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Abstract
Colorectal cancer is a major global cause of morbidity
and mortality. Current strategies employed to increase
detection of early, curable stages of this disease are
contributing to a reduction of the negative health
impact from it. While there is a genetic component to
the risk of disease, diet and environment are known
to have major effects on the risk of an individual
for developing the disease. However, there is the
potential to reduce the impact of this disease further
by preventing disease development. Biomarkers
which can either predict the risk for or early stages
of colorectal cancer could allow intervention at a time
when prospects could be modified by environmental
factors, including lifestyle and diet choices. Thus,
such biomarkers could be used to identify high risk
individuals who would benefit from lifestyle and dietary
interventions to prevent this disease. This review will
give an overview on one type of biomarker in the form
of microRNAs, which have the potential to predict
an individual’s risk for colorectal cancer, as well as
providing a highly sensitive and non-invasive warning
of disease presence and/or progression. MicroRNA
biomarkers which have been studied and whose
levels look promising for this purpose include MiR18a, MiR-21, MiR-92a, MiR-135b, MiR-760, MiR-601.
Not only have several individual microRNAs appeared
promising as biomarkers, but panels of these may be
even more useful. Furthermore, understanding dietary
sources and ways of dietary modulation of these
microRNAs might be fruitful in reducing the incidence
and slowing the progression of colorectal cancer.
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expensive and it carries a risk for complications .
Clearly, there is a need for a new biomarker or panel of
biomarkers which are non-invasive, cost-effective and
allows the identification of risk for CRC, for example
by identifying patients with precancerous lesions. One
such group of potentially highly sensitive biomarkers,
microRNAs, will be examined in this manuscript.

Core tip: The requirements for colonoscopic technologies
in order to detect early stages of colorectal cancer
are being superseded by highly sensitive microRNA
technologies using various body fluids. As well as
providing early warnings of the disease, these also
potentially provide a highly sensitive marker of dietary
efficacy in disease prevention or slowing of disease
progression.

RISK FACTORS FOR CRC
Certain non-modifiable and modifiable risk factors
are known to be associated with CRC risk. Nonmodifiable risk factors which increase an individual’
s risk of the disease include age, a personal history of
adenomatous polyps or inflammatory bowel disease,
a family history of adenomatous polyps or colorectal
[3]
cancer and inherited genetic risk . Modifiable
risk factors include diet, physical activity, obesity,
[3]
cigarette smoking and alcohol consumption .
There have been many studies relating various
dietary factors to colorectal cancer risk. There is
considerable evidence that certain types of dietary
[4]
fibres reduce the risk of CRC . However, there is also
opposing evidence that indicates that other dietary
[5]
fibres may increase the risk of CRC development .
Studies have shown an association between high
intake of red and processed meats and increased
[6,7]
risks of CRC
. For the relationship between
folate intake and the risk of CRC, there have been
[8]
inconsistent results . The impact of protein intake on
CRC risk is also unclear. Different studies have shown
high protein intake to associate with both elevated
[9,10]
and reduced risks of CRC
. These differences in
results highlight the impact that the characteristics
of the population study and the type of protein can
[11]
have on the results . There is evidence that obesity
[12]
increases risk of colon cancer .
The human colonic microbiota is composed of
bacteria, some of which can enhance while others
[13]
can protect against colorectal carcinogenesis . The
burden of CRC may be alleviated by using certain
types of dietary fibre to manipulate the metabolic
activity of the bowel microbiota or by changing
[13]
the composition of the microbiota . Low vitamin
D status may also be associated with a higher risk
[14]
of colorectal cancer . High levels of low-density
lipoprotein, triglycerides and total cholesterol may
[15]
also be associated with increased risk . However,
further studies producing more convincing results
are needed on this relationship. Reports have also
investigated the relationship between minerals and
risk of CRC. For example, very low or very high
selenium concentrations seem to enhance the risk of
cancer, while the optimal concentration and form of
[16]
selenium may be protective .

Lee K, Ferguson LR. MicroRNA biomarkers predicting
risk, initiation and progression of colorectal cancer. World J
Gastroenterol 2016; 22(33): 7389-7401 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i33/7389.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i33.7389

INTRODUCTION
Colorectal cancer (CRC) is the second most common
cancer in women and the third most common cancer in
[1]
men . In the earliest stages of CRC development, the
lesion may not cause obvious symptoms, so individuals
may not be prompted to go to a health practitioner
until disease is advanced. Hence, many CRC patients
present late, when their cancer is advanced and their
prognosis for a permanently curative resection is less
likely. As well as the asymptomatic nature of early
CRC, other reasons why people may present with CRC
at a late stage may be because of the insensitivity of
screening tests to pick up precancerous lesions, or
refusal to undergo a screening test for various reasons.
In this review, we briefly consider current screening
[2]
technologies , and then develop a rationale for a new
highly sensitive screen using a novel biomarker.
The current CRC screening methods are faecal occult
blood test, fecal immunochemical test, sigmoidoscopy
and colonoscopy. Guaiac faecal occult blood tests are
more effective when a repeat test is performed every
[2]
1 or 2 years . Both guaiac faecal occult blood test and
faecal immunochemical test have more of an important
role in detecting early cancer rather than precancerous
lesions as the tests only identifies a small proportion
[2]
of patients with advanced adenomas . Therefore, due
to their low sensitivity for advanced adenomas, most
advanced adenomas will go undetected and therefore
these stool blood tests will not significantly contribute
to prevention of cancer by detection and excision of
adenomas. The limitation with sigmoidoscopy is that
it is less likely to identify colon neoplasia in a proximal
[2]
location . In addition to this, sigmoidoscopy is a
relatively inconvenient test as a bowel preparation and
[2]
an office visit is needed . Colonoscopy is comparatively
a more attractive option than sigmoidoscopy as patients
have their whole colon investigated and they can also
[2]
have sedation . However, colonoscopy is invasive,
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CRC arises following an accumulation of genetic and

7390

September 7, 2016|Volume 22|Issue 33|

Lee K et al . MicroRNA biomarkers and CRC
epigenetic changes which transform normal colonic
[17-19]
epithelial cells into cancerous cells
. Mutations
in proto-oncogenes and tumour suppressor genes
[17]
also contribute . There are also many genetic
polymorphisms which are being identified as increasing
an individual’s susceptibility to developing colorectal
cancer. However, genetic variants such as mutations
and polymorphisms are specific sequences of DNA and
are therefore fixed and not modifiable. Hence, although
genetic markers may be able to identify individuals at
risk for colorectal cancer, they cannot be changed by
lifestyle or dietary interventions.
Unlike genetic alterations, epigenetic changes
are potentially modifiable. Epigenetic alterations are
heritable changes in gene expression which do not alter
the DNA sequence. Epigenetic mechanisms include DNA
methylation, microRNA (miRNA) expression, histone
modification and chromatin remodelling. Epigenetic
alterations can increase, decrease or silence gene
[19]
expression . There has recently been a surge in the
scientific literature of epigenetic biomarkers which are
[19-21]
potentially associated with colorectal cancer
. In
particular, there has been a focus on DNA methylation
and miRNA expression patterns, the latter of which will
be the subject of this review.
The majority of CRCs arise from localised pre
cursor lesions called adenomas. Thus, individuals
with colorectal adenomas are at increased risk of
[17]
CRC . Removal of this adenoma can prevent it from
developing into cancer. An epigenetic biomarker which is
differentially expressed in adenoma patients compared
to healthy controls would identify those people who
have an increased risk for developing CRC. As the
presence of adenomas is known to increase risk for
CRC, epigenetic biomarkers which detected adenomas
have been included in this review.

require a sample of tissue in which to measure the
expression of the epigenetic biomarker. This is usually
taken through a biopsy during colonoscopy and is thus
an invasive technique which requires colonoscopy and
excision of tissue. An ideal biomarker is non- invasive
so this review only included biomarkers which were
measured from a stool or blood sample. The details of
[23-36]
the studies are provided in table 1
, and discussed
subsequently.

MICRORNA IN CRC RISK
While some studies had considered peripheral blood
mononuclear cells which are important for studying
DNA or gene expression changes, the small size of
miRNAs means that they are more readily detected
in plasma samples, or in faecal samples. Thus, the
following discussion mostly considers such samples.
MiR-21 has been investigated in several different
[23]
studies. Link et al
showed that miR-21 was
increased in stool samples from adenoma subjects
compared to normal colonoscopy subjects. However,
in another stool-based study, no difference was
found in miR-21 levels between patients with polyps
[26]
and controls . Two studies have demonstrated that
miR-21 is overexpressed in the serum of patients
with advanced adenomas (AA), as compared to
[24,25]
controls
. Two findings from one of the serumbased studies indicated that miR-21 in the serum of
CRC patients is secreted from CRC tissue, which is
significant as it increases the diagnostic specificity of
[25]
blood-based levels of miR-21 . Initially, Toiyama
[25]
et al
observed a statistically significant correlation
between tissue miR-21 level and matching serum
samples from a small number of patients with
CRC. Surgical removal of CRC led to a statistically
significant reduction of miR-21 in the serum of these
same patients. However, they identified two possible
limitations of miR-21 as a colorectal neoplasia
biomarker. Firstly, it is presently difficult to be certain
that changed expression levels of circulating miR-21
are specifically caused by colorectal neoplasia,
because circulating miR-21 has been reported to be
associated with other cancers, such as breast cancer,
[25]
glioblastoma and pancreatic cancers . Secondly, all
their study samples were from subjects of Japanese
[25]
origin . Hence, the lack of ethnic diversity may
hamper this study’s applicability to other populations.
[27]
Luo et al
did not find any differences in plasma
miR-21 levels of AA patients, compared to controls.
However, these authors acknowledged that their
observed lack of differences in miRNA expression
levels may have been because of inadequate power
to distinguish modest differences due to small sample
sizes.
MiR-92a has also been examined in a number
of studies. It was shown to be overexpressed in
[24]
[31]
[26]
the serum , plasma
and stool
of AA patients,

BIOMARKERS
A biomarker is “a characteristic that is objectively
measured and evaluated as an indicator of normal
biological processes, pathogenic processes, or phar
[22]
macologic responses to a therapeutic intervention” .
Environmental factors have been linked to aberrant
epigenetic modifications which contribute to cancer
formation. In colorectal cancer, there is the potential to
link lifestyle and diet risk factors to aberrant epigenetic
alterations in the very early stages of colorectal cancer
development. As both epigenetic changes and lifestyle
choices are modifiable, there is the possibility that
positive lifestyle interventions can alter epigenetic
mechanisms to change gene expression and reduce
the risk for colorectal cancer. This modified level
or expression of the epigenetic markers could be
measured as a biomarker to reflect the risk status of
the individual.
Many biomarkers in the literature are either tissue,
[22]
stool or blood-based . Tissue based biomarkers

WJG|www.wjgnet.com
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Table 1 Summary of experiments relevant to microRNA detection of colorectal cancer
miRNA

Sample size
Cases (n )

miR-21
miR-106a
miR-17 miR-143
miR-622 miR-654-3p

Findings

Controls (n )

9 non-advanced
adenomas and AA
10 CRC

10 controls
miR-21, miR-106a:
(normal colonoscopy) Colorectal neoplasia (adenoma, CRC) patients had higher
stool expression of these two miRNA compared to normal
colonoscopy subjects (P < 0.05). Adenoma patients had
higher stool miR-21 and miR-106a expression compared
to CRC patients
miR-17, miR-143, miR-622, miR-654-3p: No differences
between groups
miR-21
50 AA
80 controls
miR-21, miR-92a:
miR-92a miR-31
200 CRC
(do not have a current
miR-21 and miR-92a levels in CRC patients and AA
miR-18a miR-106a
or previous malignancy patients were significantly higher compared to controls
or inflammatory
(all P < 0.05). miR-21 yielded an AUC of 0.709 in
condition)
differentiating AA from controls. miR-92a yielded an AUC
of 0.701 in differentiating AA from controls. Both miRNA
together yielded an AUC of 0.722 in differentiating AA
from controls miR-18a, miR-31, and miR-106a:
No significant differences between groups
miR-21
43 AA
53 controls
miR-21:
miR-31
60 postoperative
(negative colonoscopic
Serum levels were increased in adenomatous polyp
patients
examination, no prior
patients compared with controls (P < 0.001). Serum
186 CRC
diagnosis of any other miR-21 levels yielded an AUC of 0.803 (95%CI: 0.669-0.869)
malignancy)
in differentiating AA from controls. The sensitivity,
specificity, positive predictive value and negative
predictive values were 76.8 % and 81.1%, 76.7%, and
81.1%, respectively, at a cut-off value of 0.0013
miR-92a
44 patients with
101 controls
miR-92a:
miR-21
minor polyp
(asymptomatic
Stool miR-92a was significantly increased in polyp
(defined as
individuals)
patients compared with controls (P < 0.0001). Sensitivity
hyperplastic polyp
of 56.1% for polyp, specificity of 73.3%. Higher sensitivity
or adenoma less than
for AA than minor polyps (P < 0.05). The removal of AA
1 cm in diameter)
led to a decrease in stool miR-92a level (P < 0.05).
13 AA
miR-21:
88 CRC
No difference between polyps and controls
miR-29a, miR -106b, Marker validation
Marker validation
No statistically significant differences between AA
miR -133a, miR
phase
phase
patients and controls for any of the investigated
-342-3p, miR -532-3p
50 AA
50 controls (free of
miRNA
miR-18a, miR -20a,
colorectal neoplasms)
miR -21, miR -92a,
miR -143, miR -145,
miR -181b
miR-10a,
73 non-advanced
48 controls
No statistically significant associations with non-advanced
miR-29a, miR-31,
adenoma
(polyp-free)
adenoma or AA for any of the investigated miRNA
miR-92a,
43 AA
miR-100,
8 CRC
miR-125b, miR-184,
miR-187, miR-196a,
miR-200b, miR-203,
miR-17-3p
miR-34a
Discovery set
Discovery set
miR-34a:
miR-150 miR-923
8 polyp
8 controls
Validation cohort: Significantly higher in adenoma group
16 adenoma
compared to controls (FC 2.09, P = 0.028). Significantly
8 CRC (stage I/Ⅱ)
higher in adenoma group compared to the polyp group
8 CRC (stage
(FC 2.71, P = 0.002).
miR-923:
Ⅲ/Ⅳ)
Validation set
Validation set
Validation cohort: No significantly different levels
20 polyp
20 controls
20 adenoma
23 CRC (stage
I/Ⅱ)
14 CRC (stage
Ⅲ/Ⅳ)

WJG|www.wjgnet.com
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Specimen
type

Ref.

Stool

Link et al[23]

Serum

Liu et al[24]

Serum

Toiyama et
al[25]

Stool

Wu et al[26]

Plasma

Luo et al[27]

Plasma

Adams et
al[28]

Plasma

Aherne et
al[29]
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miR-18a
miR-15b miR-19a
miR-19b miR-29a
miR-335

Set 1
20 AA
21 CRC
Set 2
40 AA
42 CRC

Set 1
20 controls
Set 2
53 controls

miR-18a:
Set 1 and Set 2: Significantly overexpressed in AA patients
compared to controls in both sets.
Set 1: Good discriminative capacity in AA patients
(AUROC, 0.84; 95%CI: 0.72-0.96; sensitivity [S], 80%;
specificity [Sp], 80%).
Set 2: Lower discriminative capacity in AA patients
(AUROC, 0.64; 95%CI: 0.52- 0.75; S, 72%; Sp, 57%)
miR-29a,
Large-scale
Large-scale validation
miR-29a and miR-92a:
miR-92a,
validation
59 controls
Significantly higher in AA compared to controls (P <
37 AA
(negative results of 0.0001 for miR-29a, P < 0.0001 for miR-92a). Both miRNAs
100 CRC
health examination
together yielded an AUC of 0.773 (95%CI: 0.669-0.877),
including blood
sensitivity 73.0% and specificity 79.7%, in discriminating
test, chest X-ray,
AA.
abdominal ultrasound
miR-29a:
examination, fecal
Yielded an AUC of 0.769 (95%CI: 0.669-0.869) for
occult-blood testing,
differentiating AA from controls. The sensitivity was
rectal touch,
62.2% and specificity 84.7%, at a cut-off value of 1.210 for
CT scan and
miR-29a. The odds ratio for cases with miR-29a > 1.210
colonoscopy. None being associated with AA was 12.20 (95%CI: 4.350-34.237).
of these controls had
miR-92a:
previously
Yielded an AUC of 0.749 (95%CI: 0.642-0.856) for
been diagnosed
differentiating AA from controls. Sensitivity 64.9% and
with any types
specificity 81.4%, at a cut-off value of 1.682 for miRof malignancy
92a. The odds ratio for cases with miR-92a > 1.682 being
previously)
associated with AA was 4.56 (95%CI: 1.893-10.988)
A panel of 8
Initial Screening
Initial Screening
Initial Screening 15 out of 380 screened miRNAs most
miRNAs
9 adenoma
12 controls (without CR dys-regulated in plasma of adenoma patients compared
miR-532-3p +
20 CRC (stage
neoplasia)
to controls (P < 0.05, FDR: 5%).
miR-331 + miR-195 +
Validation
Validation
Ⅲ/Ⅳ)
miR-17 +
Validation
26 controls
A panel of 8 plasma miRNAs yielded an AUC of 0.868
miR-142-3p + miR16 adenoma
(without
(95%CI: 0.76-0.98), sensitivity 88% and specificity 64% in
15b + miR-532 +
CR neoplasia)
differentiating adenoma from controls
15 CRC (stage Ⅰ/Ⅱ)
miR-652
15 CRC (stage Ⅲ)
15 CRC (stage Ⅳ)
miR-601
Large scale
Large scale validation miR-601: AUC of 0.638, sensitivity of 72.1% and specificity
miR-760
validation
58 controls
of 51.7% in differentiating AA from controls
43 AA
miR-760: AUC of 0.682, sensitivity of 69.8% and specificity
90 CRC
of 62.1% in differentiating AA from controls
miR-601 + miR-760:
Significantly decreased in colorectal neoplasia (AA and
CRC) compared to controls. Both miRNAs together
yielded AUC of 0.683, sensitivity 72.1% and specificity
62.1% in differentiating AA from controls
miR-135b
110 adenomas < 1
109 controls
miR-135b:
miR-31
cm in size
(normal colonoscopy) Significantly increased in adenoma subjects (median, 28.4;
59 AA
IQR, 0.2-79.7; P < 0.0001) compared to controls (median,
42 IBD
0; IQR, 0-30.8). No significant difference in IBD subjects
104 CRC
compared to controls. AUC of 0.71 for detection of
adenoma. Sensitivity of 73% for AA, 61% for adenoma <
1 cm in diameter, 65% for any adenoma and specificity of
68%, at a cut-off of 14 copies/ng of stool RNA. Sensitivity
of 44% for adenoma < 1 cm, 46% for AA, and specificity of
80%, at a cut-off of 38 copies/ng of stool RNA. Removal
of AA or CRC resulted in a significant reduction of stool
miR-135b.
miR-31:
No significant differences between groups
miR-18a
151 adenoma
198 controls
miR-18a, miR-221:
miR-221
48 AA
(normal colonoscopy)
No significant up-regulation in adenoma or AA
198 CRC
A panel of 4
Validation of the
Validation of the
Validation of the miRNA panel
miRNAs
diagnostic
diagnostic performance
The miRNA panel yielded an AUC of 0.765 (95%CI:
miR-19a-3p +
performance of the of the miRNA panel:
0.669-0.845) in differentiating adenoma from controls
miR-223-3p + miRmiRNA panel:
102 controls
92a-3p +
73 adenoma
(healthy individuals
miR-422a
117 CRC
seeking a routine
health check- up)

Plasma

Giráldez et
al[30]

Plasma

Huang et
al[31]

Plasma

Kanaan et
al[32]

Plasma

Wang et al[33]

Stool

Wu et al[34]

Stool

Yau et al[35]

Serum

Zheng et
al[36]

CRC: Colorectal cancer; AA: Advanced adenomas; IBD: Inflammatory bowel disease.
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[27]

compared to controls. However, Luo et al
did not
show a difference of miR-92a levels in the plasma
of AA patients compared to neoplasm-free controls.
[28]
Furthermore, Adams et al
did not find plasma
miR-92a levels to be associated with non-advanced
adenomas or AA. The cause of these discrepancies is
unclear, but may have been due to differing samples
sizes and patient characteristics including ethnicity. A
notable finding that supported the involvement of miR92a in CRC came from the stool based study of miR[26]
92a from Wu et al , as they found that following
the removal of AA or cancer, there was a significant
reduction in stool miR-92a.
[30]
Giráldez et al
found that miR-18a was over
expressed in the plasma of AA, compared to controls.
However, these findings were not concordant with
another study which found no differences in plasma
miR-18a levels in AA samples, compared to neoplasm[27]
free controls . Another study did not find differences
in miR-18a levels between serum samples from
[24]
AA individuals and controls . Furthermore, no
upregulation of miR-18a was seen in stool samples
[35]
from adenoma subjects . Thus, the present balance
of evidence does not support miR-18a being a useful
biomarker.
Similarly, miR-31 also does not seem like a useful
biomarker at present. A number of studies have not
been able to find a difference in miR-31 expression
levels between adenoma patients and controls in
[24,25]
[28]
[34]
serum
, plasma
or stool
samples. A large
case-control study revealed the potential utility of
[34]
miR-135b for detecting adenoma . The group’s find
ings suggested that overexpression of this miRNA is
specific for colorectal neoplasia, as removal of AA and
CRC led to a significant reduction in the expression
of stool miR-135b. Furthermore, this study included
controls with inflammatory bowel disease and a lower
level of stool miR-135b was found in these controls,
giving further evidence that miR-135b upregulation
is specific for colorectal neoplasia. The initial findings
for miR-135b appear promising and some strengths
of this study include larger cohort numbers and
inclusion of IBD controls. However, some limitations
of this study were identified by the authors; the
findings of this study may not be representative of
the community screening setting due to recruitment
from limited locations and the inclusion of some
[34]
symptomatic patients . Also, the impact of attaining
a stool sample before compared to after colonoscopy
on miRNA levels was not analysed and in this study,
stool was sampled one week before colonoscopy in
all AA patients.
Researchers have investigated the discriminative
capability of both single miRNAs and panels of
miRNAs in differentiating adenoma patients from
controls. It may be more useful in clinical practice
to use panels of miRNA rather than a single miRNA
to discriminate individuals with colorectal adenomas

