid, or spermatozoon in the seminiferous tubules.
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20 2014. The intestinal obstruction has not recurred,
and he is still undergoing follow-up.

COMMENTS
COMMENTS
Case characteristics

Patient was admitted to the emergency department with complaints of
abdominal pain, nausea, and vomiting for about 10 h.

DISCUSSION
According to whether its etiology is explicit or not,
ACS can be divided into two subtypes: primary
[3]
(idiopathic) and secondary . Usually, secondary
ACS results in chronic asymptomatic peritonitis,
such as endometriosis, retrograde menstruation,
[4]
peritoneal dialysis, and abdominal tuberculosis .
Although idiopathic ACS is rare clinically, patients
with idiopathic ACS are often accompanied by the
absence of the greater omentum and cryptorchidism,
suggesting that genetic factors may play a role in
the etiology of idiopathic ACS. Our case developed
intestinal obstruction and peritonitis without any other
known risk factors; but the typical fibrous membrane
surrounding the small intestine with greater omentum
hypoplasia and undescended testicle confirmed that
the diagnosis of idiopathic ACS is correct.
Although ACS is a rare cause of intestinal obstruction,
we should vigilantly remember this disease when faced
with a case of intestinal obstruction whose abdominal
radiography shows intestinal loop aggregation into
[5,6]
a cluster . When ACS is suspected, accompanying
cryptorchidism should be suspected, and a careful
physical examination and operative exploration
for the undescended testicle should be performed.
How to deal with the undescended testicle remains
[7,8]
controversial
. Because surgical options of the
undescended testicle interfere with patient fertility
and have a high risk of seminoma, it is necessary
to fully communicate with the patient about this
matter before the operation is performed. As for the
appendix, we think appendectomy may be a good
option for patients with ACS, because the occurrence
of postoperative abdominal adhesions is inevitable,
and it will be very difficult to perform appendectomy
in these postoperative patients if appendicitis or other
[9]
appendical diseases occurs . The surgeon should pay
attention to reserve the vital intestine and possibly the
ileocecal valve and to avoid resecting the “cocoon”, as
tumor results in short bowel syndrome.
As to the patients with ACS, postoperative care
and dietary guidance are very important to their
rehabilitation. Postoperative re-adhesion and EPII
occur easily after the extensive dissection of the
[10]
enterolysis . Therefore, we should encourage pa
tients to get out of bed early in order to promote
intestinal peristalsis recovery and to avoid recurrence
of intestinal obstruction. The patients’ diet should be
gradually restored since their gastrointestinal function
recovery is manifested as exhaust and defecation. The
whole process of diet restoring maybe take about 10
d to 2 wk, beginning from liquid diet and progressing
to semi-liquid diet, soft diet, and finally to general diet.
Our case’s discharge time was delayed for about 7 d
by EPII because of improper self-eating.
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Clinical diagnosis

Upon physical examination, there was asymmetrical distension and general
tenderness with heightened intestinal sounds, which were especially prominent
in the right middle abdomen.

Differential diagnosis

Abdominal computed tomography detected dilated small intestinal loops
containing air-fluid levels clustered in the middle abdomen that were surrounded
by a thick and sac-like membrane.

Laboratory diagnosis

During exploratory surgery, a cocoon-like fibrous structure surrounding the
majority of the small intestine was identified in the middle abdomen.

Imaging diagnosis

Abdominal computed tomography detected dilated small intestinal loops
containing air-fluid levels clustered in the middle abdomen that were surrounded
by a thick and sac-like membrane.

Pathological diagnosis

Pathologic examination showed that the testis with interstitial fibrosis had no
spermatogonium, primary spermatocyte, secondary spermatocyte, spermatid,
or spermatozoon in the seminiferous tubules.

Treatment

The patient underwent a series of operations, firstly exploratory laparotomy, and
then enterolysis, cryptorchidectomy, and appendectomy.

Term explanation

Abdominal cocoon syndrome (ACS) is a rare cause of intestinal obstruction
due to total or partial encapsulation of the small intestine by a fibrocollagenous
membrane.

Experiences and lessons

When encountering a suspected case of ACS, the surgeon must be aware
of the possibility of accompanying cryptorchidism. Then, a careful physical
examination and operative exploration for the undescended testicle should be
performed. Postoperative care and dietary guidance are very important to their
rehabilitation.

Peer-review

This manuscript is a very interesting case report of a rare disease, ACS. Here,
the patient presented with a small bowel obstruction with acute peritonitis. ACS
is a rare disease where a portion of or all of the abdominal organs are wrapped
in dense membrane-like fibrous tissue.
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