WJG|www.wjgnet.com

from those without, as there is doubt that a single
miRNA has high enough specificity for it to be used
[32]
alone as a biomarker of colorectal neoplasia .
The reports of specific miRNA being differentially
expressed in multiple cancers lend support to this
[27]
idea . Panels of plasma and serum miRNA have
been tested for their ability to discriminate adenomas
from controls. A panel of 8 plasma miRNAs (miR532-3p, miR-331, miR-195, miR-17, miR-1423p, miR-15b, miR-532, miR-652) yielded an AUC
of 0.868 (95%CI: 0.76-0.98), sensitivity 88% and
specificity 64% in differentiating adenoma from
[32]
controls . However, the authors pointed out that to
investigate specificity more thoroughly, individuals
with inflammatory diseases and other tumours should
have been included among their controls. A serum
miRNA panel composed of 4 miRNA (miR-19a-3p,
miR-223-3p, miR-92a-3p and miR-422a) yielded an
AUC of 0.765 (95%CI: 0.669-0.845) in differentiating
[36]
adenoma from controls .
MiR-760 had an AUC value of 0.682, sensitivity
of 69.8% and specificity of 62.1% in differentiating
[33]
AA from controls . MiR-601 had an AUC of 0.638,
sensitivity of 72.1% and specificity of 51.7% in this
same study. When both miRNA were combined, an
AUC of 0.683, sensitivity of 72.1% and specificity
of 62.1% was achieved in differentiating AA from
controls. The 2 miRNA together demonstrated an
AUC, sensitivity and specificity similar to miR-760
alone and therefore, the addition of miR-601 to
[33]
miR-760 was not considered to be useful . This
highlights the importance in analysing the individual
contribution of panel components to the discriminatory
power of the panel overall to identify those markers
which should or should not be included.
As noted in sections on specific miRNAs above,
there were inconsistences in findings between studies
for the same miRNA. Firstly, this may have been caused
because of the different type of sample used (stool,
plasma or serum). Methodologic differences in collection
procedures, specimen preparation/processing, miRNA
extraction, miRNA detection and measurement, data
acquisition, data normalisation, quantification methods
may have also contributed to different results for
studies. For example, the collection of blood samples
before or after colonoscopy may have affected results.
MiRNA levels normalised to different internal controls
could also contribute to disparities in results. The
differences in results may also be due to differences
in subject characteristics, including age, gender and
ethnicity.
One group has reported that most of the reported
circulating miRNA biomarkers for cancer are highly
expressed in blood cells and therefore, haemolysis
and variations in blood cell counts can significantly
[37]
alter miRNA levels in plasma
. Thus, altered
circulating miRNA levels discovered in cancer studies
reported to have been associated with cancer may in

7394

September 7, 2016|Volume 22|Issue 33|

Lee K et al . MicroRNA biomarkers and CRC
fact reflect blood cell effects, instead of cancer tissue
[37]
specific origin . This may suggest that miRNAs that
are not expressed in blood cells should be investigated
if attempting to identify circulating miRNAs biomarkers
[37]
that are very specific for cancer .

there is evidence that miRNAs are transported to
target cells via binding to lipoproteins such as LDL
[42]
and HDL cholesterol .
MiR-155 is carried mainly by HDL. Although
not one of the main miRNAs specifically identified
in CRC, it is well characterized as an inflammatory
[43]
[43]
regulator . Kim et al
studied the levels of miR-155
among HDL isolated from smokers and non-smokers,
following eight weeks daily consumption of high dose
Vitamin C. They reported several potentially beneficial
effects in MiR-155 expression and consequent
inflammation through an improvement of lipoprotein
parameters.
[44]
Singh et al
studied Vitamin D regulation of
miRNA across different cancer cell models, representing
non-malignant and malignant cells. They exposed
the cells to 30 min of treatment with vitamin D3
(1,25-dihydroxyvitamin D3) or 1,25(OH)2D3. Across
all cells, 111 miRNAs were significantly modulated
by the vitamin treatment, but only 5 miRNAs were
modulated in more than one cell model, and of these
only 3 miRNAs were modulated in the same direction.
An integrative network-based analysis used a publicly
available data set to study the role of 1,25(OH)2D3 in
[45]
cancer cells on levels of microRNAs . Pathway analysis
revealed 15 significantly altered pathways, including
eight somewhat general, mostly cell cycle-related
pathways, and seven cancer-specific pathways. The
authors identified a new vitamin D-microRNA network,
including six differentially expressed microRNAs (MiR29a, MiR-371-5p, MiR-1915, MiR-663, MiR-134 and
MiR-542-5p). All six were up-regulated in 1,25(OH)2D3[45]
treated cancer cells in the studies by Kutmon et al .
MiR-155 is a key regulator of Toll-like receptor (TLR)
signaling that plays a pivotal role in immune response
and through this, may also play a role in CRC. Li et
[46]
al
used a rodent model to show that 1,25(OH)2D3
modulates innate immune response by targeting the
[47]
miR-155-SOCS1 axis. Jorde et al
supplemented
human volunteers with high doses of 1,25(OH)2D3
for 12 mo. They found significant changes with miR532-3p and miR-221 from baseline to 12 mo that
was significantly different between the vitamin D and
placebo group. In colon human cancer cell models,
MiR-22 and several other miRNA species have been
[48]
identified as 1,25(OH)2D3 targets .
Vitamin E has also been shown to play a role
[49]
in miRNA regulation, at least in rat liver . These
authors fed rats for 6 mo with vitamin E-sufficient
or deficient diets, after which they estimated the
hepatic concentrations of miRNAs that had been
previously associated with this vitamin (miRNA-122a
in lipid metabolism and miRNA-125b in cancer and
inflammation). Concentrations of both these miRNAs
were decreased in conditions of vitamin E deficiency.
Minerals may also affect miRNA expression and
activity. In particular, Selenium (Se) showed effects
on the expression of a number of genes, especially

PROSPECTS FOR MODULATING THE
MICRORNAS IMPLICATED IN THESE
STUDIES
While early detection of CRC is desirable for enabling
early surgical or pharmacologic intervention, there
is also considerable interest in the question as to
whether diet or other lifestyle changes could affect
the relevant microRNAs. A summary of some relevant
dietary factors is provided in table 2, and discussed
below.
[38]
Tarallo et al
studied a panel of seven human
microRNAs in plasma and stool samples from 24
healthy individuals with differing dietary habits. Eight
of these were vegans, eight vegetarians and eight
on an omnivorous diet, and the groups had similar
age and sex distributions. They found that miR-92a
was differentially expressed in both plasma and stool
samples, and was very significantly affected by diet.
This MicroRNA was also associated with low body
mass index. Although miR-16, miR-21, mir-34a and
miR-222 showed associations with diet and lifestyle
factors, the data were not consistent between stool
and plasma.
[39]
Davidson et al
used a hypothesis-drive ap
proach to study dietary modulation of microRNA
expression. Specifically, they considered the effects
of a long chain omega-3 polyunsaturated fatty acid
(lc n-3 PUFA)-enhanced diet on the development of
carcinogen- induced CRC in a Sprague-Dawley rat
model. The animals were fed diets containing corn
oil or fish oil, and injected with the colon-specific
carcinogen, azoxymethane, or saline as negative
control. They quantified the effects of the diets
on expression of 368 different microRNAs in the
colonic mucosa. It appeared that let-7d, miR-15b,
miR-107, miR-191 and miR-324-5p were the most
strongly significantly affected by diet X carcinogen
interactions.
The fish oil-fed animals showed the smallest
number of differentially expressed miRNAs between
carcinogen and control treatments, probably because
the fish oil was protecting against carcinogeninduced inflammation. Using a mouse transplantable
[40]
tumour model, Tsoukas et al
also related protection
against tumour growth and progression associated
with microRNA dysregulation, to levels of lc n-3
PUFAs. These nutrients have also been shown to
have a beneficial effect on the modulation of MiR-21
[41]
expression in breast cancer cells . Dietary lipid
intake will also modulate serum lipoproteins, and
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Table 2 Summary of dietary regulation of microRNAs, potentially relevant to colorectal cancer
MicroRNA

Study population

Diet or nutrient

Analysis method

Findings

Specimen
type

Ref.

miR-16
miR-21
miR-34a
miR-92a
miR-106a
miR-146
miR-222
Let-7d
miR-15b
miR-107
miR-191
miR-324-5

Italian-based
8 vegans
8 vegetarians
8 omnivores

Meat, processed
meat, fish, cheese

Food frequency
and lifestyle
questionnaire

miR-92a was significantly decreased by meat
and dairy products, and associated with low
body mass index. Weaker associations found
between miR-21 levels and vegetable intake

Plasma and
stool

Tarallo et
al[38]

Sprague-Dawley Corn oil vs fish oil
rats,
in the diet
treated with saline
or the carcinogen,
azoxymethane

Effects of diets on
the expression of
368 miRNAs in the
colonic mucosa

Colonic
mucosa

Davidson et
al[39]

miR-1903
miR-467c
miR-368
miR-927c

Female athymic Corn oil vs ground Effects of the diets
nude mice, injected walnuts in the diet on the expression of
with HT-29 colon
four microRNAs in
cancer cells
the colon tumours

Colorectal
tumour
tissue

Tsoukas et
al[40]

miR-155

Young subjects (22 High dose vitamin
+ 2 yr), smokers
C daily for 8 wk
and non-smokers

miR-98
miR-92a
miR-30e
miR-140-5p
miR-138
miR-22
miR-29ab
miR-134
miR-1207-5p
miR-371-5p
miR-17
miR-20a

The five identified miRNAs were the most
strongly affected by diet X carcinogen
actions. The fish fed animals showed the
smallest number of differentially expressed
miRNAs - interpreted as due to a reduction in
inflammation
The first three of these microRNAs were
down-regulated and the latter up-regulated in
expression. These data were related to significant
increases in α-linolenic, eicosapentaenoic,
docosahexaenoic and total omega-3 acids, and
a decrease in arachidonic acid in the walnut fed
mice
miR-155 reduced in HDL fraction by 49% in
non-smokers and 75% in smokers after 8 wk
supplementation. This effect was related to a
reduction in reactive oxygen species
111 miRNAs showed changed expression levels,
but only 5 were seen affected in more than one
cell line and only 3 were changed in the same
direction

7 different
30 min treatment MiRNA microarray
Total mRNA
prostate cell
with 1a,25(OH)2D3
analyses
and miRNA
models including
from each
malignant and
cell line.
non-malignant
LNCaP
48 h treatment with
Agilent human
Four hundred and twenty genes were upIntegrative
human prostate
100 nmol/L
microRNA v3
regulated and 413 genes down-regulated in the
networkcancer cells
1,25(OH)2D3
microarrays to
1,25(OH)2D3-treated cells. The most strongly
based
compared with
measure microRNA affected are those identified in column 1 (the last analysis
non-treated control,
expression
two of these miRNAs is downregulated)
using a
cells
publicly
available
data set
RAW264.7
24 h in the
miRNA profiling by
Several miRNAs were induced by LPS and
Total mRNA
macrophage cells presence of EtOH
microarrays
suppressed by 1,25(OH)2D3, of which miR-155 and miRNA
stimulated with
or 20 nmol/L
was on the top of the list, suppressing about
from each
lipopolysaccharide
1,25(OH)2D3
50% of the LPS induction
cell line
(LPS)
SW480-ADH and
10-7 mol/L
miRNA profiling by
Although there were 12 microRNAs that
Total
HCT116 colon
1,25(OH)2D3 for 24,
microarrays
showed differential expression with and without miRNA
cancer cells
48 or 96 h
vitamin D, miR-22 showed the most consistent from each
differences
cell line
Males, generally in
High dose
Quantitative real- In 10 pilot subjects, 136 miRNAs were changed
Plasma
good health, with
vitamin D3
time PCR
in expression in one or more plasma samples
no diabetes or
(20000-40000 IU per
drawn at baseline and after 12 mo of vitamin
other concomitant
week)
D supplementation. The twelve miRNAs that
diseases
showed the greatest change in expression
in the pilots were further measured in RNA
from baseline and 12 mo plasma samples in 40
subjects given vitamin D and 37 subjects given
placebo
Fischer 344 rats
0, 12 or 24 mg/kg
Quantitative realVitamin E sufficiency resulted in increased
Liver tissue
time PCR
concentrations of miRNA-122a and miRNA125b

miR-155

miR-22

Let-7f
Let-7a
miR-151-5p
miR-22
miR-221
miR-28-5p
miR-552-3p
miR-766
miR-99b
miR-122a
miR-125b
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Expression level of
miR-155 in HDL3
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Serum
Kim et al[43]
lipoprotein
levels
Singh et
al[44]

Kutmon et
al[45]

Li et al[46]

AlvarezDíaz et al[48]

Jorde et al[47]

Gaedicke et
al[49]
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miR-625
miR-492
miR-373
miR-22,
miR-532-5p
miR-106b
miR-30b
miR-185
miR-203
miR1308
miR-28-5p
miR-10b
miR-21

CaCO2 human
colon cancer cells

Selenium-deficient
or sufficient
medium

U251 human
10, 50 or 100 umol/L
glioblastoma cells Resveratrol for 72 h

Microarray
validated with
quantitative realtime PCR

Quantitative realtime PCR

Selenium deficiency resulted in altered
expression of 12 genes

Total
MacielmiRNA
Dominguez
from
et al[50]
combined
cells of each
treatment

Resveratrol inhibited miR-21 expression which Cell extracts
in turn suppressed NF-kB activity. However,
over-expression of miR-21 could reverse the
effect of resveratrol on NF-kB activity and
apoptosis
Cells were studied either in tissue culture or as Cell extracts
a xenograft in BALB/C female athymic mice
miR-21 was up-regulated in DIM-treated MCF-7
cells, but not in the ER negative, p53 mutant
MDA-MB-468 cells

Li et al[54]

Estrogen0, 30 or 60 umol/L Quantitative realJin[55]
dependent MCF-7
time PCR
and estrogen
receptor-negative
p53 mutant MDAMB-468 human
breast cancer cells
miR-30b
HepG2 human
3-3’-DiindoylMicroarray analysis
MiR-30b was downregulated by all three
Cell extracts
ArolamiR-1224-3p hepatocarcinoma methane for 24-96 h
validated by
treatments, while treatment with GSPE or CPE
Arnal et
miR-197
cells
50 mg/L of
quantitative realupregulated miR-1224-3p, miR-197 and miRal[57]
miR-523-3
epigallocatechin
time PCR
532-3p
gallate (EGCG), 100
mg/L of grape seed
extract (GSPE) or
100 mg/L of cocoa
proanthocyanidin
extract (CPE)
miR-210
Tobacco
Purified mouse
Microarray analysis
MiR-210 had been previously found
Tumour Zhou et al[58]
(plus 13 other
carcinogenchow containing
validated by
upregulated by EGCG in in vitro experiments,
tissue, all
miRNAs
induced lung
0.4% EGCG
quantitative realbut this ranked behind the 13 most strongly
tumours
upregulated cancer in A/J mice
time PCR
upregulated miRNAs (miR-2137, miRfrom a single
and 7 down449a, miR-144, miR-486, miR-3107, miR-193,
mouse
regulated)
miR-5130, miR-2861, miR-511-3p, miR-763,
combined
miR-3473, miR-211, miR-210) or seven most
to a single
down regulated in this in vivo study
sample
miR-21

glutathione peroxidase 2 and selenophosphate
synthetase 2, through altering the profile of miRNAs
[50]
in an intestinal cell line . Following exposure of
CaCO2 cells to Se-deficient medium for 72 h, there
were alterations in the levels of twelve miRNA:
miR-10b, miR-22, miR-28-5p, miR-30b, miR-106b,
miR-185, miR-203, miR-373, miR-492, miR-5325p, miR-625 and miR-1308. In particular, silencing of
miR-185 increased GPX2 and SEPSH2 expression.
A range of polyphenols have been found to
interact with and be affected b y miRNAs. Of
particular interest to CRC may be the regulatory
[51]
effects of curcumin on miR-21 . MiR-21 has been
found to mediate a range of effects of curcumin
on cancer cells, including cell proliferation, cellular
senescence or apoptosis, metastasis and anti-cancer
drug resistance. MiR-21 was found to suppress the
anticancer activities of curcumin by targeting the
PTEN gene in human non-small cell lung cancer
[52]
A549 cells . In turn, curcumin has been shown to
decrease the levels of miR-21 through increasing
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miR-21 exosome exclusion from cancer cells, and
also through inhibiting the transcription of the
miR-21 gene by binding to its promoter. At a 20-40
mmol dose, curcumin treatment led to a significant
reduction of microRNA-21 expression, as compared
to that in untreated cells.
Resveratrol (trans-3,4’,5-trihydroxystilbene) has
been shown to induce the expression of miR-663, a
tumor-suppressor and anti-inflammatory microRNA,
[53]
while downregulating miR-155 and miR-21 .
These authors suggest that the use of resveratrol
in therapeutics may be optimised by considering
the effects of the selected dose on the expression
of miR-155 or miR-21. The authors also suggested
that the activity of resveratrol might be enhanced
by finding ways to manipulate the levels of its key
target microRNAs, such as miR-663. More generally,
resveratrol is known to play an important role in inhi
biting proliferation and inducing apoptosis of cancer
[54]
cells . These authors found a dose-dependent
decrease in cancer cell viability following resveratrol
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treatment. As well as effects on cellular signalling
pathways, resveratrol inhibited miR-21 expression,
which in turn could suppress nuclear factor-kappaB
activity. Conversely, over-expression of miR-21 was
found to inhibit the beneficial antitumour effects of
resveratrol.
3,3’-Diindolylmethane (DIM) is a cancer-preventive
phytochemical that is found in Brassica vegetables.
At least in a human breast cancer cell line, DIM was
shown to inhibit cell growth through a miR-21-mediated
[55]
mechanism . These effects were related to differential
modulation of cellular signalling pathways that led to
arrested cell-cycle progression of the human cancer
cells.
Proanthocyanidins are highly abundant and
found in a range of food plants including cinnamon,
cocoa beans, grape seed, grape skin and various
berries. They have been found to have positive
health effects on a variety of metabolic disorders
associated with inflammation, largely through their
[56]
effects on genomic stability . Arola-Arnal and
Blade studied the effects of proanthocyanidin-rich
[57]
natural extracts in modulating miRNA expression .
They used microarray analysis and Q- PCR, to study
miRNA expression in colonic HepG2 cells treated
with a grape seed proanthocyanidin extract (GSPE),
cocoa proanthocyanidin extract (CPE) or the green
tea polyphenol epigallocatechin gallate (EGCG).
They found that miR-30b was downregulated by all
three treatments, while treatment with GSPE or CPE
upregulated miR-1224-3p, miR-197 and miR-532-3p.
[58]
In other models, Zhou et al
found that EGCG
upregulated the expression of miRNAs such as
miR-210, thereby reducing cell proliferation. They
used functional genomic approaches to study the
role of miRNA in EGCG inhibition of carcinogeninduced mouse tumors. They identified changes in
the expression levels of 21 microRNAs for which they
found 26 potential targeted genes relating to cancer
inhibition.

and miRNAs are prominent among these. There
is no question but that deregulation of miRNAs
plays an important role in human carcinogenesis.
Overall, miRNAs appear to be a promising class of
biomarkers for CRC. However, further research is
needed to validate previous findings and increase
our current understanding of the identified miRNAs.
The applicability of some studies in other populations
is uncertain as many subjects were recruited from
a single ethnic group. Thus, future studies could
confirm the utility of miRNA for other ethnic groups
by recruiting subjects from multiple centres and
various populations.
Many of the studies had small sample sizes and
this may have contributed to the contradictory
findings of some of the reports. Hence, stronger
studies in the future would do well to increase
their sample sizes to determine whether certain
miRNA levels are consistently modified. As well
as determining that specific miRNA levels are
modified in patients with AA, it would also be useful
to determine how specific these changes are for
colorectal neoplasia. Future studies may also consider
whether the asymptomatic or symptomatic status
of subjects causes differences in miRNA expression
levels. Analyses of miRNA expression should be
separated for asymptomatic and symptomatic in
dividuals to examine any differences which may
exist. For most of the miRNA studies so far, controls
consist of individuals who were determined to be free
from colorectal neoplasia following a colonoscopy.
However, it is known that miRNA are dysregulated
in different cancers and other diseases. Hence, to
investigate the specificity of miRNA for colorectal
neoplasia, groups should include control individuals
with different diseases including conditions affecting
various organs to confirm the specificity of individual
miRNA transcripts. On another note on controls, it is
important to obtain comprehensive information on
the health of potential controls to confirm those in the
“healthy” control groups are indeed healthy to the
best available knowledge. Another way to confirm
the specificity of miRNA for colorectal neoplasia is to
analyse the relationship between miRNA expression
in neoplastic tissue and miRNA expression from blood
and stool samples. If there is concordant expression
between the two, it makes it more likely that the
miRNA was secreted from the colorectal neoplastic
lesion. This would be an important finding as this
would increase the specificity of this miRNA for
[20]
colorectal neoplasia . Another issue for circulating
miRNA research is the lack of consensus on precise
[27,31]
[27]
and robust internal controls
. Luo et al
chose
miR-16 as an internal control in their plasma-based
miRNA tests. There is also room for improvement
in the assay technologies used to measure miRNAs.
qRT-PCR cannot precisely quantify many miRNAs

CONCLUSION
The available studies summarised herewith begin in
2010, at a time when miRNA methodologies were
becoming increasingly more sensitive. While not
all hypothesised miRNAs have proved as useful as
initially hoped, it would seem that either individual
miRNAs or a panel of these would have very sig
nificant prognostic value and enable an intensive
lifestyle intervention to prevent what would otherwise
be the natural course of disease. The identification of
potential biomarkers that reliably detect or diagnose
early stages of CRC or evidence of CRC progression is
urgently needed.
An increasing body of evidence suggests that
epigenetic changes contribute to carcinogenesis,
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in plasma which are present in too low levels so
some miRNAs cannot be included in studies or were
included but their performance may not be accurately
[27,28]
reflected in results
. Other methods to detect
and quantify low-level miRNAs with higher sensitivity
would be desirable in future investigations. MiRNA
with initial promising results should be further studied
in larger study populations to verify reproducibility. To
validate miRNA further, the performance of selected
miRNA should be compared to the performance
of current accepted screening tools, such as fecal
occult blood tests. All promising miRNA should
undergo testing in large prospective trials if they are
to be accepted as a screening tool in routine clinical
practice.
A biomarker will be useful for screening or the
early detection of cancer only if it can be detected in
a non-invasive or minimally invasive fashion without
tissue biopsy. Increasing evidence has indicated
that miRNAs in serum, stools or other body fluids
may become important biomarkers for the detection
of early CRC. It is hoped that such miRNA markers
will be translated into clinical use in the near future,
enabling early diagnosis of CRC development and
an accurate assessment of disease progression.
Such advances would allow patients to receive early
treatment and ultimately improve survival.
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Abstract
Campylobacter jejuni (C. jejuni ), a Gram-negative
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microaerophilic bacterium, is a predominant cause
of bacterial foodborne gastroenteritis in humans
worldwide. Despite its importance as a major foodborne
pathogen, our understanding of the molecular
mechanisms underlying C. jejuni stress survival and
pathogenesis is limited. Inorganic polyphosphate (poly
P) has been shown to play significant roles in bacterial
resistance to stress and virulence in many pathogenic
bacteria. C. jejuni contains the complete repertoire of
enzymes required for poly P metabolism. Recent work in
our laboratory and others have demonstrated that poly
P controls a plethora of C. jejuni properties that impact
its ability to survive in the environment as well as to
colonize/infect mammalian hosts. This review article
summarizes the current literature on the role of poly P
in C. jejuni stress survival and virulence and discusses
on how poly P-related enzymes can be exploited for
therapeutic/prevention purposes. Additionally, the
review article identifies potential areas for future
investigation that would enhance our understanding
of the role of poly P in C. jejuni and other bacteria,
which ultimately would facilitate design of effective
therapeutic/preventive strategies to reduce not only the
burden of C. jejuni -caused foodborne infections but also
of other bacterial infections in humans.
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C. jejuni infection typically manifests as a self-limiting
acute gastroenteritis characterized by severe watery
and sometimes bloody diarrhea, fever, nausea, and
vomiting. However, in immunocompromised patients,
C. jejuni can cause a severe, life-threatening disease,
often requiring hospitalization and antibiotic treatment.
In addition to causing gastroenteritis, C. jejuni is
also associated with post-infection complications
such as Guillain-Barre syndrome, which is a rare
neuromuscular disease that is thought to occur in 1
[4]
in 1000 individuals infected with C. jejuni . Other
sequelae such as Reiter’s syndrome, inflammatory
bowel syndrome, and immunoproliferative small
intestinal disease also significantly add to the burden
[5-7]
of C. jejuni infection .
Unlike in humans, C. jejuni lives as a commensal
in the gut of a variety of domestic and wild animals
[4]
and birds . Epidemiological studies show that the
majority (50%-80%) of human infections are acquired
by consumption of contaminated poultry and poultry
products and that nearly 90% of the poultry flocks
in the United States are colonized with C. jejuni,
suggesting that controlling C. jejuni colonization in
poultry is an effective strategy to control human
[4]
infections . Rarely, contaminated raw milk, water,
and vegetables also serve as sources of human
[1,4]
infection . Although transmission through ingestion
of contaminated food and water is the major route,
person-to-person contact, as well as contact with pets
[1,4]
or their feces is not uncommon . Although C. jejuni
is a major public health concern worldwide, the genetic
determinants that contribute to its ability to survive in
different host and non-host environments, to colonize
poultry and other domestic animals, and to cause
disease in humans are relatively poorly understood.
C. jejuni is unique among the enteric bacterial
pathogens in that it lacks many classical stress
response and virulence mechanisms. More specifically,
C. jejuni lacks the stationary phase sigma factor RpoS,
the heat shock sigma factor RpoH, the cold shock
protein CspA, the oxidative stress response genes
SoxRS, OxyR, SodA and KatG, the osmoprotectants
ProU, OtsAB and BetAB, and the leucine-responsive
global regulator Lrp, which are all essential for
[8]
stress tolerance in other enteric pathogens . These
findings are consistent with the unusual sensitivity
of C. jejuni to various environmental stresses i.e., C.
jejuni is unable to grow in the presence of oxygen,
has a narrow growth temperature range, is normally
incapable of multiplication outside the host, does not
survive well on dry surfaces, cannot withstand high
temperaturature, and is more sensitive to osmotic
[8]
and low pH stresses . C. jejuni also lacks many
classical virulence mechanisms, including a type Ⅲ
secretion system and exotoxins, which play important
[9]
roles in the pathogenesis of other enteric bacteria .
Several C. jejuni strains contain type Ⅳ and type Ⅵ
secretion systems but the absence of these systems
in many pathogenic C. jejuni strains questions

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

Core tip: Recent studies show that inorganic poly
phosphate (poly P) plays several important roles in
the biology of Campylobacter jejuni (C. jejuni ), a
major cause of bacterial foodborne gastroenteritis in
humans. This review summarizes the latest findings
on the role of poly P in C. jejuni stress survival and
virulence, provides directions for future investigation,
and discusses the potential of polyphosphate kinase
enzymes as drug/vaccine targets to control C. jejuni
infections in humans.
Kumar A, Gangaiah D, Torrelles JB, Rajashekara G. Polyphosphate
and associated enzymes as global regulators of stress response
and virulence in Campylobacter jejuni. World J Gastroenterol
2016; 22(33): 7402-7414 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i33/7402.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i33.7402

INTRODUCTION
Campylobacter (Greek word “Kampylos” means
curved) species are curved to spiral-shaped, nonspore forming, Gram-negative bacteria that contain
a single flagellum at one or both ends. Most of the
Campylobacter species are microaerophilic and use a
respiratory type of metabolism; however, some species
prefer to grow anaerobically. Campylobacter species are
chemoorganotrophs - they primarily depend on amino
acids or Kreb’s cycle intermediates for energy. Based
on their optimal growth temperature, Campylobacter
species are classified into thermophilic and nonthermophilic species. The thermophilic Campylobacter
species grow optimally at 42 ℃ [Campylobacter jejuni
(C. jejuni) and Campylobacter coli (C. coli)], while
the non-thermophilic species grow optimally at the
range between 30-37 ℃ (Campylobacter fetus). The
genus Campylobacter consists of 34 species and 14
subspecies, which are human and animal pathogens
(http://www.bacterio.net/campylobacter.html, last
accessed 17 March 2016). Several of these species
cause a plethora of clinical manifestations in humans
(Table 1); however, C. jejuni and C. coli are the predo
[1]
minant species associated with human disease .
C. jejuni is one of the major causes of bacterial
foodborne diarrheal disease in the United States
[2]
and worldwide . According to Foodborne Diseases
Active Surveillance Network, Campylobacter spp.
account for 9% of total foodborne illnesses, 15% of
hospitalizations and 0.1% of deaths from foodborne
[3]
illnesses each year . In immunocompetent patients,
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Table 1 Comprehensive summary of Campylobacter infections in humans
Type
(A) Intestinal

Clinical form/presentation

Risk factors

Target site

Symptoms

Species associated

Periodontal diseases

Oral bleeding, increased
vascular permeability[70], and
pregnancy[71]?
Mucosal damage due
to stomach contents
regurgitation[1]

Oral cavity

Bleeding, tenderness, and tooth
loss

Esophagus

Heart burn, regurgitation, bloating,
bad breath, nausea, and abdominal
pain

C. rectus[70], C. gracilis,
C. showae[72] and C.
concisus[73]
C. concisus[74]

Esophageal diseases
(gastroesophageal
reflux disease, Barrett’s
esophagus, and esophageal
adenocarcinoma)
Self-limited gastroenteritis, All factors as described in
most common form
review
Post-infectious functional
Infection with C. jejuni and
gastrointestinal disorder,
other species[1]
irritable bowel syndrome,
and functional dyspepsia
Inflammatory bowel disease,
Gut dysbiosis[77]
Crohn’s diseases (CD), and
ulcerative colitis (UC)
Colorectal cancer
Gut dysbiosis[79]

(B) Extraintestinal

Jejunum and
ileum

Diarrhea, fever, and abdominal
C. jejuni and C. coli[1,75]
pain
Diarrhea, constipation or both, and C. jejuni, C. coli and C.
abdominal pain
consisus[76]

CD-any part of
Diarrhea, fever and fatigue,
intestine
abdominal pain, weight loss, and
UC- colon
reduced appetite
Colon
Diarrhea, constipation, abdominal
pain, weight loss, and rectal
bleeding
Cholecystitis
Gall stones[1]
Gall bladder
Pain and tenderness in right
abdomen, nausea, vomiting, and
fever
Guillain-Barre syndrome
C. jejuni infection[82]
Nervous system Progressive symmetric weakness
in limbs, below or lack of reflex
(hyporeflexia)
Miller Fisher syndrome
C. jejuni[83]
Nervous system
Oculo-motor weakness
Reactive arthritis
Infection with enteric
Joints, eyes, and Pain and stiffness of joints, swollen
bacterial pathogens,
genitourinary
toes, eye inflammation, and
including Campylobacter[84]
tract
urinary problems
Cardiovascular
Immuno-compromised
Cardiovascular Chest pain leading to arrhythmia,
complications
condition, and bacteremia[1]
system
dilated cardiomyopathy, and
sudden death due to congestive
heart failure
Meningitis
Immuno-compromised
Meninges of
Headache with nausea or
condition[1,87]
brain and spinal vomiting, seizures, sensitive to
cord
light, and loss of appetite
Abscesses of breast, brain, Secondary bacterial infection Breast, brain,
Varies with target organ
vertebra, and liver
vertebra, and
liver
Reproductive complication
Bowel infection, and
Uterus, and
Preterm birth, low birth weight,
periodontal disease[92]
placenta
and intra-uterine growth
restriction

C. concisus, C. showae, C.
hominis, C. rectus, and C.
ureolyticus[78]
C. showae[80]

C. jejuni[81]

C. jejuni[1,82]

C. jejuni[83]
C. jejuni and C. coli[1,84]

C. jejuni and C. fetus[85,86]

C. jejuni and C. fetus[88,89]

C. rectus[90], C. curvus, C.
gracilis and C. showae[91]
C. jejuni, C. coli, C. fetus
and C. upsaliensis[92]

Campylobacter infection types, clinical presentations, risk factors, target organ or tissues involved, symptoms and associated Campylobacter species are
described.
[10,11]

their requirement for virulence
. Nevertheless,
the increasing incidence of C. jejuni infections in
humans suggests that this organism may have
evolved alternative mechanisms for stress survival
and virulence. One such mechanism that has been
relatively well characterized by several recent studies
and plays important roles in C. jejuni survival and
virulence involves inorganic polyphosphate (poly P). In
this review, we summarize recent data on the role of
poly P and related enzymes in C. jejuni biology, with
particular focus on stress survival and virulence.

debated topic. However, there is almost a universal
agreement that phosphate has played a key role in
the origin of life on earth. Poly P is a linear polymer
of ten to hundreds of phosphate residues linked by
high-energy phosphoanhydride bonds. Poly P granules
were first seen in bacteria as “Volutin granules” or
“Metachromatic granules”, named after their tendency
[12]
to stain pink with basic blue dyes . Indeed, the
presence of metachromatic granules was used as a
diagnostic feature for pathogenic bacteria such as
Corynebacterium diptheriae. Later with the advent of
electron microscopy, these granules were identified
in nonpathogenic bacteria, which refuted the idea
of using poly P granules as a marker for pathogenic
[12]
bacteria . Recent studies have shown that poly P is
essential for numerous cellular functions in bacteria,

INORGANIC POLYPHOSPHATE
Even after the discovery of the subatomic particle
(the God particle), the origin of the universe is still a
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Figure 1 Model of poly P metabolism in Campylobacter jejuni. Phosphate esters are hydrolyzed to inorganic phosphate (Pi) by alkaline phosphatase (PhoAcj)
in the periplasm. Phosphate uptake proteins and alkaline phosphatase are directly regulated by the PhosS/PhosR two-component system. Pi is transported across
the inner membrane via the high affinity phosphate transport system PstSCAB. ATP generated from Pi is utilized for poly P synthesis by PPK1. PPK2 utilizes poly P
to generate GTP, while PPX hydrolyzes poly P back to Pi. PPX also affects conversion of (p)ppGpp to ppGpp. SpoT is a bifunctional enzyme involved in both ppGpp
synthesis as well as ppGpp hydrolysis. SpoT is also linked to poly P metabolism and a spoT mutant has reduced ability to accumulate poly P.
[13,21]

such as energy source, phosphate reservoir, cation
sequestration, buffering role against alkali, participation
in membrane transport, cell envelope formation and
function, regulator of enzyme activities, gene activity
control and development, chromatin destabilization,
DNA replication and phage production, sporulation and
germination, bacterial virulence/pathogenesis, and
[13]
regulator of stress and survival . Additionally, bacteria
capable of storing large amounts of intracellular poly P
[14]
are used in the biological treatment of wastewater .

P to inorganic phosphate
. Many bacteria contain
[22]
2 types of exopolyphosphatases , one that only
hydrolyzes poly P (hereafter referred to as PPX) and
the other that, in addition to hydrolyzing poly P, also
hydrolyzes guanosine pentaphosphate (pppGpp) to
guanosine tetraphosphate (ppGpp) (hereafter referred
[13,23]
to as PPX/GPPA)
. ppGpp is a signaling molecule
that plays an important role in bacterial stringent
[13,23]
response induced by starvation
. Of all the poly
P-metabolizing enzymes, PPX enzymes are the least
understood with regards to their role in bacterial
survival and virulence.

GENERAL ASPECTS OF POLY P
METABOLISM IN BACTERIA

POLY P METABOLISM IN C. JEJUNI

Polyphosphate kinase 1 (PPK1) is the principal enzyme
[15,16]
responsible for poly P synthesis in many bacteria
.
PPK1 is highly conserved; homologs of this enzyme
have been found in over 100 bacterial species,
including 20 major human and animal pathogens.
PPK1 is perhaps the most known of all poly P-related
enzymes for its role in bacterial survival under
[13]
conditions of stress, virulence, and host colonization .
Many bacterial species contain another enzyme,
PPK2, which preferentially mediates poly P-driven
[17,18]
generation of guanosine triphosphate (GTP)
,
a molecule known to have important roles in cell
signaling and DNA, RNA, protein, and polysaccharide
[19,20]
synthesis
. Similar to PPK1, PPK2 is also widely
conserved in bacteria, including major human
pathogens such as Mycobacterium tuberculosis,
Pseudomonas aeruginosa, and Vibrio cholerae among
[17]
others . Although relatively less studied compared
to PPK1, few recent studies have shown a role for
[18]
PPK2 in bacterial survival and virulence . The third
family of enzymes involved in poly P metabolism
includes exopolyphosphatases, which degrade poly

WJG|www.wjgnet.com

C. jejuni contains all the enzymes involved in poly P
metabolism- PPK1, PPK2, and 2 PPX/GPPA enzymes
(Figure 1). Two independent studies have evaluated
the contribution of PPK1 to poly P metabolism in
[24,25]
C. jejuni
. Using a toluidine blue O assay, both
studies demonstrated that the C. jejuni wildtype strain
accumulated more poly P in stationary phase than
in mid-log and transition phases and that deletion of
ppk1 significantly reduced poly P accumulation (Figure
[24,25]
1)
. The C. jejuni ppk1 mutant retained a modest
[24,25]
ability to synthesize poly P
; thus, the alternative
enzyme that contributes to residual poly P levels in the
ppk1 mutant remains to be identified. Using electron
microscopy, the authors further demonstrated that
the C. jejuni wildtype strain contained several poly
P-like granules and that the ppk1 mutant contained
[25]
fewer of these granules . More recently, a detailed
ultrastructure analysis of C. jejuni at 5 nm resolutions
also showed the presence of orange, poly P storage
[26]
granules in C. jejuni . Although the two studies
suggested that the observed granules are poly P
granules, additional work is required to confirm that
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Table 2 Phenotypes associated with enzymes of poly P and ppGpp metabolism
Phenotype
Poly P metabolism
Poly P synthesis/accumulation
Poly P-dependent GTP synthesis
Poly P degradation
Maintenance of ATP:GTP ratio
ppGpp metabolism
ppGpp synthesis
Stress survival
Stationary phase survival and growth
Survival under low CO2
Osmotic shock survival
Low nutrient stress survival
Aerobic stress survival
VBNC formation
Natural transformation
Antimicrobial resistance
Virulence-related
Motility
Biofilm formation
Resistance to complement-mediated killing
Adherence
Invasion
Intraepithelial survival
Chicken colonization

PPK1

PPK2

PPX1

PPX2

PPX1-PPX2

PhoAcj

SpoT

↑
NT

↑
↑

NT
↑
NT

NT
↑
NT

NT
↑
NT

↑
NT
NT
NT

↑
NT
NT
NT

NT

-

↑

-

↑

NT

↑

NT
↑
↑
↑
↑
↑

NT
↑
↑
↑
↑
NT
↑

NT
↑
↑
NT
NT
NT
NT

NT
↑
↑
NT
NT
NT
NT

NT
↑
↑
NT
NT
NT
NT

NT
↑
↑
NT
NT
NT
↓

↑
↑
NT
NT
↑
NT
NT
R

↓
NT
NT
↑
↑

↓
NT
↑
↑
↑

↑
↑
↑
NT
↑
↑
NT

↑
↑
↑
NT
↑
↑
NT

↑
↑
↑
NT
↑
↑
NT

NT
↓
NT
NT
↑
↑
↑

NT
NT
NT
↑
↑
↑
NT

NT: Not tested; R: Tested only for Rifampicin resistance; -: Phenotype absent; ↑: Phenotype is positively regulated i.e., deletion of the gene reduces the
phenotype when compared to wildtype; ↓: Phenotype is negatively regulated i.e., deletion of the gene enhances the phenotype when compared to wildtype.

these granules are indeed poly P granules.
In another study, the role of PPK2 in poly P
[27]
metabolism was investigated . The authors of this
study demonstrated that a ppk2 mutant was deficient
in poly P-dependent GTP synthesis. The authors also
showed that the ratio of ATP:GTP was altered in the
ppk2 mutant, thus suggesting that PPK2 is required
for poly P-dependent GTP synthesis as well as for
maintenance of nucleotide balance in the cell (Figure
1). GTP is a signaling molecule that modulates many
[19,20]
physiological functions in bacteria
. Unlike studies
in other bacteria, which showed that PPK2 possesses
[28]
poly P-synthetic activity , the authors demonstrated
that poly P levels were unaltered in the C. jejuni ppk2
mutant when compared to wildtype, suggesting that
PPK2 does not appear to contribute to poly P synthesis
[27]
in C. jejuni .
[29]
Malde et al
evaluated the contributions of PPX/
GPPA enzymes to poly P metabolism in C. jejuni. They
demonstrated that both ppx1/gppa and ppx2/gppa
mutants accumulated more poly P than the wildtype
strain and that the ppx1/gppa mutant accumulated
relatively more poly P than the ppx2/gppa mutant
when compared to wildtype. Based on these data,
the authors suggested that PPX1/GPPA and PPX2/
GPPA are involved in poly P degradation and that
PPX1/GPPA is probably the primary enzyme that
contributes to poly P degradation in C. jejuni (Figure
[29]
1) . However, whether PPX/GPPA enzymes possess
PPX activity needs to be further experimentally
confirmed.
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PPKS: ROLE IN C. JEJUNI SURVIVAL
AND VIRULENCE
Mutations in ppk1 and ppk2 genes have resulted in a
variety of phenotypic changes in C. jejuni. Although
the mechanisms underlying these phenotypes are
poorly understood, the phenotypes as such are
significant and relevant to C. jejuni pathogenesis.
In the following sections, we will review our latest
understanding of the role of PPKs in these phenotypes,
which are summarized in Table 2.

PPKs: Role in growth and stationary phase survival

Several studies evaluated the effect of ppk1 and ppk2
mutations on C. jejuni growth and demonstrated that
[24,25,27]
these mutations do not affect C. jejuni growth
.
In other organisms, ppk1 mutants are defective in
[30,31]
stationary phase growth and survival
. The C. jejuni
wildtype strain accumulated more poly P in stationary
phase than in mid-log and transition phases and
more genes were differentially expressed in the ppk1
mutant in stationary phase when compared to mid[24,25,32]
log phase
. However, the C. jejuni ppk1 mutant
grew and survived similar to wildtype in stationary
phase. A possible explanation for this difference is
that C. jejuni lacks RNA polymerase, sigma S (RpoS),
which regulates stationary phase survival and itself is
[8,33]
modulated by poly P in other organisms
.

PPKs: Role in stress survival and adaptation

C. jejuni encounters a number of unfavorable
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environments both in the external environment during
transmission as well as in the host during colonization/
[8]
infection . Poly P is known for its role in modulating
[13]
stress tolerance in bacteria . Two independent
[24]
[25]
studies by Candon et al
and Gangaiah et al
demonstrated that the ppk1 mutant had a reduced
ability to survive under low nutrient stress and osmotic
[27]
shock. Similarly, in another study, Gangaiah et al
showed that the ppk2 mutant, in addition to displaying
a reduced ability to survive under low nutrient stress
and osmotic shock, also had reduced ability to survive
under aerobic stress. Bacteria generally respond
to nutrient stress by eliciting a stringent response
regulated by ppGpp and/or a general stress response
regulated by RpoS. A C. jejuni bifunctional (p)ppGpp
synthase/hydrolase (spoT) mutant, which is defective
in eliciting a stringent response, was compromised
[34]
in its ability to survive under low nutrient stress .
Thus, to rule out the possible role of ppGpp in PPK1mediated nutrient stress survival phenotype, it would
be interesting to determine if ppGpp levels are altered
in the ppk1 mutant. Transcriptome analysis revealed
that, despite C. jejuni lacking RpoS, homologs of
several genes involved in general stress response
were downregulated in ppk1 and ppk2 mutants; this
might partly explain the stress survival deficiencies
[32]
in the ppk mutants . In E. coli, poly P also affects
stress tolerance by several other mechanisms- poly P
is thought to be involved in sensing minor changes at
the cell surface, serves as a source of energy during
times of stress, and regulates Lon protease, which
degrades nonessential proteins providing free amino
[13,35-38]
acids for survival during stress
. Whether such
mechanisms also play a role in poly P-mediated stress
resistance in C. jejuni is worth investigating.

however, transcriptome analysis of ppk mutants did
not appear to provide any additional insights into this
mechanism. For more information on the role of poly
P in VBNC formation in C. jejuni, refer to the review by
[39]
Kassem et al .

PPKs: Role in antimicrobial resistance and natural
transformation

C. jejuni is increasingly becoming resistant to
[41-43]
several clinically-relevant antimicrobials
. Two
recent studies demonstrated that both ppk1 and
ppk2 mutants were more susceptible to several
antimicrobials (erythromycin, cefotaxime, ciprofloxacin,
rifampin, polymyxin, and tetracycline) compared
[25,27]
to their respective wildtypes
. The stringentresponse mediator ppGpp affects bacterial resistance
[44]
to antimicrobials ; studies looking at ppGpp levels
in the ppk1 mutant would provide some insights
on this mechanism. Both ppk1 and ppk2 mutants
had altered outer membrane profiles, suggesting
that membrane permeability of these mutants
[45]
may be compromised ; where altered membrane
permeability could be the cause of increased
susceptibility of ppk mutants to antimicrobials. Stress
resistance is an emerging mechanism of antimicrobial
[44]
resistance in bacteria ; thus, the susceptibility of ppk
mutants to antimicrobials may also be explained by
their general sensitivity to other stresses. In E. coli,
poly P is known to regulate adaptive evolution and
ribosome fidelity, both of which modulate resistance to
[46]
antimicrobials . Whether these mechanisms play a
role in PPK1-mediated resistance to antimicrobials in C.
jejuni also need to be investigated.
C. jejuni is naturally competent (i.e, ability to take
up DNA from its surroundings) and this feature impacts
the organism’s ability to adapt to different environments
as well as to acquire antimicrobial resistance genes.
[25]
Gangaiah et al
showed that a ppk1 mutant was
compromised in its ability to acquire foreign DNA for
natural transformation. Poly P is a component of the
[47,48]
membrane channels that mediate DNA uptake
;
the potential of such a mechanism for PPK1 to mediate
natural competence in C. jejuni should be explored.
Evidence suggests that outer membrane composition of
[45]
the ppk1 mutant is altered ; whether this influences
the ability of C. jejuni to take up DNA is also unknown.

PPKs: Role in viable but nonculturable cell formation

C. jejuni is also capable of forming viable but
nonculturable cell (VBNC) under stressful conditions;
this phenotype is thought to provide a survival
[39,40]
advantage to C. jejuni during times of stress
.
Two recent studies showed that both ppk1 and ppk2
mutants were compromised in their ability to form
[25,27]
VBNCs after formic acid treatment
. The reduced
ability of the ppk mutants to form VBNCs could be due
to the fact that these mutants were more sensitive
to other stresses such as low nutrient stress and
osmotic shock. Poly P can serve as a source of energy
[13]
during times of stress ; this could also contribute
to the reduced ability of the ppk1 mutant to form
VBNCs. A ppk2 mutant had similar poly P levels but
was compromised in its ability to regulate nucleotide
balance; thus, whether altered nucleotide balance
is the cause of the ppk2 mutant’s reduced ability to
form VBNCs needs to be further studied. One might
also speculate that PPK enzymes, as global regulators,
might modulate VBNC formation by affecting the
expression of other genes involved in VBNC formation;
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PPKs: Role in motility and biofilm formation

Several recent studies have evaluated the role of
PPKs in virulence-associated phenotypes such as
motility, biofilm formation, adherence, invasion, and
[24,25,27,45]
intracellular survival
. Motility is an essential
[49]
C. jejuni virulence mechanism . Three independent
studies demonstrated that both PPK1 and PPK2 were
[24,25,27]
not required for C. jejuni motility
. This is in
contrast to other organisms, where PPK1 is required
[32]
for motility. Surprisingly, Chandrashekhar et al
demonstrated that several flagella-associated genes
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Table 3 Summary of chicken colonization phenotypes of ppk1 and ppk2 mutants
Study

Organ/ Inoculation dose
feces
(CFU/chick)

Candon et al[24]
2007

Ceca

Gangaiah et al[25]
2009 and 2010

Ceca

Bursa

Feces

1.5 × 105
1.5 × 106
1.5 × 107
1.0 × 103
1.0 × 104
1.0 × 105
1.0 × 103
1.0 × 104
1.0 × 105
1.0 × 103
1.0 × 104
1.0 × 105

Wildtype
(CFU/g)

ppk1 mutant (No. of chicks colonized)

ppk2 mutant (No. of chicks colonized)

1.8 × 108
1.8 × 108
1.8 × 108
1.0 × 106
1.0 × 108
8.0 × 108
1.0 × 104
1.0 × 105
1.5 × 105
1.0 × 105
1.0 × 107
3.0 × 107

0/10 chicks
8/10 chicks
10/10 chicks at an average of 1.8 × 108 CFU/g
0/5 chicks
0/5 chicks
5/5 chicks at an average of 2.0 × 104 CFU/g
0/5 chicks
0/5 chicks
5/5 chicks at an average of 1.0 × 102 CFU/g
0/5 chicks
0/5 chicks
5/5 chicks at an average of 1.5 × 103 CFU/g

NS
NS
NS
0/5 chicks
0/5 chicks
5/5 chicks at an average of 9.0 × 103 CFU/g
0/5 chicks
0/5 chicks
5/5 chicks at an average of 8.0 × 102 CFU/g
0/5 chicks
0/5 chicks
5/5 chicks at an average of 8.0 × 103 CFU/g

NS: Not studied.
[24,25,27]

and flagellar glycosylation genes were downregulated
in the ppk mutants; the authors hypothesized that the
degree of downregulation in the ppk mutants may not
have been enough to impair motility. Although motility
was not affected by PPKs in C. jejuni, the potential role
of PPKs on other phenotypes associated with flagella
such as autoagglutination, secretion, and/or invasion
needs further investigation.
Biofilms play an important role in C. jejuni tole
rance to environmental stresses, disinfectants, and
antimicrobials, as well as facilitating colonization of
[50-52]
animal and human hosts
. Two independent groups
demonstrated that the ppk1 mutant formed higher
[24,25]
amount of biofilms than the wildtype
. This finding is
in contrast to other organisms, where PPK1 is required
[13]
for biofilm formation . In another study, Gangaiah et
[27]
al demonstrated that ppk2 mutant also formed higher
[53]
amount of biofilms than its parent. Drozd et al went
onto characterize how PPK enzymes modulate biofilm
formation in C. jejuni and demonstrated that ppk1 and
ppk2 mutants formed higher adherent colonies on day
1 and 2 compared to wildtype. This study suggested
that, compared to mutant strains, the wildtype might
spend more time in planktonic phase, delaying biofilm
[53]
formation . The authors further demonstrated that
ppk1 and ppk2 mutants had reduced calcofluor white
reactivity, suggesting that polysaccharide structures
[53]
might be altered in the mutant strains . The quorum
sensing molecule Autoinducer-2, which is required for
[53]
biofilm formation, was increased in both mutants .
Finally, the authors evaluated the mutants for altered
expression of genes involved in biofilm formation and
found that several genes (pglH, kpsM, cj0688, neuB1,
neuB1, fliS, and maf5) involved in biofilm formation
[53]
were altered in ppk1 and ppk2 mutants .

within INT-407 human intestinal epithelial cells
.
[45]
Pina-Mimbela et al
showed that ppk1 and ppk2
mutants had qualitative and quantitative differences in
outer membrane composition compared to wildtype.
They also demonstrated that the differences in outer
membrane composition in the mutants were directly
related to the ability of C. jejuni to invade and survive
[45]
within INT-407 cells . The authors of this study went
one step further to evaluate which fractions were
[45]
associated with invasion and intracellular survival .
They found that outer membrane proteins were
uniquely associated with invasion, whereas outer
membrane proteins, lipids, and lipoglycans all were
[45]
associated with intracellular survival .

PPKs: Role in chicken colonization

Two independent studies evaluated the role of PPK1 in
[24,25]
C. jejuni colonization in day-old chicks (Table 3)
.
[24]
Candon et al
demonstrated that, after 7 days of
oral inoculation, the wildtype colonized the ceca of
8
chicks at a minimum average of 1.79 × 10 CFU/g
of cecal contents at all inoculation doses examined.
The ppk1 mutant colonized the ceca of all chicks at
a rate similar to that of wildtype at a dosage of 1.5
7
× 10 CFU/chick, of 8 out of 10 chicks at a dosage
6
of 1.5 × 10 CFU/chick, and of 0 out of 10 chicks
5
[24]
at a dosage of 1.5 × 10 CFU/chick . In another
[25]
study, Gangaiah et al
evaluated the role of PPK1
in colonization of ceca and bursa as well as C. jejuni
3
4
load in feces using low inoculation doses i.e., 10 , 10 ,
5
and 10 CFU/chick. They demonstrated that, after 8
d of oral inoculation, the ppk1 mutant colonized the
ceca and bursa and showed a C. jejuni load in feces
of all chicks but at a significantly lower rate than the
5
[25]
wildtype at a dosage of 10 CFU/chick . While the
8
wildtype colonized to an average of about 1.0 × 10
5
CFU/g of ceca and about 1.0 × 10 CFU/g of bursa,
7
and showed a C. jejuni load of about 1.0 × 10 CFU/
g of feces, none of the chicks were colonized with
4
[25]
the mutant strain at a dosage of 10 CFU/chick .
Similarly, while the wildtype colonized to an average
6
of about 1.0 × 10 CFU/g of ceca and about 1.0 ×

PPKs: Role in adherence, invasion and intracellular
survival

Adherence, invasion, and intracellular survival are
[54]
also essential virulence mechanisms for C. jejuni .
Recent studies demonstrated that both PPK1 and PPK2
are important for invasion and intracellular survival
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4

10 CFU/g of bursa, and showed a C. jejuni load of
5
about 1.0 × 10 CFU/g of feces, none of the chicks
were colonized with the mutant strain at a dosage of
3
[25]
5
10 CFU/chick . Except for 10 CFU/chick, the two
studies used different dosages for inoculation. Both
studies were done in the same strain background;
thus, the reason for the difference in the results
between the two studies is unclear.
[27]
Furthermore, Gangaiah et al
evaluated the role
of PPK2 in colonization of ceca and bursa as well in C.
3
4
5
jejuni load in feces using 10 , 10 , and 10 CFU/chick
inoculation doses (Table 3). They demonstrated that,
5
at 10 CFU/chick inoculation dose, the ppk2 mutant
colonized the ceca and bursa as well as showed a C.
jejuni load in feces of all chicks but at a significantly
[27]
lower rate than the wildtype . While the wildtype
8
colonized to an average of about 1.0 × 10 CFU/g of
5
ceca and about 1.0 × 10 CFU/g of bursa, and showed
7
a C. jejuni load of about 1.0 × 10 CFU/g of feces,
none of the chicks were colonized with the mutant
4
strain at a dosage of 10 CFU/chick, except for 1
[27]
chick . Similarly, while the wildtype colonized to an
6
average of about 4.0 × 10 CFU/g of ceca and about
4
1.0 × 10 CFU/g of bursa, and showed a C. jejuni load
5
of about 1.0 × 10 CFU/g of feces, none of the chicks
were colonized with the mutant strain at a dosage of
3
[27]
10 CFU/chick .
It is intriguing that both ppk1 and ppk2 mutants
behave similar with respect to chicken colonization.
Several C. jejuni genes have been identified to be
[55]
important for chicken colonization ; transcriptome
and outer membrane proteome analyses showed that
these genes did not appear to be regulated by PPK1
[32,45]
and PPK2
. Thus, the mechanisms underlying
the contribution of poly P to chicken colonization are
unclear. Both ppk1 and ppk2 mutants showed dose[24,25,27]
dependent colonization defects in day-old chicks
.
The authors hypothesized that the dose-dependency
may be related to the hyperbiofilm phenotype of ppk1
[24,25,27]
and ppk2 mutants
. According to this hypothesis,
at lower inoculation doses, the ppk mutants are
more sensitive to in vivo stresses and thus, display
no or reduced colonization. At higher doses, the ppk
mutants form hyperbiofilms, conferring resistance to
in vivo stresses and thus, similar colonization of the
mutants as that of wildtype. Additional in vivo studies
complementing the mutants to rule out the effect of
secondary mutations on colonization are warranted.

the mutants could be complemented by amino acid
supplementation. Based on these findings, it was
hypothesized that the nutrient survival phenotype
in the mutants is likely due to reduced ppGpp or
increased poly P levels. Both ppx/gppa mutants had
increased poly P levels; however, only ppx1/gppa
mutant had reduced ppGpp levels when compared
to wildtype but not ppx2/gppa mutant, which indeed
[29]
accumulated more ppGpp than the wildtype . This
suggests that the nutrient survival defect in the
mutants is more likely due to increased poly P levels
rather than due to reduced ppGpp levels.
[29]
Further, Malde et al
also demonstrated that
ppx/gppa mutants were compromised in several
virulence-associated phenotypes such as motility,
biofilm formation, and invasion and intracellular
survival within human intestinal epithelial cells. Unlike
ppk1 and ppk2 mutants, which had similar motility as
the wildtype, the ppx/gppa mutants were defective in
motility compared to wildtype. The ppx/gppa mutants
also had decreased ability to form biofilms. Poly P is
[13]
essential for chelation of cations , which are required
[56]
for biofilm formation ; whether such a mechanism is
the cause of reduced biofilms in ppx/gppa mutants is
an interesting question. The group further went on to
test the contributions of PPX/GPPA enzymes to serum
resistance and demonstrated that ppx/gppa mutants
were resistant to human complement but not to
chicken complement.
Although the contributions of PPX/GPPA enzymes
to C. jejuni biology is well characterized at the
phenotypic level using in vitro assays, it remains to be
understood if these contributions impact colonization
of C. jejuni in day-old chicks and infection in humans.
The mechanisms underlying the PPX/GPPA-associated
phenotypes are also largely unknown; a transcriptome
analysis of the ppx mutants would provide some
insights on this aspect. In other bacteria, it has been
shown that excess poly P in the ppx mutants restricts
growth and downregulates metabolism, which is
[57]
thought to have caused the underlying phenotypes .
The C. jejuni ppx/gppa mutants grew very similar to
the wildtype strain, yet were compromised in several
phenotypes (i.e., motility, biofilm formation, nutrient
stress survival, invasion and intracellular survival, and
resistance to human complement-mediated killing),
suggesting that growth restriction and metabolic
downshift are less likely the reasons for PPX-dependent
phenotypes in C. jejuni. Phenotypes associated with
excess of poly P were modest compared to those
associated with poly P deficiency, suggesting that lack
of poly P impacts C. jejuni biology more than excess of
poly P. It is also intriguing to note that the phenotypes
of the double mutant lacking both ppx1/gppa and
ppx2/gppa genes were more severe compared to
those of the individual mutants, suggesting some
degree of functional redundancy in these enzymes;
the reason behind this functional redundancy is
unclear. Overall, findings from the analysis of ppx/

PPX/GPPA ENZYMES: ROLE IN C. JEJUNI
SURVIVAL AND VIRULENCE
[29]

Malde et al
demonstrated that mutations in
ppx/gppa genes were associated with a variety of
phenotypes in C. jejuni. In this study, it was shown
that ppx/gppa mutants were deficient in survival under
nutrient limitation and osmotic stress. The authors
further showed that the nutrient survival defect in
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gppa mutants suggest that poly P levels are tightly
regulated and that dysregulation of poly P levels as
seen in the ppx/gppa mutants compromises C. jejuni’s
survival and virulence properties.

likely due to the fact that phoAcj mutant only had a
modest defect in poly P accumulation compared to the
ppk1 mutant, which had a severe deficiency in poly
[63]
P accumulation . Unlike ppk1 mutant, the phoAcj
mutant had enhanced resistance to antimicrobials,
suggesting that this phenotype is less likely due to poly
[63]
P deficiency .

LINK BETWEEN POLY P AND (P)PPGPP
METABOLISM IN C. JEJUNI
[29]

Malde et al assessed the role of PPX/GPPA enzymes
in ppGpp synthesis and demonstrated that PPX1/GPPA
but not PPX2/GPPA is important for ppGpp synthesis.
[24]
In another study, Candon et al
demonstrated that
a spoT mutant, which is deficient in ppGpp synthesis,
had significantly reduced poly P levels than its parent.
These findings suggest that (p)ppGpp and poly P
metabolism are linked in C. jejuni (Figure 1). Both,
(p)ppGpp and poly P metabolism are known to be
linked in E. coli; in this organism, ppGpp is known to
[58,59]
modulate poly P levels by inhibiting PPX enzymes
.
Analogous to E. coli, the authors speculated that
(p)ppGpp might modulate poly P levels in C. jejuni by
inhibiting PPX enzymes, which would not only affect
the dynamic balance between poly P degradation by
PPX enzymes but also affects poly P synthesis by PPK1.
However, this hypothesis remains to be experimentally
confirmed. In Pseudomonas aeruginosa, PPK2 affects
(p)ppGpp accumulation; this role of PPK2 is attributed
to its ability to serve as a source of GTP, which is a
[60]
precursor for (p)ppGpp synthesis . However, a C.
jejuni ppk2 mutant accumulated similar (p)ppGpp
levels to that of wildtype, suggesting that PPK2 is
less likely the link between poly P and (p)ppGpp
metabolism in C. jejuni. Although PPK1 does not
appear to have ppGpp synthetic/hydrolytic activity,
it remains to be understood if (p)ppGpp levels are
altered in the ppk1 mutant.

PHENOTYPIC OVERLAP BETWEEN POLY
P AND RELATED ENZYMES
Several phenotypes of PPK1, PPK2, PPX/GPPA, SpoT,
and PhoAcj enzymes overlap between each other
[24,25,27,29,34,63,64]
as shown in Table 2
. For example,
osmotic shock survival and low nutrient stress survival
phenotypes were common to PPK1, PPK2, PPX/
GPPA, and PhoAcj enzymes. Similarly, intraepithelial
survival phenotype was common to all enzymes and,
except for PPK1, invasion was also common to all
the enzymes. There are two possible explanations
for this overlap; the enzymes likely affect the shared
phenotypes independently, or the enzymes might
impact the phenotypes through a common protein or
molecule. As PPK2 is required for poly P-dependent
GTP synthesis, it is conceivable that poly P deficiency
[25,27]
in the ppk1 mutant likely also affects GTP levels
.
Thus, the phenotypic overlap between PPK1 and
PPK2 may be the consequence of low GTP levels in
these mutants. Both spoT and phoAcj mutants had
[34,63]
low poly P levels
; thus, the phenotypic overlap
between PPK1, PhoAcj, and SpoT may be due to
low poly P in these mutants. The ability to form
[24,25]
biofilms was upregulated in the ppk1 mutant
,
which has low poly P levels, and downregulated in
[29]
ppx/gppa mutants , which have high poly P levels;
this suggests that the biofilm phenotype is directly
associated with poly P. This is further supported by
the fact that spoT mutant, which has low poly P, also
[34]
formed more biofilms than its parent . However,
the ppk2 mutant, which has similar poly P levels as
its parent, also formed more biofilms compared to
[27]
its parent ; suggesting that the effect of PPK2 on
biofilm formation is independent of poly P. Further
studies are required to precisely define phenotypic
overlap between poly P and related enzymes. For
example, if the biofilm phenotype of the spoT mutant
is due to low poly P levels, supplementation with
poly P might rescue the biofilm phenotype in this
mutant. Similarly, if the phenotypic overlap between
ppk1 and ppk2 mutants is due to altered GTP levels,
supplementation with GTP might rescue the associated
phenotypes in the ppk1 mutant. Strains containing
mutations in multiple of these enzymes accompanied
by complementation may also provide insights as
to whether these enzymes have a synergistic or
antagonistic effect on the overlapping phenotypes.

POLY P AND PHOSPHATE METABOLISM
Inorganic phosphate (Pi) is an essential nutrient
for many bacterial species. As most natural
environments are limiting in Pi, phosphate esters are
[61]
the preferred source of Pi for bacteria . Phosphate
esters are broken down into Pi in the periplasm by
alkaline phosphatase. PhoAcj is the only alkaline
[62]
[53]
phosphatase in C. jejuni . Drozd et al
recently
demonstrated that a phoAcj mutant had significantly
reduced intracellular poly P levels compared to its
parent, suggesting that PhoAcj is likely the primary
[53,63]
source of Pi for poly P synthesis
. The authors
also demonstrated that the phoAcj mutant had a
significantly reduced ability to survive under nutrient
stress, to invade and survive within INT407 cells
[63]
and to colonize day-old chicks . The phenotypes
in the phoAcj mutant were in general less severe
when compared to those in the ppk1 mutant. This is
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which not only impact how C. jejuni survives in the
environment under different stress conditions but also
impact how this organism colonizes poultry and other
domestic animals and causes disease in humans.
Transcriptome and outer membrane proteomics
analyses of the ppk1 and ppk2 mutants have provided
some valuable mechanistic insights with regards
to poly P-associated phenotypes. Nevertheless,
our understanding of poly P in C. jejuni is still in its
first steps. For example, the signals that activate
poly P-mediated response are largely unknown.
Most bacteria, including C. jejuni, contain two PPX
enzymes; the reason behind this redundancy is an
open question. Although transcriptome and outer
membrane proteomic studies have yielded valuable
insights into poly P functions, the few genes or
proteins differentially expressed in the ppk mutants
compared to wildtype do not seem to explain the
plethora of phenotypes arising from mutants of poly
P-associated enzymes. This suggests that poly P may
also mediate its functions by affecting its targets
posttranscriptionally; global proteomic analyses of
the ppk1 and ppk2 mutants will likely shed some
light on this aspect. It is also not known how poly P
is regulated; in other words, what are the upstream
components that feed into poly P-mediated response?
How poly P feeds into the global regulatory network
also remains to be understood. Poly P and ppGpp are
linked in C. jejuni and other bacteria but the precise
mechanisms underlying their interaction are poorly
understood.
Given that poly P-related enzymes affect numerous
aspects of C. jejuni life, these enzymes have the
potential to be promising drug and vaccine targets.
Therefore, it would be worthwhile to determine the
contributions of poly P-related enzymes in a human
[34]
model of Campylobacter infection. Gaynor et al
demonstrated that ppk1 was upregulated during C.
jejuni infection of human intestinal epithelial cells.
Thus, studies defining at which stage of human
infection and chicken colonization the poly P-mediated
response is activated would provide additional insights
into its role in C. jejuni pathogenesis/colonization.
The recent finding that Poly P enzymes modulate IL-8
production in INT-407 cells suggests that host immune
response to the mutant strains may be critical to
[45]
study . Such studies could facilitate development of
ppk mutants alone or in combination with mutations
in other established virulence genes as live attenuated
vaccines for reducing C. jejuni colonization in poultry
and one day for controlling human infections.

PPKS AS PROMISING DRUG AND
VACCINE TARGETS
PPK enzymes have the potential to be ideal drug
targets for controlling C. jejuni and other bacterial
infections. First, these enzymes are highly conserved
[13]
across a broad array of bacterial species ; thus, the
identified drugs will be effective against many bacterial
species. Second, homologs of PPKs are absent in
[13]
higher eukaryotes ; thus, it is less likely that the
drugs will be toxic to host cells. Third, a recent study
[45]
by Pina-Mimbela et al
showed that PPKs modulate
outer membrane composition of C. jejuni; thus, antiPPK drugs could expose surface antigens, which are
otherwise hidden, and make C. jejuni vulnerable
to host defense mechanisms. Fourth, deletion of
ppk1 and ppk2 does not affect growth of bacteria in
[24,25,27]
vitro
; thus, there is less selection pressure on
the bacteria to develop resistance to anti-PPK drugs.
Lastly, ppk mutants are more sensitive to several
[24,25,27]
conventional antibiotics
; thus, anti-PPK drugs
could be used in conjunction with existing antibiotics
for drug-resistant strains.
Mutants of poly P enzymes could also be sought as
potential live attenuated vaccine candidates. Strains
with deleted virulence genes have been successfully
used for controlling Salmonella colonization in
[65,66]
poultry
. To have a synergistic effect on virulence/
colonization attenuation, mutants containing deletions
in ppk genes and other established virulence
determinants could be used. As discussed before,
using ppk mutants as live attenuated vaccine can
didates not only has the advantage of the strain being
attenuated for colonization but also could expose
previously hidden antigens, likely inducing a strong
protective immunity.
Epidemiological studies have shown that nearly
50%-80% of the human infections originate from
[4]
ingestion of poultry and poultry products . Both PPK1
and PPK2 are necessary for C. jejuni colonization
[4,24,25,27]
in chickens
. These data suggest that PPKs
could at least be targeted for controlling C. jejuni
colonization in chickens, which likely would aid in
reducing human infections. A human challenge
model is available to study campylobacteriosis using
the C. jejuni strain CG8421, which lacks ganglioside
mimicry, a mechanism known to cause Guillain Barre
[67-69]
Syndrome
. The potential of using PPKs as drug
and vaccine targets for human infections warrants
that the contributions of these enzymes to human
infection be studied using the human challenge model
of campylobacteriosis.
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Human papillomavirus and gastrointestinal cancer:
A review
Dania Bucchi, Fabrizio Stracci, Nicola Buonora, Giuseppe Masanotti

Abstract

Dania Bucchi, Department of Experimental Medicine, School of
Specialization in Hygiene and Preventive Medicine, University
of Perugia, 06126 Perugia, Umbria, Italy

Human papillomavirus (HPV) is one of the most
common sexually transmitted infections worldwide.
Exposure to HPV is very common, and an estimated
65%-100% of sexually active adults are exposed to
HPV in their lifetime. The majority of HPV infections are
asymptomatic, but there is a 10% chance that individuals
will develop a persistent infection and have an increased
risk of developing a carcinoma. The International Agency
for Research on Cancer has found that the following
cancer sites have a strong causal relationship with HPV:
cervix uteri, penis, vulva, vagina, anus and oropharynx,
including the base of the tongue and the tonsils.
However, studies of the aetiological role of HPV in
colorectal and esophageal malignancies have conflicting
results. The aim of this review was to organize recent
evidence and issues about the association between HPV
infection and gastrointestinal tumours with a focus on
esophageal, colorectal and anal cancers. The ultimate
goal was to highlight possible implications for prognosis
and prevention.
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Core tip: Human papillomavirus is one of the major
causes of infection-related cancer worldwide. Studies
on the aetiological role of human papillomavirus
(HPV) in colorectal and esophageal malignancies have
yielded conflicting results. HPV status has emerged as
a possible predictor of treatment response and longterm oncological outcomes for cancer sites where
HPV-related and non-related cancers co-exist. Human
papillomavirus vaccination is the key to improving HPVrelated disease control, and universal vaccination could
achieve optimal health benefits.
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Table 1 Human papillomavirus classification
HPV group

INTRODUCTION

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59
68
26, 53, 66, 67, 67, 70, 73, 82
6, 11, 40, 42, 43, 44, 54, 61, 72, 81, 89

HPV: Human papillomaviruse.

Human papillomaviruses (HPVs) are a large family of
small double-stranded DNA viruses with established
oncogenic potential, and they are recognized as a
major cause of infection-related cancer worldwide
(along with Helicobacter pylori and hepatitis viruses
B and C). The International Agency for Research on
Cancer (IARC) has found evidence of strong causal
relationships between HPV and the following cancer
sites: cervix uteri (ICD10-C53), penis (C60), vulva
(C51), vagina (C52), anus (C21) and oropharynx,
including the base of the tongue and the tonsils
[1]
(C01, C09, C10) . Recent estimates have attributed
approximately 4.8% (610000 cases) of all cancers
[2]
worldwide to HPV infection . HPV could be responsible
for some other cancers, including cancer of the
esophagus, lip and oral cavity, but a causal role for
[3]
HPV has not been established . Therefore, the figures
reported above could underestimate the burden of
cancer attributable to HPV.
Because the relationship of HPV infection and
gastrointestinal carcinogenesis has implications for
patient care and cancer prevention, we aimed to
provide a review of the recent evidence in the field
with a focus on gastrointestinal cancers.

[10]

“possibly” carcinogenic . HPV16 has been classified
as “high risk” and is also the most prevalent hrHPV
type in many regions of the world, followed by
HPV18. Non-malignant diseases, such as genital
warts, recurrent respiratory papillomatosis and oral
papillomas, are attributable to low-risk HPV types,
[11-16]
particularly HPV6 and 11
.
The HPV genome is organized into distinct control
regions. The early region codes for viral non-structural
proteins called E1, E2, E4, E5, E6 and E7. The late
region codes for two capsid proteins for virion assembly
[17]
called L1 and L2 .
HPV gene expression and the viral life cycle are
tightly controlled by epithelial cell differentiation. The
natural history of a high-risk HPV infection involves virus
penetration in the basal layer through micro-abrasion
and subsequent viral genome replication in basal
epithelial cells when the virus is in its episomal form.
The progression of a persistent infection is associated
with HPV DNA integration into the host genome, and
this step has been identified as critical for cancer
promotion because it leads to the up-regulation of viral
[18-20]
onco-protein expression, especially E6 and E7
.
The E6 and E7 proteins contribute to genetic instability
through their inactivation of p53 and retinoblastoma
protein (pRb). pRb is a negative regulator of the
INK4a
cyclin-dependent kinase inhibitor p16
(p16),
and inactivation of pRb leads to up-regulation of
[21-23]
p16
. p16 is often used as a surrogate biomarker
of HPV oncoprotein activity. Over 90% of HPVpositive oropharyngeal cancers overexpress p16, and
immunohistochemical evidence of p16 overexpression
has been widely used as a correlate for HPV oncogenic
[24-26]
activity in cervical cancer and dysplasia
.
HPV infection causes cervical cancer and its pre
cursor lesions at the squamocolumnar junction cells
near the transformation zone. These cells appear to
be multipotent residual embryonic cells, and an almost
identical population was discovered at the gastroesophageal squamocolumnar junction that was linked
[27]
to Barrett’s metaplasia . The anorectal junction is
presumably another squamocolumnar junction similar
to the cervix, but comparative microanatomy of the
anal and cervical transition zones showed distinct
[28]
topographical differences . This observation supports
the discrepancy in the incidence of cervical and anal
carcinoma. Indeed, although HPV DNA was detected
at least as frequently in the anus as in the cervix, the

HPV BIOLOGY AND ONCOGENESIS
HPV is a non-enveloped double-stranded DNA virus
that infects basal keratinocytes in the skin or mucosal
membranes.
HPV infection is almost exclusively acquired from
sexual contact. The number of lifetime partners, early
onset of sexually activity and co-infection with other
sexually transmitted infection, including HIV, have
[4-7]
been correlated with risk of HPV infection .
Exposure to HPV is very common, and an esti
mated 65%-100% of sexually active adults are
exposed to HPV at any anatomic site (oral, genital or
anal) in their lifetime. The majority of HPV infections
are asymptomatic, and 90% of persons exposed to
HPV will clear the virus; the other 10% will have a
persistent infection with an increased risk of developing
[8,9]
carcinoma .
HPV types are classified into “high-risk” and “lowrisk” groups based on their oncogenesis potential
(Table 1). High-risk HPV (hrHPV) types have the ability
to cause human cancer. Currently, twelve types are
designated by the IARC as carcinogenic, and eight
additional types are designated as “probably” or
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High-risk types
Carcinogenic
Probably carcinogenic
Possibly carcinogenic
Low-risk types
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Table 2 Comparison of human papillomavirus detection methods
Methods
Southern blotting assay
ISH

Specimens

Advantages

Disadvantages

Fresh/frozen samples

High specificity, ability to differentiate
between episomal and integrated DNA
High specificity, ability to differentiate
between episomal and integrated DNA
High sensitivity, cost effective

Not easily applied to FFPE samples

FFPE, fresh samples

HPV PCR

Fresh/frozen samples brushing
washing any body fluid

Real-time PCR

Fresh/frozen samples, FFPE
brushing washing any body fluid

Reverse Transcriptase PCR
p16 immunostaining

Fresh/frozen samples, FFPE
Fresh/frozen samples FFPE
brushing washing

Signal amplification
methods

Fresh/frozen samples FFPE
brushing washing

High sensitivity and specificity, ability
to differentiate between episomal and
integrated DNA
High sensitivity
High sensitivity, easy and accessible
to most laboratories, marker of
transcriptionally active virus
Easy to perform

Low sensitivity, technically difficult
Low specificity, provides no quantitative
measure of viral load, no confirmation of
transcriptionally active virus
Labour-intensive

Time consuming, technically difficult
Low specificity

False positive products, no typing

FFPE: Formalin-fixed, paraffin-embedded tissues; HPV: Human papillomaviruse; PCR: Polymerase chain reaction; ISH: In situ hybridization.

[3]

cervical/anal cancer ratio is approximately 17:1 .
However, HPV infection alone is not sufficient to
determine the carcinogenic potential of the lesion, and
other cofactors are likely involved, including immune
deficiency and host genetic factors. This prediction
was confirmed indirectly by the fact that the majority
of low-grade squamous intraepithelial lesions do not
[1,29-34]
progress to high-grade lesions or carcinoma
.

of HPV infection in tissue and exfoliated cell samples
(Table 2). Despite the large number of studies, there is
still controversy as to which method or combination of
methods is best suited for HPV identification. Common
methods include HPV detection by polymerase chain
reaction (PCR), in situ hybridization (ISH) and the
detection of p16 with immunohistochemistry (IHC).
The initial methods of HPV detection included
radiolabelled nucleic acid hybridization assays, such as
Southern blots and ISH. These methodologies generated
high-quality information, but the disadvantages of these
direct-probe approaches included low sensitivity, the
need for relatively large amounts of purified DNA and
[35]
time-consuming procedures . Mainstay HPV diagnostic
methods involve signal amplification and PCR-based
technologies. The PCR-based techniques are highly
[36,37]
sensitive, specific and widely used
.
Several studies have also suggested that immu
nohistochemical detection of p16 overexpression may
serve as a surrogate marker of functionally relevant
[24-26]
HPV infection
. It is a simple, fast and inexpensive
procedure.

HPV-related cancers in immunosuppressed patients

The incidence of HPV-related cancers is high in
immunocompromised patients. HIV-infected patients
show an increased risk of known HPV-related cancers,
such as cervical and anal cancer. Moreover, the
incidence of other possibly HPV-related cancers is
[30]
increased in HIV-infected patients .
Lifestyle and risk factors other than immune
deficiency could be responsible for the heightened
[31]
risk of several cancers in HIV patients . However,
a similar pattern of incidence of HPV-related cancers
[32,33]
emerged from studies of transplant patients
.
Transplant patients have generally different lifestyle
exposures than HIV patients, but both groups have
immune deficiency. Therefore, the immune deficiency
is likely responsible for cancer progression and the high
incidence of HPV-related cancers in HIV and transplant
patients.
The risks of cancer of the penis, vulva, vagina,
oral cavity, pharynx, esophagus , larynx and lip are
increased in both transplant and HIV patients. The
colorectal cancer risk is increased in transplant patients
only.

HPV AND ESOPHAGEAL CANCER
Esophageal cancer (EC) is the eighth most prevalent
malignant tumour and the sixth leading cause of cancer
mortality worldwide, with approximately 500000 new
cases diagnosed and an estimated 406000 deaths
[38]
each year . As reported above, the risk of esopha
geal cancer is increased in both HIV and transplant
[32]
patients .
The most common tumour type of esophageal
cancer is squamous cell carcinoma (ESCC), followed
by adenocarcinoma (EAC); there are significant epi
demiological and aetiological differences between them.
ESCC, which is more prevalent in Eastern countries and
in developing countries, is the predominant subtype.

HPV detection methods

Because HPV cannot be grown in conventional cell
cultures, virus identification relies on molecular biology
techniques.
Several methodologies are available for the detection
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EAC, which is associated with Barrett’s esophagus,
is less common, but its incidence has been rising by
5%-10% each year, particularly in developed (Western)
[39]
countries . Incidence rates of esophageal cancer vary
greatly by geographic region. The highest ESCC rates
occur in the “Asian Esophageal Cancer Belt”, which
extends from northern Iran east to China and north into
Russia. The aetiology of EC remains poorly understood.
A multifactorial aetiology may account for the great
variability of EC incidence among different ethnic groups
[38,40]
and geographic regions
. Epidemiological studies
suggest that tobacco smoking, heavy alcohol drinking,
[2,41]
micronutrient deficiency
and dietary carcinogen
exposure may cause ESCC. Gastroesophageal reflux
(GER) and Barrett’s esophagus (BE) are the most
[42,43]
important known risk factors for EAC
.

oropharyngeal SCC and the histologic similarities
between the oral squamous epithelium and upper
esophagus could suggest a similar association. A wide
range of studies on this topic have been conducted
in various countries, including China, Korea, Iran,
[60-62]
India, the United States and Australia
. HPV16
and HPV18 are the most frequently detected types in
HPV-associated cancers, and they are thought to be
related to 70% of all cervical cancer cases. Yong et
[45]
al described a significant association between HPV16
and ESCC but not HPV18. In this meta-analysis, they
reported an overall HPV16 prevalence rate of 11.7%
vs 1.8% for HPV18. They also calculated separate ORs
for HPV16 (OR = 3.55) and HPV18 (OR = 1.25), and
HPV16 was the most frequently observed subtype in
ESCC. This outcome agreed with other systematic
reviews that showed HPV16 was the most commonly
identified strain in HPV-ESCC infections using multiple
methods. To date, however, studies examining the
potential aetiological role of HPV infection in ESCC
have been inconclusive.
Several studies of HPV infection in ESCC have shown
little to no agreement between p16 overexpression and
HPV-positivity. A recent systematic review suggested
that p16 is not a reliable marker of HPV status in
ESCC because the odds ratio of HPV-positivity in a
p16-overexpressing ESCC lesion was 1.07 (95%CI:
[63]
0.70-1.62) . Recent meta-analyses have not
evaluated p16 overexpression to characterize the
potential aetiological role of HPV infection in ESCC.
Studies examining both p16 overexpression and
HPV positivity in ESCC have reported a low rate of
double-positive ESCC lesions, approximately 5% of all
[64-71]
cases
. The available data are markedly different
from oropharyngeal and cervical cancer data, and the
association between p16 and HPV in ESCC therefore
remains limited. Collectively, p16-overexpression
and HPV serological data appear to indicate that,
despite the reported rates of HPV infection in ESCC,
HPV may not play a significant oncogenic role in
ESCC. Nevertheless, a lack of correlation between
p16-overexpression and HPV oncoactivity in ESCC
[72]
would be unusual . This result was complicated
by the geographic variation discussed previously
because regions with the highest rates of ESCC also
had the highest rates of HPV prevalence and HPVESCC infection. The geographic correlation between
HPV and ESCC may suggest a causal link. However,
this correlation must be considered with caution
because studies from the same geographic areas
report tremendous variability in HPV-ESCC infection
[66,73]
rates
.
Therefore, the role of HPV in ESCC remains poorly
defined. Geographic variability and methodological
heterogeneity complicate the interpretation of
current studies and lead to variable conclusions.
HPV prevalence correlates strongly with high-ESCCincidence regions, but in Western countries, such as

HPV and ESCC

The role of infection in the development of EC has
long been suspected, and recent meta-analyses
have assessed the incidence and aetiological role of
HPV-ESCC tumour infection. Although HPV has been
widely studied, the overall rate of HPV infection in
ESCC remains controversial, and many studies have
attempted to address this question. According to
recent meta-analyses and reviews, worldwide HPV[44-46]
ESCC infection rates range from 11.7% to 38.9%
.
[47]
Syrjänen et al
reported that the mean prevalence
of HPV was 29.0% and ranged from 0% to 78%.
Geographic origin was the strongest determinant for
the observed disparities in infection rates. While lowincidence countries (e.g., Australia and the United
States) reported ESCC rates of approximately 2.5 per
100,000 people, the high-incidence countries, such as
China and Iran, had rates as high as 250 per 100000
[47-51]
people
. This asymmetric geographic distribution
remains largely unexplained. Several studies have
correlated variability in HPV-ESCC infection rates with
HPV detection methods. Many techniques were used to
[47,50]
find evidence of the involvement of HPV in ESCC
.
To date, PCR and ISH are the most commonly used
[52-56]
methods, and most studies use both techniques
.
The prevalence of overall HPV infection varies widely
depending on detection method. Infection prevalence
ranged from 17.6% for Southern blots to 32.2% for L1
serology, but the two most commonly-used methods
demonstrated similar overall HPV-ESCC rates of 27.7%
[51]
and 24.3%, respectively . In addition to these
studies, several meta-analyses have demonstrated
that detection method does not account for the
variability in reported HPV-ESCC infection rates as
variability persists within studies that use the same
[47,51,57]
detection method
.
[58]
[59]
In 1982, Syrjänen et al
and Syrjänen
first
suggested the possibility that HPV might play an
aetiological role in the progress of both benign and
malignant squamous cell carcinoma of the esophagus.
The well-known association between HPV and
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the United States, HPV-ESCC infection rates are low
(on the order of 5%-15%). The p16 overexpression
and HPV serological data do not currently support a
definitive aetiological role for HPV in ESCC.

strongly stated that: “HPV is unlikely to cause EAC or
GEJAC”. New studies could investigate persistent hrHPV infection and p53 as potential dysplasia/EAC risk
markers in clinical trials as well as in BE screening/
surveillance studies.

HPV and EAC

Prognostic value of HPV status in esophageal cancer

EAC is one of the fastest growing cancers in the
[74]
Western world . GERD, BE, obesity, tobacco use and
diet low in vegetables and fruit are the most important
[42,43,75-80]
known risk factors for EAC
.
The analogue rise in head and neck cancers in
Western countries has led to a suspicion that HPV may
also play a role in EAC. Endoscopists and pathologists
have often noted warty (papillomatous) lesions in the
[81]
esophagus, which may indicate a viral infection .
Herpes simplex virus, cytomegalovirus and EpsteinBarr virus have all been shown to infect the esophageal
[82]
epithelium. Rajendra et al
recently reported for
the first time that transcriptionally active hr-HPV was
strongly associated with Barrett’s dysplasia (BD) and
EAC, but HPV was biologically irrelevant in BE. This
study was the first to find that HPV positivity, which was
detected by PCR, was significantly higher in patients
with BD and EAC compared to controls and individuals
with Barrett’s metaplasia. Even if this study did not prove
causality, it suggested that HPV was associated with the
transition from BE to dysplastic disease/adenocarcinoma.
Biomarkers related to the transcriptional activity of hrHPV have been investigated for the purpose of identifying
[82-86]
the high-risk group of progressors to malignancy
.
When HPV DNA and markers of viral transcriptional
activity, i.e., p16 and E6/E7 mRNA, were all positive,
there was a very strong association with disease
severity along the Barrett’s metaplasia-dysplasiaadenocarcinoma sequence compared to when the
results for all markers were negative. Both an increasing
hr-HPV viral load and integration into the host genome
were significantly associated with disease severity in
the Barrett’s metaplasia-dysplasia-adenocarcinoma
pathway. Another recent prospective study involving 40
patients reported that persistent biologically active hrHPV infection (types 16 and 18) and p53 overexpression
(assessed by immunohistochemistry and validated by
DNA sequencing) were both independently associated
with persistent dysplasia/neoplasia after endoscopic
[87]
ablation of dysplastic BE/EAC .
[88]
Recent findings from Antonsson et al
showed
the results of DNA quality testing (b-globin) through
PCR and evaluation of the presence of HPV DNA in
241 histologically confirmed archived EAC and GEJAC
(gastro-esophageal junction adenocarcinomas)
tissue specimens from a population-based study
in Australia. With a 97% DNA yield and acceptable
quality in 233/241 specimens (201 EAC, 32 GEJAC),
each sample was tested three times for HPV DNA.
None of the 233 tumour specimens tested positive.
There was no evidence of HPV DNA in esophageal
adenocarcinoma tumour cells, and the researchers
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Several authors have evaluated the prognostic sig
nificance of HPV-ESCC infection. In contrast to oropharyn
geal lesions, for which several retrospective clinical
studies have consistently proven that patients with HPVpositive head and neck squamous cell carcinoma have
a better prognosis than patients with HPV-negative
[89-92]
tumours
, the outcomes data for HPV in ESCC are
[93]
still limited and conflicting. Furihata et al reported that
high levels of p53 protein expression (probably due to
p53 mutations) were inversely associated with HPV16 or
18 infection in esophageal cancers, and the prognoses
of two groups, one with HPV16 or 18 infection and the
other with p53 overexpression, were significantly poorer
than the prognoses of the group with neither condition.
[94]
Hippeläinen et al reported that HPV was involved
in 11% of 61 patients with ESCC but lacked prognostic
value. Numerous authors have failed to show any
significant association between HPV infection and
[95]
patient survival . In contrast, a recent series of
studies showed an improved overall and disease-free
survival in ESCC patients with HPV-positive tumours.
[96]
Cao et al
reported that HPV-infected patients had
better 5-year rates of overall survival (65.9% vs
43.4% among patients with HPV-negative tumours;
P = 0.002 by the log-rank test) when HPV status was
considered as an independent prognostic factor for
overall survival (OS) and progression-free survival
among patients with ESCC.
Because of this variability, clinical data do not
suggest a prognostic role for HPV infection in ESCC,
which precludes a definitive interpretation. Based on
the evidence described above, it currently appears
unlikely that HPV is clinically or aetiologically relevant
for ESCC. Thus, there is no evidence to recommend
that ESCC patients should be tested for HPV infection
outside of the context of a research study, and there
is no clear indication to change clinical practice or
treatment strategy for ESCC lesions based on HPV
[97]
status. Nevertheless, Oei et al
examined the
response of HPV-positive cells to hyperthermia using
cervical cancer cell lines infected with HPV 16 and 18,
in vivo tumour models and ex vivo-treated patient
biopsies. They found that hyperthermia at 42 ℃ for
a duration of 60 min caused activation of the p53dependent apoptotic pathway through degradation of
E6. This outcome highlights the difference between
HPV-negative and HPV-positive cells because the HPVnegative cells induced p53 and caused apoptosis after
radiation alone, whereas HPV-positive cells required
hyperthermia to promote these effects. Therefore,
this finding may lead to further clinical studies of

7419

September 7, 2016|Volume 22|Issue 33|

Bucchi D et al . HPV and gastrointestinal cancer
hyperthermia with other HPV-associated cancers.

appeared to be the opposite of the global pattern of
colorectal cancer incidence and could reflect differences
in HPV prevalence across the region. Furthermore, some
populations may be more susceptible than others to
HPV-associated colorectal carcinomas. Whereas HPV18
was more frequently detected in colorectal cancer cases
from Asia and Europe, HPV16 was more prevalent in
[108]
colorectal cancer cases from South America .
[114]
Moreover, Burnett-Hartman
analysed the cor
relation between HPV and colorectal cancer using
[115]
the Hill criteria
. As stated by the author, there
was some evidence for analogy, biological plausibility
and strength of association but only weak evidence
for consistency, specificity and coherence. Thus far,
temporality, biological gradient and experimentation
have not been evaluated in published studies.
Demonstrating the integration of HPV in the host
genome and the expression of viral oncogenes is
[116]
also important. Lorenzon et al
investigated the
integration status of HPV16 in colorectal tumours
by detecting the virus exclusively in its episomal
form, in barely traceable quantities and when it was
[117]
transcriptionally inactive. Previously, Bodaghi et al
examined 31 of the HPV16 DNA-positive samples for
the intact HPV16 E2 gene and frequently found viral
integrated DNA in the tumour tissue.
Although two recent meta-analyses have demon
strated a significant increase in colorectal cancer
[108,109]
risk associated with the presence of the virus
,
the published literature does not provide convincing
evidence for a strong association. The sample size
in each of the studies was small, and genotyping
methods varied across studies. However, because
the pathogenesis of colorectal cancer is multifactorial,
HPV may play a role in a subset of cancers. Additional
large-scale multicentre studies using standardized
methodologies and researchers investigating the viral
genome integration as well as the molecular basis
of HPV-related carcinogenesis are needed to better
understand the possible role of HPV in colorectal cancer.

HPV AND COLORECTAL CANCER
Colorectal cancer (CRC) is the third most common
cancer in men and the second most common in women
worldwide. There is a wide geographical variation in
incidence across the world, with the highest estimated
rates in Australia/New Zealand (ASR 44.8 and 32.2
per 100000 in men and women, respectively) and the
lowest in Western Africa (4.5 and 3.8 per 100000 in
[98]
men and women, respectively) . Although hereditary
forms of CRC have been well established, most cases
[99]
are sporadic . Several epidemiological studies have
shown that factors related to lifestyle can contribute
to the occurrence of CRC, such as high consumption
[100]
of red meat or tobacco smoking . However, the role
played by environmental factors in the pathogenesis of
this malignancy is still under investigation. Due to the
vast microbial population in the human intestine and
the identification of infectious agents as risk factors
for different types of cancers, researchers around
the world have recently assessed the relationship
between various infectious pathogens and the onset of
[101]
colorectal neoplasia .
HPV could potentially infect the colorectum by an
ascending infection from anogenital sites or thorough
haematogen or lymphogen spread, and HPV has
been hypothesized to be a potential aetiological factor
[102-106]
associated with colorectal cancer
.
In recent years, a growing number of studies has
investigated the presence of HPV in colonic tissues. The
majority of the authors found a much higher prevalence
of HPV DNA in malignant tissues compared to controls
(disease-free patients or adjacent colic mucosae), which
suggested a potential role for HPV infection in colorectal
[107]
carcinogenesis
, but the association between HPV
and colorectal cancer remains controversial and
inconclusive.
There is wide variation in the reported prevalence
in the literature, due partly to heterogeneity in HPV
detection methods. Although the HPV prevalence
was higher in PCR-based than in non-PCR-based
studies, there was substantial heterogeneity even
between studies using the same PCR-based method.
In addition, storage of the specimens might have
interfered with virus detection. In fact, viral prevalence
tends to be higher in studies in which fresh or frozen
tissue samples were analysed than in studies using
[108]
formalin-fixed and paraffin-embedded tissue .
The HPV detection rate in colorectal cancer ranged
[107-109]
from 0% to 84%
. The overall prevalence of HPV
was highest in publications from South America, Asia
and the Middle East, with ranges from 32% to 45%,
whereas the prevalence was 3% or less in studies from
North America, Europe and Australia, which was similar
to variations in HPV prevalence observed for other non[108,110-113]
cervical cancers
. Interestingly, this geographical
variation in HPV prevalence in colorectal cancer
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HPV AND ANAL CANCER
Anal cancer commonly occurs in the transformation
zone between the squamous and columnar epithelium
of the anal canal. Squamous cell carcinoma (SCC)
is the most common histological type and accounts
[118]
for 85% of all anal cancers . SCC is closely related
to persistent infection with human papilloma virus.
Indeed, HPV is detected in 80%-90% of anal cancers,
and HPV16 is the predominant type identified in
[119,120]
approximately 80% of patients
with a frequency
[120-125]
much higher than that in other anatomic sites
.
This frequency possibly reflects a differential tropism
of HPV 16 or an increased probability of HPV 16 to lead
to malignant transformation in the anal mucosa. HPV
prevalence in anal cancer varies by geographic region,
with the highest prevalence in North America and
[119]
Europe and the lowest in Africa .
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Similar to cervical cancer, squamous cell carcinoma
of the anus is preceded by a spectrum of precursor
lesions of varying cytological and histological severity
that are defined as anal intraepithelial neoplasia
(AIN). Grades 2 and 3 are grouped together as highgrade anal intraepithelial neoplasia (HGAIN) and
are associated with a higher risk of invasive cancer.
The natural history of AIN is not well understood.
However, it is believed that low-grade AIN may under
go spontaneous regression or progress to high-grade
AIN, which is similar to cervical cancer. The rate of
progression from anal HGAIN to invasive cancer is
unknown but is estimated to be notably lower than the
risk of progression to cancer for cervical high-grade
squamous intraepithelial lesions (approximately 1 to
[126-128]
80 per year)
. AIN2/3 is related to HPV in more
[119,120]
than 90% of cases, particularly with serotype 16
.
Anal cancer accounts for approximately 2%-3% of
gastrointestinal tract malignancies, with 27000 new
cases diagnosed worldwide in 2008 and age-adjusted
[2,119]
incidence rates approximately 1 per 100000 people
.
Anal cancer is a disease of older individuals, with a peak
in those aged 55 to 64 years, and the median age for
diagnosis is 60 years. In most countries, women are
[129]
more commonly affected than men .
Although anal cancer is relatively rare, the incidence
has been increasing over the past decade in different
[130]
countries in both sexes
. In the United States ,
the incidence of anal cancer has more than doubled
since 1975 and continues to rise by approximately
[131]
2.2% per year for both genders
. In Denmark,
the incidence increased by 2-fold in both women
and men in the 30-year period between 1978 and
2008, and the incidence of AIN increased by 1.3-fold
in the shorter observation period between 1998 and
[132]
2008 . Similar patterns have been observed in other
[130,133]
European countries and in Australia
. The reason
for the increasing incidence of anal cancer is not well
understood but may reflect changes in sexual behaviour,
such as the increased adoption of high-risk sexual
activities, including receptive anal intercourse and
[134]
increased sexual promiscuity . Furthermore, most of
this increase is attributed to a certain at-risk population,
[135]
specifically men who have sex with men (MSM)
and
[118,136]
HIV-positive individuals
that have a significantly
higher risk of anal cancer compared to the general
population. MSM are nearly 20 times more likely than
[129]
heterosexual men to develop the disease , and there
is a10-fold increase in incidence in HIV-positive women
[131]
compared to HIV-negative women . There was also
an increase of more than 40-fold in men with HIV
infection who only have sex with women compared to
their HIV-uninfected counterparts, and the increase was
[137,138]
even higher among HIV-positive MSM
. The risk of
SCC increases with the duration of HIV infection, and it
is not reduced to the use of highly active antiretroviral
[30,139]
therapy (HAART)
. Women with a history of HPVassociated genital (i.e., vulval, vaginal or cervical) high[140]
grade squamous intraepithelial lesions or cancer
and
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people with immune deficiency also have a high risk for
[141]
this disease .
In HIV-infected men who have sex with men,
hrHPV is detected in approximately 74% of individuals,
and concurrent infections with several HPV types
[128,142]
are also common
. Furthermore, studies have
demonstrated that the prevalence of HPV infection
of the anal region is common in both heterosexual
man and HIV-uninfected individuals. In a study in
immunocompetent asymptomatic heterosexual men,
the prevalence of overall anogenital HPV infections was
24.8% and, of the men with anal HPV infection, 33.3%
[143]
had an oncogenic HPV type
. In HIV-negative
women with no history of HPV-related pathology of
the vulva, vagina and cervix, the prevalence of anal
HPV varied from 4% to 22% and rose to 23%-36%
in women with known HPV-related pathology. In HIVpositive women, the prevalence of HPV in the anus
varied from 16% to 85% and was higher than the
[144]
prevalence in the cervix in the majority of studies .
A recent study focusing on the natural history of
anal HPV infection in heterosexual women showed
that approximately 85% of women cleared low risktypes and non-16 hr-HPV infections within three
years, whereas only 76.2% of women cleared HPV16
infections. The slower rate noted for HPV16 in the anus
was not surprising because HPV16 appears to be more
important than the other hr-HPV types in anal cancer.
Interestingly, one of the strongest predictors of anal
HPV16 persistence was having a concomitant cervical
infection with HPV16. Anal sex behaviours, including
anal intercourse, anal touching and lack of condom
use during anal sex, were also associated with HPV16
[145]
persistence .
Several case-control studies have assessed the
risk of anal cancer associated with HPV infection and
reported odds ratios between 2 and 7 for HPV 16 and
[119]
HPV 18 seropositivity for both men and women .
Anal intercourse is probably the most efficient
way of acquiring anal HPV infections, but it is not the
only mode of transmission for HPV to the anal canal.
Several studies have found anal HPV in women with
no history of anal receptive intercourse. Furthermore,
most publications have found that HPV infection of the
[145,146]
cervix is a significant risk factor for anal HPV
.
In addition, studies have shown a high degree of
genotype-specific concordance among women with
concurrent anal and cervical infections, which is
consistent with a common source of infections or
[147]
spread from one site to the other
. The plausibility
that the cervix acts as a source for anal HPV infection
is enhanced by the anatomic proximity of the vaginal
introitus to the anus, and the likelihood that anal
infection acts as a source for cervical infection is
somewhat less probable. Several studies have found
the same HPV type on the hands or fingertips as in
[148-150]
the genital area in men and in women
. Although
HPV on the fingers likely represents DNA deposits from
the genitals rather than a true infection, the possibi

7421

September 7, 2016|Volume 22|Issue 33|

Bucchi D et al . HPV and gastrointestinal cancer
lity of infection through autoinoculation via vaginal
secretions, digital or fomite transference cannot be
[151]
excluded .

improved outcome in HPV-positive cases was not clear.
However, because the detection rate of HPV DNA
in anal SCC commonly exceeds 90%, a comparison
between only HPV-positive and HPV-negative cancers
with respect to treatment response and long-term
outcome is very difficult.
The recent understanding of HPV infection as a
causative factor in treatment response and prognosis
further encouraged investigators to examine surrogate
markers for HPV infection. Among these factors, the cell
INK4a
cycle regulatory protein p16
(p16) has emerged as
the best candidate due to its association with high-risk
HPV infection. This cyclin-dependent kinase inhibitor
is normally repressed by a phospho-retinoblastoma
protein (pRB)/transcription factor E2F complex, but
this suppression is inhibited by the high-risk HPV
oncoprotein E7, which results in overexpression of p16.
In line with that finding, several studies have indicated
that p16 detection by IHC is predictive for a significantly
improved response to treatment with RT/CRT and
a more favourable prognosis in patients with HPV[157]
associated malignancies .
[158]
Serup-Hansen et al
found that p16 positivity
was a strong independent prognostic factor for
improved overall survival (OS) and disease-specific
survival (DSS) in patients with anal carcinoma. Rödel
[157]
et al
showed that a high HPV16 DNA load was
an independent prognostic factor associated with
improved locoregional tumour control and overall
survival, and they also revealed increased locoregional
control in patients with a high p16 labelling score
compared to patients with low p16 expression. Another
recent retrospective study provided an evaluation
of the prognostic importance of local control and
survival of various combinations of HPV/p16 status in
[159]
a total of 106 patients treated with CRT. Mai et al
concluded that p16 positivity alone was not a sufficient
marker for HPV-induced transformation because
p16 positivity can be caused by an event other than
HPV transformation, and that outcome conferred a
significantly different prognosis. HPV+/p16+ status
only reliably identified HPV-transformed tumours with
an extremely favourable prognosis. Tumours with
p16 overexpression without HPV infection seemed to
have a particularly unfavourable prognosis and may
therefore require more treatment to improve results.
However, other studies were unable to find an
association between p16 expression and outcomes
[160]
using conventional IHC staining status . This result
may be related to the fact that most of the cases
were HPV-positive according to all testing techniques,
which made any subset analysis of the IHC score
very difficult. Differences in scoring and definition
of p16 positivity, the retrospective study design and
smaller sample sizes may also explain the discordant
results. Therefore, these data need to be validated
prospectively in a larger patient cohort. Additionally,
the molecular background of tumours that are p16+

Anal cancer screening

Screening for anal cancer is currently being considered
for high risk groups (e.g., HIV-infected men having sex
with men). Screening should involve the assessment
of anal cytology obtained with a swab and subsequent
study with high-resolution anoscopy (HRA) when
cytological abnormalities are detected. The sensitivity
of a single anal cytology test for detecting histological
HSIL (AIN2/3) ranges from 55% to 93%, and the
[129]
specificity ranges between 32% and 81%
. Many
studies have found poor correlation between the grade
of the cytology report and the grade diagnosed on a
[152]
subsequent biopsy . Moreover, sensitivity decreases
[129]
in the highest risk group
. For these reasons
and given the low specificity of anal cytology as a
screening tool, some clinicians have proposed that
patients should be referred immediately for an HRA.
Additionally, using HPV testing could help reduce the
need for HRA. However, HPV testing can have a low
specificity for anal HSIL because HIV-infected patients
have a high HPV prevalence, and multiple HPV types
may be detected in the anal canal.
Although there is currently no evidence of its
efficacy, some authors have recommended screening
[152,153]
high-risk HIV-positive individuals
, such as MSM,
those with a history of condylomata and women with
cervical or vulvar dysplasia. This recommendation
is based on indirect evidence taken from various
epidemiological studies that highlight the high
incidence of anal cancer among these subgroups, the
availability of the test, the morbidity and mortality
associated with anal cancer and studies evaluating the
cost-effectiveness of the screening strategy.

Prognostic value of HPV status in anal cancer

Although anal cancer chemoradiotherapy (CRT) has
become the standard treatment for patients with locoregional disease, there has been little improvement in
[154]
survival over the last few decades . Therefore, there
is growing interest in the determination of molecular
tumour factors that may predict either a response or
resistance to standard CRT.
Recently, in HPV-associated malignancies, parti
cularly oropharyngeal head and neck SCC, most
studies have revealed a more favourable prognosis
in patients with an HPV-positive tumour compared to
HPV-negative patients. Moreover, recent data indicate
that treatment response to radiotherapy (RT) or
chemoradiotherapy (CRT) is superior for HPV-positive
[155]
tumours compared to HPV-negative tumours
. In
[156]
patients with cervical cancer, Kim et al
recently
reported that the HPV DNA load was a strong inde
pendent prognostic factor for disease-free survival
after radical RT. However, the biological basis for this
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without HPV infection has to be investigated further.

Failure to achieve high population coverage hampers
the additional protection associated with herd immunity
such that the potential benefits of vaccination are not
fully realized. For instance, significant reductions in HPV
infections and genital warts in girls and boys younger
than 20 years of age were observed only where high
[170]
coverage target was reached .
In many developed countries, the burden of HPVassociated cancers in men is comparable to the burden
in women. In Europe, approximately 30% of all HPV[171]
related cancers are estimated to occur in males
.
Moreover, men having sex with men receive little
benefit from strategies based on the vaccination of
women only.
The results of economic analyses have limitations.
They critically depend on a modelling approach and
assumptions about natural immunity, vaccination
strategies, vaccine coverage rate and HPV-related
diseases. Furthermore, these studies do not consider
the epidemiological trend of HPV-related diseases,
such as the observed increase in the incidence of anal
[172]
and head and neck cancers
. Moreover, published
cost-effectiveness studies have been criticized for
underestimating the benefits of universal vaccination
related to several non-health factors, including
economic benefits, such as improved patient, family
and career productivity. The assessment of the costeffectiveness of universal HPV vaccination also depends
on the estimated costs of vaccination. Strategies to
reduce the cost associated with vaccination could
make universal vaccination cost-effective. For instance,
ongoing studies are exploring the change from a
three-dose schedule of HPV vaccination to a two-dose
[173,174]
schedule
.
To increase the impact of HPV vaccination, Australia
has been the first country to offer free HPV vaccines
for boys as well as girls. Canada and the United
States now also recommend vaccinating boys. Austria
recently became the first European Union country to
offer universal HPV vaccination.
Finally, it must be emphasized that the potential
population level impact of current prophylactic HPV
vaccination on cancers other than cervical cancer is
particularly important because there are very few
effective screening programmes for most of these
malignancies.
Modelling analyses suggest that HPV vaccination
can substantially reduce the burden of HPV-associated
diseases, with approximately 30%-40% of health
gains deriving from the prevention of non-cervical
[163]
cancers .
Optimal implementation of HPV vaccines is an
important public health challenge. Targeted efforts are
needed to increase vaccine uptake among girls, and
[174]
universal vaccination should be carefully considered .
Indeed, the extension of vaccination to boys is highly
desirable and should be implemented in many countries
in the next few years.

HPV VACCINATION IS THE KEY TO
IMPROVING HPV-RELATED DISEASE
CONTROL
Cervical cancer screening, along with primary pre
vention measures to control sexually transmitted
diseases, has long been the main intervention to
[161]
reduce the burden of HPV-related disease .
With an improved understanding of the role of
HPV infection in several malignancies, vaccination has
emerged as a central tool for preventing HPV-related
disease.
Currently, three vaccines against HPV are ap
proved. The bivalent vaccine (HPV2) is designed to
prevent infection from HPV types 16 and 18, and the
quadrivalent vaccine (HPV4) is active against HPV types
6, 11, 16 and 18. Data from clinical trials have shown
that both vaccines can prevent premalignant genital
(cervical, vulvar and vaginal) and anal lesions in females
from 9 to 26 years of age. The quadrivalent vaccine was
also effective in males ages 9 to 26 for the prevention
of genital warts, penile intraepithelial neoplasia and
AIN. Although no data from clinical trials are currently
available to demonstrate efficacy for the prevention
of oropharyngeal cancer, the HPV vaccine is likely to
offer protection against these cancers as well because
most cases can be attributed to HPV16. Furthermore,
clinical trials recently established the safety, efficacy
and immunogenicity of the nonavalent vaccine, which
includes the next five most commonly detected
oncogenic types in HPV-associated cancers (i.e., types
[16,162,163]
31, 33, 45, 52 and 58)
.
By the beginning of 2007, routine vaccination
programmes against HPV were implemented in the
majority of Western countries. However, the high cost
of the vaccine, the diffusion of movements against
vaccine use and difficulties in reaching the adolescent
population that is the target of vaccination have
[164]
hindered widespread coverage .
Moreover, most existing vaccination programmes
target pre-adolescent girls only through school-based
or health centres, and these programmes often include
catch-up programmes for older girls and women.
Therefore, most countries do not currently include
boys in HPV vaccination programmes.
Studies comparing the incremental benefits of
vaccinating males and females to female-only immu
nization indicate that gender-neutral vaccination
programmes are likely to further reduce the incidence
of HPV-related disease in both sexes. Instead, costeffectiveness analyses indicate that including males in
current HPV vaccination programmes may not be cost[165-169]
effective if high coverage of females is achieved
.
However, in many countries, the goal of vaccination
coverage > 80% among females has not been reached.
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CONCLUSION

11

Human papillomavirus is one of the major causes of
infection-related cancer worldwide. A clear association
has already been established between HPV and
genital malignancies, anal and oropharyngeal cancers.
Although there is ongoing investigation into the po
tential aetiological role of HPV in the development of
esophageal and other cancers, most studies to date
have been inconclusive.
Identification of HPV-related cancers is clinically
relevant because HPV status is emerging as a possible
predictor of treatment response and long-term on
cological outcomes that might help identify patients
who are candidates for different treatment regimens.
Further research is required to improve our under
standing of the natural history of HPV infection, its
oncogenesis and the potential clinical implications.
Screening could be introduced to decrease incidence
of anal cancer in high-risk groups. Nevertheless,
vaccination represents the best available strategy to
reduce the burden of HPV-related cancers.
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REVIEW

Prediction of lymph node metastasis and sentinel node
navigation surgery for patients with early-stage gastric
cancer
Atsuo Shida, Norio Mitsumori, Hiroshi Nimura, Yuta Takano, Taizou Iwasaki, Muneharu Fujisaki,
Naoto Takahashi, Katsuhiko Yanaga

Abstract

Atsuo Shida, Norio Mitsumori, Hiroshi Nimura, Yuta Takano,
Taizou Iwasaki, Muneharu Fujisaki, Naoto Takahashi,
Katsuhiko Yanaga, Department of Surgery, Jikei University
School of Medicine, Tokyo 105-8461, Japan

Accurate prediction of lymph node (LN) status is
crucially important for appropriate treatment planning
in patients with early gastric cancer (EGC). However,
consensus on patient and tumor characteristics
associated with LN metastasis are yet to be reached.
Through systematic search, we identified several
independent variables associated with LN metastasis
in EGC, which should be included in future research to
assess which of these variables remain as significant
predictors of LN metastasis. On the other hand, even
if we use these promising parameters, we should
realize the limitation and the difficulty of predicting
LN metastasis accurately. The sentinel LN (SLN) is
defined as first possible site to receive cancer cells
along the route of lymphatic drainage from the primary
tumor. The absence of metastasis in SLN is believed to
correlate with the absence of metastasis in downstream
LNs. In this review, we have attempted to focus on
several independent parameters which have close
relationship between tumor and LN metastasis in EGC.
In addition, we evaluated the history of sentinel node
navigation surgery and the usefulness for EGC.
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Core tip: In this review, we have attempted to focus
on several independent parameters which have close
relationship between tumor and lymph node metastasis
in early gastric cancer. In addition, we evaluated the
usefulness of sentinel node navigation surgery (SNNS)
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and reported that the mean diameter of the LNs
which is negative for metastasis was 4.1 mm. On
the contrary, mean diameter of LNs which is positive
for metastasis was 6.0 mm. Eighty percent of LNs
which is negative for metastasis were less than 5 mm
in diameter. However 55% of LNs which is positive
for metastasis were less than 5 mm in diameter. In
addition, 71% of patients who had LN metastasis had at
least one node that was 10 mm or greater in diameter.
Furthermore, 70% of patients who were free for LN
metastasis had at least one node that was 10 mm or
greater in diameter. According to these results, they
concluded that size of LN is not a reliable parameter
for LN metastasis in patients with gastric cancer. In this
point, prediction of LN metastasis using CT can’t be
trustworthy examination for ECG. Fluorodeoxyglucose
positron emission tomography (FDG-PET) and EUS
are alternative methods for detecting LN metastasis.
FDG-PET is a useful preoperative diagnostic instrument
to investigate metastasis. However, it has been
reported that FDG-PET is not reliable tool to predict
[16-18]
LN metastasis because of the low sensitivity
. In
addition, accuracy of prediction for LN presence by EUS
[19]
was only 64% . These reports suggest that FDG-PET
and EUS are not credible tool to predict LN metastasis
[20]
up to now. Nakagawa et al
analyzed 1042 patients
with EGC who underwent gastrectomy with standard
LN dissection. They constructed two receiver operating
characteristics (ROC) curves consisting of postoperative
independent factors and preoperative independent
factors to predict LN metastasis. Comparing with areas
produced by the two ROC curves, they investigated
which is more reliable factors to predict LN metastasis.
As a result, produced areas under the ROC curve made
of postoperative parameters including pathological
data was 0.824. However, the area under the ROC
curve made of preoperative factors obtained from
CT or endoscopic examination was 0.660. Hence,
they concluded that prediction of LN metastasis for
EGC using preoperative parameters is not credible as
[20]
compared with using postoperative factors .

for patients with gastric cancer, in particular technical
procedure of SNNS using Infrared Ray Electronic Endo
scopes combined with Indocyanine Green injection.
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INTRODUCTION
Newly developing patients with gastric cancer are
estimated as 951000 per year and is the fifth most
[1]
common cancer in the world . The chance of detecting
early gastric cancer (EGC) is increasing especially
in South Korea and Japan thanks to development
in function of endoscopy and the national screening
[2-5]
systems . In Japan and South Korea, patients with
EGC has been blessed with superior prognosis after
[5]
surgical treatment . In general, lymph node (LN)
metastasis in patients with EGC has been reported
about 10%-15%, and it is one of the strongest progno
[1,6-8]
stic parameters
. Gastrectomy with D2 lymphade
nectomy is recognized as a standard surgical procedure
for patients with advanced gastric cancer according
[9]
to the Dutch trial . Standard D2 lymphadenectomy
is appropriate procedure for patients with advanced
gastric cancer. On the other hand, more limited lympha
denectomy such as D1 or D1+ for patients with EGC
is also available according to the Japanese Gastric
[10]
Cancer Association . The relationship between
pathological parameters and LN metastasis for patients
with EGC has been deeply inquired. Meanwhile, the
connection between preoperative parameters and LN
[11-14]
metastasis of EGC has not been fully investigated
.
Furthermore, the involvement between preoperative
and postoperative diagnostic parameters has not been
widely evaluated.
The “less invasive” theory behind sentinel LN (SLN)
biopsy concept has benefits based on the limitation
of morbidity because of avoiding unnecessary LN
dissection. At least theoretically, combination of SLN
and less invasive surgical procedures such as laparo
scopic surgery seems attractive. SNNS has potential
to change the current surgical treatment of gastric
cancer.
The aim of this review is to clarify the reliability of
preoperative prediction of LN metastasis for patients
with EGC and evaluate the clinical usefulness of SNNS.

RELATIONSHIP BETWEEN
PATHOLOGICAL PARAMETERS AND LN
METASTASIS
Many studies have been carried out to evaluate
relationship between pathological parameters and
LN metastasis in EGC. We have surveyed numerous
published articles which describe an association
between pathological parameters and LN metastasis in
EGC after year 2001. From these articles, we selected
28 articles (Table 1), which investigated relationships
between pathological risk factors and LN metastasis
in EGC at least using multiple variate analysis. Song
[21]
et al
have demonstrated that increased submucosal
vascularity, histological differentiation, invasion of
tumor cells into the muscularis mucosae had signifi

PREOPERATIVE PREDICTION OF LN
METASTASIS OF EGC
[15]

Mönig et al

investigated 1253 LNs of 31 specimens
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Table 1 Published articles which refer to independent risk factors for lymph node metastasis of early gastric cancer after 2001
Ref.

Year

Country

Number of
patients

Folli et al[40]

2001

Japan

m: 285, sm: 215

Amioka et al[26]

2002

Japan

Abe et al[41]

2002

Japan

Matsuzaki et al[42]
Abe et al[43]

2003
2003

Japan
Japan

Song et al[21]

2004

South Korea

Park et al[22]

2004

South Korea

Hyung et al[44]

2004

South Korea

Son et al[45]

2005

South Korea

Lo et al[46]

2007

Taiwan

Kunisaki et al[47]

2007

Japan

An et al[6]

2007

South Korea

Yi Kim et al[24]

2007

South Korea

Li et al[48]

2008

South Korea

Park et al[49]

2008

South Korea

Shen et al[50]

2009

China

Morita et al[51]

2009

Japan

Kunisaki et al[52]

2009

Japan

Sung et al[53]

2010

Taiwan

Lee et al[54]

2010

South Korea

Lim et al[55]

2011

South Korea
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Independent parameters which affect LN metastasis

Tumor size
Tumor depth (pT1b vs pT1a)
Histological differentiation (Diffuse vs Intestinal)
Histological differentiation (Mixed vs Intestinal)
Kodama Type (Pen A vs Not Pen A)
sm: 139
Lymphatic invasion
VEGF-C (positive vs negative)
m: 136, sm: 178
Gender (female vs male)
Tumor size (≥ 20 mm vs < 20 mm)
Tumor depth (pT1b vs pT1a)
Lymphovascular invasion
sm: 92
Volume of lesions
sm: 104
Gender (female vs male)
Tumor depth (pT1b vs pT1a)
Lymphatic invasion
m: 120
Lymphatic invasion
Tumor depth (sm massive vs sm shallow)
sm: 105
Tumor size (> 40 mm)
Tumor depth (> 2000 μm)
m: 295, sm: 271
Histological differentiation
(Undifferentiated vs Differentiated)
Tumor size (≥ 20 mm vs < 20 mm)
Tumor depth (pT1b vs pT1a)
Lymphovascular invasion
sm: 248
Lymphatic invasion
Tumor depth (sm massive vs sm shallow)
m: 272, sm: 203
Lymphovascular invasion
Tumor depth (pT1b vs pT1a)
Tumor size
sm: 615
Tumor size (40 mm < 80 mm vs < 20 mm)
Tumor size (≥ 80 mm vs < 20 mm)
Lymphatic invasion
sm: 1043
Tumor size (20 mm < 40 mm vs < 10 mm)
Tumor size (≥ 40 mm vs < 10 mm)
Lymphatic invasion
m: 9, sm: 51
Lymphatic invasion
E-Cadherin (abnormal expression vs normal expression)
m: 356, sm: 270
Tumor size (≥ 20 mm vs < 20 mm)
Tumor depth (pT1b vs pT1a)
Lymphovascular invasion
Only poorly diff.
Tumor depth (500-1000 μm invasion to submucosa)
adenocarcinoma
Tumor depth (1000-2000 μm invasion to submucosa)
m: 118, sm: 116
Tumor depth (> 2000 μm invasion to submucosa)
Tumor size (> 30 mm in diameter )
Lymphovascular invasion
sm: 144
Histological differentiation
(Undifferentiated vs Differentiated)
Tumor size (≥ 20 mm vs < 20 mm)
sm: 70
Tumor size
Lymphatic invasion
VEGF-C (positive vs negative)
m: 269, sm: 304
Tumor size (≥ 20 mm vs < 20 mm)
Tumor depth (SM1 vs M)
Tumor depth (SM2 vs M)
Lymphovascular invasion
m: 293, sm: 263
Tumor size (≥ 2 mm in diameter vs < 2 cm)
Lymphatic invasion
Tumor depth (pT1b vs pT1a)
m: 39, sm: 85
Lymphatic invasion
Tumor size (≥ 30 mm vs < 30 mm)
Tumor depth (M/SM1 vs SM2/SM3)
Intratumoral vessel density
sm: 163
Lymphovascular invasion
Macroscopic type (elevated vs flat)
Macroscopic type (elevated vs depressed)
Macroscopic type (elevated vs mixed)

7433

Odds ratio

95%CI

1.34
2.29
5.70
4.19
1.36
3.48
4.18
3.23
3.39
4.94
7.54
1.27
2.90
29.20
50.80
21.39
2.56
4.80
6.81
2.28

1.13-1.59
1.56-3.36
2.88-11.31
1.89-9.32
1.17-1.58
1.17-10.40
1.38-12.70
1.33-7.88
1.26-9.13
1.49-16.27
3.01-19.04
2.49-13.51
1.2-6.9
3.9-216.3
8.1-317.3
10.41-43.95
1.30-5.03
1.05-22.06
1.36-34.17
1.14-4.56

1.045
3.68
26.56
21.39
2.56
8.61
3.05
1.68
2.71
3.20
15.92
1.88
1.96
8.41
8.11
2.62
2.04
2.84
15.11
14.69
6.20
6.37
4.53
12.63
2.70

1.36-5.93
1.67-8.13
12.77-55.23
10.41-43.96
1.30-5.03
4.43-16.72
1.47-6.33
1.13-2.51
1.31-5.61
1.02-10.09
9.52-26.63
1.03-3.45
1.34-2.88
5.76-12.29
1.61-40.77
0.917-7.457
1.12-3.73
1.48-5.44
7.41-30.80
2.54-85.09
1.57-24.52
1.35-30.14
1.13-18.20
4.05-39.37
1.18-6.17

2.93
1.04
5.22
3.31
3.34
2.96
4.53
9.37
2.28
27.20
4.91
15.33
4.16
3.11
3.57
4.57
9.09
5.89
20.00

1.32-6.54
1.01-1.08
1.84-20.74
1.00-0.95
1.39-8.01
1.03-8.52
1.69-12.18
4.78-18.37
1.20-4.17
10.3-74.8
2.44-9.89
5.06-46.44
1.52-11.45
1.21-7.98
1.20-10.64
1.74-12.24
1.75-50.0
1.69-20.0
0.00-2.70
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Lee et al[56]

2012

South Korea

Ren et al[57]
Fujii et al[23]

2013
2013

China
Japan

Only poorly diff.
adenocarcinoma
m: 510, sm: 495
m: 122, sm: 80
sm: 130

Shida et al[27]

2014

Japan

sm: 145

Lee et al[12]

2015

South Korea

m: 847

Park et al[25]

2015

South Korea

sm: 756

Feng et al[58]

2016

China

m: 339, sm: 237

Tumor size (≥ 20 mm vs < 20 mm)
Tumor depth (pT1b vs pT1a)
Lymphatic invasion
Tumor depth (pT1b vs pT1a)
Lymphatic invasion
Lymphocytic infiltration (absent vs present)
Lymphatic invasion
Vascular invasion
Tumor size
Lymphovascular invasion
Ulceration (present vs absent)
Undifferntiated type of component (present vs absent)
Tumor size (≥ 2 cm in diameter vs < 2 cm)
Tumor depth (sm2 vs sm1)
Tumor depth (sm3 vs sm1)
Lymphovascular invasion,
Negative for EB virus
Tumor depth
Ulceration (present vs absent)
Lymphovascular invasion

1.39-4.40
1.46-3.99
4.14-10.19
2.32-3.17
NA
NA
1.71-5.67
1.05-5.67
1.10-1.69
7.40-102.20
1.90-29.90
1.08-17.89
1.04-2.36
1.55-5.64
1.61-5.29
4.93-11.25
1.26-14.32
1.82-4.77
1.21-5.38
1.19-16.3

cosa-invaded EGC were analyzed using multivariate
analysis, and a formula which predicts LN metastasis was
developed by linear discriminant analysis. Additionally,
prospective validation study was carried out to estimate
if the formula is reliable to predict LN metastasis.
Lymphatic system invasion and venous system invasion
were selected as independent parameters correlated
with LN metastasis for EGC. The LN metastasis
predicting formula was developed using these two
factors by linear discriminant analysis. The formula is
as follows: Y = 0.12 × (venous system invasion: 0, 1, 2
or 3) + 0.19 × (lymphatic system invasion: 0, 1, 2, or
3) - 0.14. If Y > 0, we judge that a patient with gastric
cancer is susceptible LN metastasis. Prospective study
demonstrated that sensitivity and specificity rates of this
[27]
formula were 70% and 61.6%, respectively . Flow
chart for submucosa-invading gastric cancer after ESD
is shown in Figure 1. This flow chart is indicating that
if resected tumor through ESD invaded 500 μm below
the muscularis mucosae, the LN metastasis predicting
score is available. Y > 0 indicates that the tumor in
question would be prone to LN metastasis. We defined
patients who are satisfied with Y > 0 as a high-risk
group (HRG) for LN metastasis and Y < 0 patients as a
low-risk group (LRG) for LN metastasis. The flow chart
means patients with HRG should undergo additional
conventional gastrectomy. However, we think that less
invasive treatment like as SNNS is more desirable for
patients with LRG.
[23]
Fujii et al
investigated 130 submucosa-invaded
gastric cancer. Absence of lymphoid infiltration and
lymphatic system invasion were selected as independent
significant factors which affect LN metastasis. They
also developed LN metastasis predicting score and
advocated a scoring system for additional gastrectomy
following ESD based on prediction of LN metastasis
(Figure 2). Lymphoid infiltration and the presence of
lymphatic system invasion were scored as follows: +2
for lymphatic system invasion and -2 for involvement of
lymphocystic infiltration, which was considered as a LN

cant relation to LN metastasis in intramucosal gastric
carcinoma. Depth of tumor invasion and tumor size
had also significant correlation with LN metastasis in
[22]
[6]
EGC . Furthermore, An et al also demonstrated
that lymphatic system invasion and tumor size had
strong relationship to LN metastasis in submucosa
invading EGC with submucosal invasion. Of the 28
articles, 23 (82.1%) authors concluded lymphatic
invasion or lymphovascular invasion as independent
risk factors for LN metastasis and tumor depth and
tumor size were also confirmed as LN risk factors in
17 (60.7%) articles, respectively. These results are
suggesting that lymphovascular invasion, tumor depth
and tumor size are strong predictors of LN metastasis
[23]
for EGC. Furthermore, Fujii et al
described that
lymphatic invasion and absence of clear lymphoid
follicle formation at the site of submucosal invasion
(lymphocystic infiltration) were independent risk
factors for LN metastasis. Immunohistochemical (IH)
research is also useful for predicting LN metastasis. Yi
[24]
Kim et al demonstrated that abnormal expression of
E-cadherin and lymphatic invasion were independent,
statistically significant parameters which is associated
with LN metastasis for patients with EGC. Recently,
[25]
Park et al
revealed not only larger tumor size
(greater than 2 cm), deeper level of submucosal
invasion, lymphovascular invasion but also EpsteinBarr virus negativity were independent risk factors for
LNM in submucosa invaded EGC using a large series
(n = 756) of patients with EGC. In addition, Amioka
[26]
et al
investigated clinicopathological relationship
between Vascular Endothelial Growth Factor (VEGF) C expression in submucosa-invading gastric carcinoma
and LN metastasis. They demonstrated VEGF-C
expression in submucosa-invading gastric carcinoma
had significant correlation to LN metastasis.

LN metastasis predicting score
One hundred forty-five consecutive patients with submu

WJG|www.wjgnet.com

2.47
2.42
6.50
2.74
8.07
7.94
3.11
2.44
1.36
27.52
7.54
4.39
1.57
2.96
2.91
7.45
4.24
2.94
2.55
4.40
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Submucosa-invading gastric cancer with
tumor depth over 500 micron below muscularis mucosae

Lymph node metastasis predicting score:
Y>0

Y<0

Y = 0.12 × (venous system invasion: 0, 1, 2 or 3)
+ 0.19 × (lymphatic system invasion : 0, 1, 2 or 3) - 0.14

High risk for lymph node metastasis

Low risk for lymph node metastasis

Additional standard gastrectomy

Sentinel node navigation surgery

Figure 1 Flow chart for submucosa-invading gastric cancer after ESD. Quoted from Prediction of lymph node metastasis in patients with submucosa-invading
early gastric cancer. Adapted from Ref. [27].

Score -2

Score +1

Score +2

Histologically undifferentiated (submucosa)
Minor axis ≥ 2 cm
Lymphocytic infiltration (+)

Depth of submucosal invasion ≥ 2000 μm

Lymphatic invasion (+)

Ulcer or scar (in cancer lesion)
Venous invasion (+)
Submucosa-invading gastric

Total score < 3

Calculate total score

Total score ≥ 3

Low risk for lymph node metastasis

High risk for lymph node metastasis

Observation

Additional gastrectomy

Figure 2 Scoring to predict lymph node metastasis and scoring system for additional gastrectomy following endoscopic resection based on prediction
of lymph node metastasis. Quoted from Pathological factors related to lymph node metastasis of submucosally invasive gastric cancer: criteria for additional
gastrectomy after endoscopic resection. Adapted from Ref. [23].

metastasis-inhibiting parameter. Next five pathological
factors [minor axis length ≥ 2 cm, submucosal
invasion depth ≥ 2000 μm, histological classification
(undifferentiated) of submucosal cancer at the site of
invasion, ulceration or scar in the lesion, and venous
invasion] were scored +1 each when present. They
concluded that a patient with total score 3 and more
should be treated as high risk for LN metastasis and
such patients are recommended to undergo additional
gastrectomy. On the other hand, patients with total
score less than 3 should be considered as low risk for LN
metastasis and they don’t need to undergo additional
gastrectomy.
These predictive scores and treatment of flow chart
after ESD seem innovative and original strategy for
EGC. However, we need further additional clinical trials

WJG|www.wjgnet.com

to validate clinical usefulness of the flow charts.

SNNS as a solution to predict LN
metastasis of EGC
In spite of these constant efforts to predict LN meta
stasis using pathological parameters, it has been still
difficult to predict LN metastasis accurately. Mean
while, SNNS for EGC may become another possible
and promising solution to resolve this problem. From
early 2000s, articles which focused on SNNS for EGC
[28]
have been published. Hiratsuka et al
demonstrated
the usefulness of indocyanine green (ICG) for SNNS
in particular T1 gastric cancer because of the high
[29]
successful rate to predict SLNs. Kitagawa et al
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Ordinary light

Infrared ray endoscopy combined with ICG

Sentinel node (SN)

Lymphatic vessels

Figure 3 Sentinel node navigation surgery using infrared ray electronic endoscopy. ICG: Indocyanine green.
[33]

showed the effectiveness of radio-guided surgery
using gamma detection probe technology for SNNS.
Technetium-99m-radiolabelled tin colloid was injected
endoscopically before the surgery, and radioactive SNs
were identified with a gamma probe. They concluded
that the radioisotope is useful even for obese patients
because it remains for enough time in the SNs after
[30]
injection. In addition, Miwa et al
demonstrated
the results of a regional multicenter clinical trial of
SN mapping for gastric cancer using the dye-guided
method. This was the first multicenter trial of SN
mapping for gastric cancer. Miwa demonstrated that
sentinel lymphatic basins contain truly positive nodes,
even in cases with a false negative SN biopsy. Hence,
they concluded that the sentinel lymphatic basins
dissection are adequate procedure for LN dissection in
patients with EGC.
We have reported the clinical usefulness of infrared
ray electronic endoscopy (IREE) combined with ICG
to detect illuminated SLN in patients with gastric
cancer and duodenal tumors as compared with dye
[31-37]
alone (Figure 3)
. Infrared ray has a wave length
of around 805 nm. It is able to penetrate fatty tissues
up to a depth from 3 to 5 mm. In brief, before the
ICG injection, the gastrocolic ligament is opened using
ultrasonic coagulation incision device without disrupting
the gastro-epiploic vessels. After that 0.5 ml ICG (5
mg/ml; Diagnogreen; Daiichi Phar- maceutical, Tokyo,
Japan) is injected endoscopically in four points of the
submucosa surrounding the tumor with an endoscopic
puncture needle. Twenty minutes after the injection,
SN’s stained with ICG were observed with the naked
eye and with IREE (Olympus Optical, Tokyo, Japan).
[31]
Nimura et al
reported SNNS for gastric cancer
by IREE with ICG injection for the first time. They
investigated 84 patients with gastric cancer and 11
of the 84 patients had LN metastasis. All of the 11
patients were detected by IREE with ICG injection.
However, SLNs detected by ICG injection alone did
not include metastasis in 4 of the 11 patients. This
result seems to support the usefulness of IREE with
ICG injection as compared to ICG injection alone.
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In addition, Kelder et al
investigated 212 patients
with gastric cancer who underwent SNNS by IREE
with ICG injection. The detection rate and sensitivity
of SLNs by IREE with ICG injection were 99.5% and
97%, respectively. Meanwhile, those of SLNs with ICG
injection alone were 85.8% and 48.4%. Predominance
of SLNs by IREE with ICG injection over ICG injection
alone is supported by these results.
[32]
Ohdaira et al
focused on lymphatic drainage
using IREE with ICG. One of the advantage of this
procedure is that SNNS by IREE with ICG injection
enables us to detect lymphatic vessels from the tumor
easily. They investigated 161 patients with gastric
cancer using IREE with ICG and revealed that the
most common locations of the SNs, in each of the
upper, middle and lower thirds of the stomach, were
station No. 7 which is defined as LNs along the trunk
of left gastric artery between its root and the origin
of its ascending branch by Japanese Gastric Cancer
[34]
Association. Yano et al
investigated 130 patients
with gastric cancer (3381 LNs) who underwent SNNS
by IREE with ICG injection and evaluated LNs by
immunohistochemistry (IH) with anti-cytokeratin
antibody staining. They reported that 15 patients
(27 nodes) were diagnosed without metastasis by
hematoxylin and eosin (HE) staining, which turned to
metastatic by IH staining. However, all the 27 nodes
with micrometastasis were inside the lymphatic basins.
They concluded that even if LN micrometastasis is
overlooked by intraoperative frozen section with HE
staining, micrometastasis can be completely removed
by lymphatic basins dissection.
Benefit of SNNS is not only to avoid unnecessary
LN dissection but also to enable us performing local
resection (LR) of stomach for patients with EGC with
[38]
curability. Kitaoka et al , was the first to report the
use of LR for treating early gastric cancer. Maintenance
of curability and quality of life are essential to intro
ducing LR for early gastric cancer clinically. Kawamura
[39]
et al
described the usefulness of partial resection of
stomach as compared to conventional gastrectomy.
They assessed gastric emptying by 13C-acetate breath
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test in 60 patients who underwent distal gastrectomy
with Billroth I reconstruction (DGBI) in 26 patients,
LR in 34 patients. For the 13C breath test, 100 mg
of 13C-acetate sodium salt was mixed in a test
meal. Dietary intake and body weight change were
significantly more reduced in the DGBI group than the
LR group. In addition, significant acceleration of gastric
emptying was observed in the DGBI group compared
to that in the LR group by 13C breath test. They
concluded that LR is an option for selected patients
with EGC.
SN mapping concept seems reasonable approach
to determine appropriate indications including pyloruspreserving gastrectomy, proximal gastrectomy and
LR for cT1N0 gastric cancer. In particular, laparoscopic
function-preserving surgeries should be performed for
patients with negative for LN metastasis confirmed by
SNNS. Earlier recovery after surgery and preservation
of quality of life in the late disease phases can be
achieved by limited laparoscopic gastrectomy with
SNNS.

7

8
9

10
11

12

CONCLUSION

13

When we predict LN metastasis for ECG, we need at
least pathological information derived from resected
tumor through ESD. In particular, lymphovascular
invasion, tumor depth and tumor size are the strongest
LN metastasis predicting parameters for EGC. Basic
strategy of additional treatment after ESD for patients
with EGC is conventional gastrectomy. However, pro
viding less invasive surgery such as SNNS for patients
with EGC has potentiality to improve the quality of life
of patients after surgery by preserving gastric function
as compared to conventional gastrectomy.

14

15

16

REFERENCES
1

2

3

4

5

6

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo
M, Parkin DM, Forman D, Bray F. Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN
2012. Int J Cancer 2015; 136: E359-E386 [PMID: 25220842 DOI:
10.1002/ijc.29210]
Hamashima C, Shibuya D, Yamazaki H, Inoue K, Fukao A, Saito
H, Sobue T. The Japanese guidelines for gastric cancer screening.
Jpn J Clin Oncol 2008; 38: 259-267 [PMID: 18344316 DOI:
10.1093/jjco/hyn017]
Choi KS, Jun JK, Lee HY, Park S, Jung KW, Han MA, Choi IJ,
Park EC. Performance of gastric cancer screening by endoscopy
testing through the National Cancer Screening Program of Korea.
Cancer Sci 2011; 102: 1559-1564 [PMID: 21564421 DOI:
10.1111/j.1349-7006]
Pasechnikov V, Chukov S, Fedorov E, Kikuste I, Leja M.
Gastric cancer: prevention, screening and early diagnosis. World
J Gastroenterol 2014; 20: 13842-13862 [PMID: 25320521 DOI:
10.3748/wjg.v20.i38.13842]
Nashimoto A, Akazawa K, Isobe Y, Miyashiro I, Katai H, Kodera
Y, Tsujitani S, Seto Y, Furukawa H, Oda I, Ono H, Tanabe S,
Kaminishi M. Gastric cancer treated in 2002 in Japan: 2009 annual
report of the JGCA nationwide registry. Gastric Cancer 2013; 16:
1-27 [PMID: 22729699 DOI: 10.1007/s10120-012-0163-4]
An JY, Baik YH, Choi MG, Noh JH, Sohn TS, Kim S. Predictive
factors for lymph node metastasis in early gastric cancer with

WJG|www.wjgnet.com

17

18
19

20

21

22

7437

submucosal invasion: analysis of a single institutional experience.
Ann Surg 2007; 246: 749-753 [PMID: 17968165]
Roviello F, Rossi S, Marrelli D, Pedrazzani C, Corso G, Vindigni
C, Morgagni P, Saragoni L, de Manzoni G, Tomezzoli A. Number
of lymph node metastases and its prognostic significance in early
gastric cancer: a multicenter Italian study. J Surg Oncol 2006; 94:
275-280; discussion 274 [PMID: 16917863]
Pelz J, Merkel S, Horbach T, Papadopoulos T, Hohenberger W.
Determination of nodal status and treatment in early gastric cancer.
Eur J Surg Oncol 2004; 30: 935-941 [PMID: 15498637]
Songun I, Putter H, Kranenbarg EM, Sasako M, van de Velde CJ.
Surgical treatment of gastric cancer: 15-year follow-up results
of the randomised nationwide Dutch D1D2 trial. Lancet Oncol
2010; 11: 439-449 [PMID: 20409751 DOI: 10.1016/S14702045(10)70070-X]
Japanese Gastric Cancer Association. Japanese gastric cancer
treatment guidelines 2010 (ver. 3). Gastric Cancer 2011; 14:
113-123 [PMID: 21573742 DOI: 10.1007/s10120-011-0042-4]
Gotoda T, Yanagisawa A, Sasako M, Ono H, Nakanishi Y,
Shimoda T, Kato Y. Incidence of lymph node metastasis from early
gastric cancer: estimation with a large number of cases at two large
centers. Gastric Cancer 2000; 3: 219-225 [PMID: 11984739]
Lee JH, Choi IJ, Han HS, Kim YW, Ryu KW, Yoon HM, Eom
BW, Kim CG, Lee JY, Cho SJ, Kim YI, Nam BH, Kook MC. Risk
of lymph node metastasis in differentiated type mucosal early
gastric cancer mixed with minor undifferentiated type histology.
Ann Surg Oncol 2015; 22: 1813-1819 [PMID: 25344305 DOI:
10.1245/s10434-014-4167-7]
Kim BS, Oh ST, Yook JH, Kim BS. Signet ring cell type and other
histologic types: differing clinical course and prognosis in T1
gastric cancer. Surgery 2014; 155: 1030-1035 [PMID: 24792508
DOI: 10.1016/j.surg.2013.08.016]
Son SY, Park JY, Ryu KW, Eom BW, Yoon HM, Cho SJ, Lee JY,
Kim CG, Lee JH, Kook MC, Choi IJ, Kim YW. The risk factors
for lymph node metastasis in early gastric cancer patients who
underwent endoscopic resection: is the minimal lymph node
dissection applicable? A retrospective study. Surg Endosc 2013; 27:
3247-3253 [PMID: 23508816 DOI: 10.1007/s00464-013-2901-z]
Mönig SP, Zirbes TK, Schröder W, Baldus SE, Lindemann DG,
Dienes HP, Hölscher AH. Staging of gastric cancer: correlation of
lymph node size and metastatic infiltration. AJR Am J Roentgenol
1999; 173: 365-367 [PMID: 10430138]
Dassen AE, Lips DJ, Hoekstra CJ, Pruijt JF, Bosscha K. FDG-PET
has no definite role in preoperative imaging in gastric cancer. Eur
J Surg Oncol 2009; 35: 449-455 [PMID: 19147324 DOI: 10.1016/
j.ejso.2008.11.010]
Mochiki E, Kuwano H, Katoh H, Asao T, Oriuchi N, Endo K.
Evaluation of 18F-2-deoxy-2-fluoro-D-glucose positron emission
tomography for gastric cancer. World J Surg 2004; 28: 247-253
[PMID: 14961197]
Mukai K, Ishida Y, Okajima K, Isozaki H, Morimoto T, Nishiyama
S. Usefulness of preoperative FDG-PET for detection of gastric
cancer. Gastric Cancer 2006; 9: 192-196 [PMID: 16952037]
Cardoso R, Coburn N, Seevaratnam R, Sutradhar R, Lourenco
LG, Mahar A, Law C, Yong E, Tinmouth J. A systematic review
and meta-analysis of the utility of EUS for preoperative staging for
gastric cancer. Gastric Cancer 2012; 15 Suppl 1: S19-S26 [PMID:
22237654 DOI: 10.1007/s10120-011-0115-4]
Nakagawa M, Choi YY, An JY, Chung H, Seo SH, Shin HB, Bang
HJ, Li S, Kim HI, Cheong JH, Hyung WJ, Noh SH. Difficulty of
predicting the presence of lymph node metastases in patients with
clinical early stage gastric cancer: a case control study. BMC Cancer
2015; 15: 943 [PMID: 26625983 DOI: 10.1186/s12885-015-1940-3]
Song SY, Park S, Kim S, Son HJ, Rhee JC. Characteristics of
intramucosal gastric carcinoma with lymph node metastatic
disease. Histopathology 2004; 44: 437-444 [PMID: 15139991
DOI: 10.1111/j.1365-2559.2004.01870]
Park DJ, Lee HK, Lee HJ, Lee HS, Kim WH, Yang HK, Lee
KU, Choe KJ. Lymph node metastasis in early gastric cancer with
submucosal invasion: feasibility of minimally invasive surgery.

September 7, 2016|Volume 22|Issue 33|

Shida A et al . Surgical strategy for patients with early-stage gastric cancer

23

24

25

26

27

28

29

30

31

32

33

34

35
36

37

World J Gastroenterol 2004; 10: 3549-3552 [PMID: 15534904]
Fujii M, Egashira Y, Akutagawa H, Nishida T, Nitta T, Edagawa
G, Kurisu Y, Shibayama Y. Pathological factors related to lymph
node metastasis of submucosally invasive gastric cancer: criteria
for additional gastrectomy after endoscopic resection. Gastric
Cancer 2013; 16: 521-530 [PMID: 23179370 DOI: 10.1007/
s10120-012-0215-9]
Yi Kim D, Kyoon Joo J, Kyu Park Y, Yeob Ryu S, Soo Kim H,
Kyun Noh B, Hwa Lee K, Hyuk Lee J. E-cadherin expression
in early gastric carcinoma and correlation with lymph node
metastasis. J Surg Oncol 2007; 96: 429-435 [PMID: 17786966]
Park JH, Kim EK, Kim YH, Kim JH, Bae YS, Lee YC, Cheong
JH, Noh SH, Kim H. Epstein-Barr virus positivity, not mismatch
repair-deficiency, is a favorable risk factor for lymph node
metastasis in submucosa-invasive early gastric cancer. Gastric
Cancer 2015; Epub ahead of print [PMID: 26573601]
Amioka T, Kitadai Y, Tanaka S, Haruma K, Yoshihara M, Yasui
W, Chayama K. Vascular endothelial growth factor-C expression
predicts lymph node metastasis of human gastric carcinomas
invading the submucosa. Eur J Cancer 2002; 38: 1413-1419 [PMID:
12091074]
Shida A, Fujioka S, Kawamura M, Takahashi N, Ishibashi Y,
Nakada K, Mitsumori N, Omura N, Yanaga K. Prediction of lymph
node metastasis in patients with submucosa-invading early gastric
cancer. Anticancer Res 2014; 34: 4471-4474 [PMID: 25075087]
Hiratsuka M, Miyashiro I, Ishikawa O, Furukawa H, Motomura K,
Ohigashi H, Kameyama M, Sasaki Y, Kabuto T, Ishiguro S, Imaoka
S, Koyama H. Application of sentinel node biopsy to gastric cancer
surgery. Surgery 2001; 129: 335-340 [PMID: 11231462]
Kitagawa Y, Fujii H, Mukai M, Kubota T, Otani Y, Kitajima
M. Radio-guided sentinel node detection for gastric cancer. Br
J Surg 2002; 89: 604-608 [PMID: 11972551 DOI: 10.1046/
j.1365-2168.2002.02065]
Miwa K, Kinami S, Taniguchi K, Fushida S, Fujimura T,
Nonomura A. Mapping sentinel nodes in patients with early-stage
gastric carcinoma. Br J Surg 2003; 90: 178-182 [PMID: 12555293
DOI: 10.1002/bjs.4031]
Nimura H, Narimiya N, Mitsumori N, Yamazaki Y, Yanaga K,
Urashima M. Infrared ray electronic endoscopy combined with
indocyanine green injection for detection of sentinel nodes of
patients with gastric cancer. Br J Surg 2004; 91: 575-579 [PMID:
15122608 DOI: 10.1002/bjs.4470]
Ohdaira H, Nimura H, Mitsumori N, Takahashi N, Kashiwagi
H, Yanaga K. Validity of modified gastrectomy combined with
sentinel node navigation surgery for early gastric cancer. Gastric
Cancer 2007; 10: 117-122 [PMID: 17577622 DOI: 10.1007/
s10120-007-0419-6]
Kelder W, Nimura H, Takahashi N, Mitsumori N, van Dam GM,
Yanaga K. Sentinel node mapping with indocyanine green (ICG)
and infrared ray detection in early gastric cancer: an accurate
method that enables a limited lymphadenectomy. Eur J Surg
Oncol 2010; 36: 552-558 [PMID: 20452171 DOI: 10.1016/
j.ejso.2010.04.007]
Yano K, Nimura H, Mitsumori N, Takahashi N, Kashiwagi H,
Yanaga K. The efficiency of micrometastasis by sentinel node
navigation surgery using indocyanine green and infrared ray
laparoscopy system for gastric cancer. Gastric Cancer 2012; 15:
287-291 [PMID: 22041868 DOI: 10.1007/s10120-011-0105-6]
Mitsumori N, Nimura H, Takahashi N. Sentinel node navigation
surgery for early malignant tumor of the duodenum. Jikeikai Med J
2009; 56: 11-17
Ryu KW, Eom BW, Nam BH, Lee JH, Kook MC, Choi IJ, Kim
YW. Is the sentinel node biopsy clinically applicable for limited
lymphadenectomy and modified gastric resection in gastric cancer?
A meta-analysis of feasibility studies. J Surg Oncol 2011; 104:
578-584 [PMID: 21695700 DOI: 10.1002/jso.21995]
Mitsumori N, Nimura H, Takahashi N, Kawamura M, Aoki H,
Shida A, Omura N, Yanaga K. Sentinel lymph node navigation
surgery for early stage gastric cancer. World J Gastroenterol 2014;
20: 5685-5693 [PMID: 24914329 DOI: 10.3748/wjg.v20.i19]

WJG|www.wjgnet.com

38
39

40

41

42
43

44

45

46

47

48

49

50

51

52

53

7438

Kitaoka H, Yoshikawa K, Hirota T, Itabashi M. Surgical treatment
of early gastric cancer. Jpn J Clin Oncol 1984; 14: 283-293 [PMID:
6737715]
Kawamura M, Nakada K, Konishi H, Iwasaki T, Murakami
K, Mitsumori N, Hanyu N, Omura N, Yanaga K. Assessment of
motor function of the remnant stomach by ¹³C breath test with
special reference to gastric local resection. World J Surg 2014; 38:
2898-2903 [PMID: 24934641]
Folli S, Morgagni P, Roviello F, De Manzoni G, Marrelli D,
Saragoni L, Di Leo A, Gaudio M, Nanni O, Carli A, Cordiano C,
Dell’Amore D, Vio A. Risk factors for lymph node metastases and
their prognostic significance in early gastric cancer (EGC) for the
Italian Research Group for Gastric Cancer (IRGGC). Jpn J Clin
Oncol 2001; 31: 495-499 [PMID: 11696619 DOI: 10.1093/jjco/
hye107]
Abe N, Watanabe T, Suzuki K, Machida H, Toda H, Nakaya Y,
Masaki T, Mori T, Sugiyama M, Atomi Y. Risk factors predictive
of lymph node metastasis in depressed early gastric cancer. Am
J Surg 2002; 183: 168-172 [PMID: 11918883 DOI: 10.1016/
S0002-9610(01)00860-1]
Matsuzaki H, Kikuchi S, Kakita A. Evaluation of the morphology
of submucosal tumor invasion and its volume in early gastric
cancer. In Vivo 2003; 17: 41-44 [PMID: 12655788]
Abe N, Sugiyama M, Masaki T, Ueki H, Yanagida O, Mori T,
Watanabe T, Atomi Y. Predictive factors for lymph node metastasis
of differentiated submucosally invasive gastric cancer. Gastrointest
Endosc 2004; 60: 242-245 [PMID: 15278052 DOI: 10.1016/
S0016-5107(04)01682-7]
Hyung WJ, Cheong JH, Kim J, Chen J, Choi SH, Noh SH.
Application of minimally invasive treatment for early gastric
cancer. J Surg Oncol 2004; 85: 181-185; discussion 186 [PMID:
14991872 DOI: 10.1002/jso.20018]
Son HJ, Song SY, Kim S, Noh JH, Sohn TS, Kim DS, Rhee JC.
Characteristics of submucosal gastric carcinoma with lymph node
metastatic disease. Histopathology 2005; 46: 158-165 [PMID:
15693888 DOI: 10.1111/j.1365-2559.2005.02049]
Lo SS, Wu CW, Chen JH, Li AF, Hsieh MC, Shen KH, Lin HJ,
Lui WY. Surgical results of early gastric cancer and proposing a
treatment strategy. Ann Surg Oncol 2007; 14: 340-347 [PMID:
17094028 DOI: 10.1245/s10434-006-9077-x]
Kunisaki C, Akiyama H, Nomura M, Matsuda G, Otsuka Y, Ono
HA, Takagawa R, Nagahori Y, Takahashi M, Kito F, Moriwaki
Y, Nakano A, Shimada H. Lymph node status in patients with
submucosal gastric cancer. Ann Surg Oncol 2006; 13: 1364-1371
[PMID: 16957964 DOI: 10.1245/s10434-006-9061-5]
Li C, Kim S, Lai JF, Oh SJ, Hyung WJ, Choi WH, Choi SH,
Zhu ZG, Noh SH. Risk factors for lymph node metastasis in
undifferentiated early gastric cancer. Ann Surg Oncol 2008; 15:
764-769 [PMID: 18043971 DOI: 10.1245/s10434-007-9707-y]
Park YD, Chung YJ, Chung HY, Yu W, Bae HI, Jeon SW, Cho
CM, Tak WY, Kweon YO. Factors related to lymph node metastasis
and the feasibility of endoscopic mucosal resection for treating
poorly differentiated adenocarcinoma of the stomach. Endoscopy
2008; 40: 7-10 [PMID: 18210339 DOI: 10.1055/s-2007-966750]
Shen L, Huang Y, Sun M, Xu H, Wei W, Wu W. Clinicopatho
logical features associated with lymph node metastasis in early
gastric cancer: analysis of a single-institution experience in China.
Can J Gastroenterol 2009; 23: 353-356 [PMID: 19440566]
Morita H, Ishikawa Y, Akishima-Fukasawa Y, Ito K, Akasaka
Y, Nishimura C, Igarashi Y, Miki K, Ishii T. Histopathological
predictor for regional lymph node metastasis in gastric cancer.
Virchows Arch 2009; 454: 143-151 [PMID: 19104832 DOI: 10.1007/
s00428-008-0717-3]
Kunisaki C, Takahashi M, Nagahori Y, Fukushima T, Makino
H, Takagawa R, Kosaka T, Ono HA, Akiyama H, Moriwaki Y,
Nakano A. Risk factors for lymph node metastasis in histologically
poorly differentiated type early gastric cancer. Endoscopy 2009;
41: 498-503 [PMID: 19533552 DOI: 10.1055/s-0029-1214758]
Sung CM, Hsu CM, Hsu JT, Yeh TS, Lin CJ, Chen TC, Su MY,
Chiu CT. Predictive factors for lymph node metastasis in early

September 7, 2016|Volume 22|Issue 33|

Shida A et al . Surgical strategy for patients with early-stage gastric cancer

54

55

56

gastric cancer. World J Gastroenterol 2010; 16: 5252-5256 [PMID:
21049560 DOI: 10.3748/wjg.v16.i41.5252]
Lee K, Park DJ, Choe G, Kim HH, Kim WH, Lee HS. Increased
intratumoral lymphatic vessel density correlates with lymph node
metastasis in early gastric carcinoma. Ann Surg Oncol 2010; 17:
73-80 [PMID: 19777179 DOI: 10.1245/s10434-009-0707-y]
Lim MS, Lee HW, Im H, Kim BS, Lee MY, Jeon JY, Yang
DH, Lee BH. Predictable factors for lymph node metastasis in
early gastric cancer-analysis of single institutional experience. J
Gastrointest Surg 2011; 15: 1783-1788 [PMID: 21796460 DOI:
10.1007/s11605-011-1624-5]
Lee JH, Choi MG, Min BH, Noh JH, Sohn TS, Bae JM, Kim S.

57

58

Predictive factors for lymph node metastasis in patients with poorly
differentiated early gastric cancer. Br J Surg 2012; 99: 1688-1692
[PMID: 23023388]
Ren G, Cai R, Zhang WJ, Ou JM, Jin YN, Li WH. Prediction
of risk factors for lymph node metastasis in early gastric cancer.
World J Gastroenterol 2013; 19: 3096-3107 [PMID: 23716990
DOI: 10.3748/wjg.v19.i20.3096]
Feng H, Wang Y, Cao L, Zhang C, Sun B, Zhao Y, Xu J. Lymph
node metastasis in differentiated-type early gastric cancer: a singlecenter retrospective analysis of surgically resected cases. Scand J
Gastroenterol 2016; 51: 48-54 [PMID: 26200504 DOI: 10.3109/00
365521.2015.1054425]

P- Reviewer: Coccolini F, Ilson DH, Sendur MAN S- Editor: Ma YJ
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

7439

September 7, 2016|Volume 22|Issue 33|

World J Gastroenterol 2016 September 7; 22(33): 7440-7452
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.i33.7440

© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Immune checkpoint and inflammation as therapeutic
targets in pancreatic carcinoma
Shiro Kimbara, Shunsuke Kondo

Abstract

Shiro Kimbara, Shunsuke Kondo, Department of Experimental
Therapeutics, National Cancer Center Hospital, Tokyo 104-0045,
Japan

Pancreatic adenocarcinoma (PAC) is one of the
most deadly malignant neoplasms, and the efficacy
of conventional cytotoxic chemotherapy is far from
satisfactory. Recent research studies have revealed that
immunosuppression and inflammation are associated with
oncogenesis, as well as tumor development, invasion,
and metastasis in PAC. Thus, immunosuppressionrelated signaling, especially that involving immune
checkpoint and inflammation, has emerged as novel
treatment targets for PAC. However, PAC is an immuneresistant tumor, and it is still unclear whether immune
checkpoint or anti-inflammation therapies would
be an ideal strategy. In this article, we will review
immune checkpoint and inflammation as potential
targets, as well as clinical trials and the prospects for
immunotherapy in PAC.
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Core tip: Pancreatic adenocarcinoma is recognized
as one of the most malignant neoplasms, and more
efficacious treatment is desired earnestly. Recent
research studies have revealed that the development
and progression of pancreatic adenocarcinoma
are highly influenced by immune responses, and
inflammation is a critical promoter of the disease.
In this article, we highlighted the emergence of
immunosuppression-related signaling associated with
immune checkpoint and inflammation, as a novel
treatment target for cancer. Furthermore, the review
demonstrated that the current focus on therapeutic
strategies involving combination chemotherapy,
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When the costimulatory signal is an inhibitory pathway,
T cells suppress the immune response, and then
tumor cells are subsequently shielded from immune
surveillance. Immune checkpoint therapy blocks
this inhibitory signal and overcomes the immune
[4]
tolerance .
Among the numerous costimulatory molecules,
cytotoxic T-lymphocyte antigen (CLTA)-4 and pro
grammed cell death (PD)-1/PD-ligand (PD-L) 1 have
been established as treatment targets. Monoclonal
antibodies including ipilimumab, nivolumab, and pem
brolizumab blockade these molecules. These agents
inhibit costimulatory signals, which results in activation
of cytotoxic T lymphocytes (CTLs) against tumor cells.
These immune checkpoint blockade demonstrated
[5]
substantial efficacy in melanoma , non-small cell lung
[6]
[7]
cancer (NSCLC) , and renal cell cancer . Vigorous
research studies are currently ongoing in various
tumors.
However, immune checkpoint therapy may not
be effective in PAC, at least as a monotherapy. A
phase 2 trial evaluated the efficacy of ipilimumab in
[8]
advanced PAC , but no response was observed per
Response Evaluation Criteria In Solid Tumors at a dose
of 3.0 mg/kg. Furthermore, an anti-PD-L1 antibody
(BMS-936559) achieved no response (0/14) in a phase
[9]
1 trial of patients with PAC . Although several clinical
trials are currently ongoing, single immune checkpoint
blockade does not a promising option at this time.
The reason why immune checkpoint therapy is
not effective in PAC is unclear, but several hypotheses
have been proposed.
One possible reason is associated with PD-L1
expression. Several studies suggested that PD-L1
expression in tumor cells, detected by immunohisto
chemistry, is associated with responses to PD-1/PD-L1
[10]
blockade therapy . However, PD-L1 is expressed
[11]
in approximately 40% of pancreatic cancer cells .
In addition, PD-L1 expression can be induced by
oncogenic signaling independent of inflammatory
[12]
signaling . Therefore, the level of PD-L1 expression
in tumor cells alone cannot explain their resistance to
immune checkpoint therapy in PAC.
The second possible reason is associated with the
immune cell population in the tumor microenvironment
(TME), which consists of a highly complicated interaction
between tumor cells, immune cells, and stromal
cells. With regard to immune cells, from the early
tumorigenesis phase, myeloid-driven suppressor cells
(MDSCs), tumor-associated macrophages (TAMs), and
regulatory T cells (Tregs) occur in the TME. These cells
deactivate immune response by various mechanisms.
For example DMSCs have potent immunosuppressive
properties through the production of reactive oxygen
[13]
[14]
species , expression of arginase-1 , depletion of
[15]
cysteine , and suppression of CTLs. TAMs suppress the
function of T cells, NKT cells and NK cells by expression
of the ligand receptors for PD-1 and CTLA-4, and induce
[16]
apoptosis by expression of FASL and TRAIL . MDSCs

immunotherapy, and anti-inflammation therapy might
provide considerably more clinical benefits to patients
than current therapies.
Kimbara S, Kondo S. Immune checkpoint and inflammation
as therapeutic targets in pancreatic carcinoma. World J
Gastroenterol 2016; 22(33): 7440-7452 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i33/7440.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i33.7440

INTRODUCTION
Currently, pancreatic adenocarcinoma (PAC) is re
cognized as one of the most malignant neoplasms.
Most patients with PAC are diagnosed at an advanced,
incurable stage because of the absence of routine
screening and virtually no specific subjective symptoms
before tumor progression. Although advances in a
variety treatment approaches have improved the
therapeutic management, the 5-year survival rate for
patients with metastatic and recurrent PAC remains
[1]
lower than 5% .
For over a decade, gemcitabine monotherapy has
[2]
been a standard regimen for advanced PAC . Recently,
two pivotal studies demonstrated that FOLFIRINOX
and nab-paclitaxel plus gemcitabine are more effective
than gemcitabine monotherapy. However, these
combination regimens prolonged the survival by
only several months compared to gemcitabine with
[3]
significantly increased toxicities .
Recent research studies have revealed that the
development and progression of PCA are highly
influenced by immune responses, and inflammation is
a critical promoter of the disease. Therefore, targeting
immunosuppressive and inflammatory signaling
pathways may be a promising strategy. Here, we will
review immunotherapy, especially focusing on the
immune checkpoint and inflammatory signaling as
potential therapeutic targets in PAC.

IMMUNE CHECKPOINT THERAPY IN PAC
TO DATE
It is widely known that tumor cells escape from
the host immune surveillance, and some tumors
are resistant to the host immune responses. This
immune tolerance is closely associated with immune
checkpoints, which are inhibitory immune-related
pathways that are initiated by ligand-receptor inte
ractions between T cells and antigen-presenting
cells (APCs) or tumor cells. T cells recognize tumorassociated antigens (TAAs) presented by the major
histocompatibility complex class II from APCs or tumor
cells through the T-cell receptor. Simultaneously,
costimulatory signals are needed to determine whe
ther T cells activate or inhibit immune responses.
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and TAMs induce Tregs in TME. Tregs suppress APCs via
CTLA-4, secretion, secrete inhibitory cytokines (IL-10,
TGF-β and IL-35), express granzyme/perforin against
effector T cells, and inhibit differentiation of effector
[17]
T cells by IL-2 consumption by CD25 . All of these
functions provide immune suppressive environment.
On the other hand, few effector T cells, which play
essential roles in immune checkpoint therapy infiltrate
[18]
into the tumor tissue . This imbalanced immune cells
population tends to enhance immunosuppression and
interrupt immune checkpoint therapy.
The third possible reason is associated with stromal
cells in the TME. An abundance of desmoplastic stroma
is a distinctive feature of PAC. Desmoplastic stroma
consists of cancer-associated fibroblasts (CAFs) and
extracellular matrix (ECM) and immune cells. It is well
known that CAFs promote tumor progression through
the Hedgehog, Wnt/β-catenin, Notch, K-ras signaling
[19]
and the production of growth factors . In addition,
CAFs secrete chemokine ligand 12 (CXCL12) and
interleukin 17 (IL-17). These mediators suppress T
[19]
cells via chemokine receptor 4 (CXCR4) . The CXCR4CXCL12 axis may be related to resistance to immune
checkpoint therapy because the blockade of this signal
[20]
has a synergistic effect on anti-PD-1 therapy .
As mentioned above, PAC induces a highly immu
nosuppressive environment regulated by immune
cells, stromal cells, and mediators. This condition may
contribute to its resistance to immune checkpoint
therapy.

microsatellite instability (MSI) analysis. Microsatellite is
region of repetitive DNA, where hundreds to thousands
of somatic mutations are occurred in tumor with
MMR deficiency. Condition of accumulation of somatic
mutations in microsatellite is referred to as MSI,
and MSI reflects MMR deficiency. Of the 41 patients,
32 had colorectal cancers, which were regarded as
immune resistant tumors. Eleven patients had MMRdeficient colorectal cancer and 21 had MMS-proficient
forms. The remaining nine patients had MMR-deficient
noncolorectal cancer. PAC was not included in the
trial. They reported that the immune-related objective
response was 40% in the patients with MMR deficiency,
while patients without MMR deficiency did not achieved
any response. Therefore, MMR status can be a useful
predictive marker for pembrolizumab therapy. That
is why PAC with MSI expects to be sensitive to PD-1
[23]
therapy. However, PAC with MSI is extremely rare
and, therefore, this enrichment strategy based on MSI
examination may not be realistic.
Another approach to overcome the resistance to
immune checkpoint therapy is establishment of more
potent treatment. Combination immunotherapy is
currently emerging as a promising treatment. However
determining the most effective combinations is a
challenge. Candidates for combination therapy with
immune checkpoint inhibitors are (1) cytotoxic agents;
(2) other immune checkpoint inhibitors; (3) direct
cytotoxic T cell stimulators; (4) cancer vaccines; and
(5) radiation (Tables 1 and 2). Rationales and problems
of each combination therapy are discussed here.

OVERCOMING RESISTANCE TO IMMUNE
CHECKPOINT THERAPY

Combination therapy with cytotoxic regimens

Originally, it was thought that cytotoxic agents
impaired immunity due to myelosuppression, and
combination of cytotoxic agents and immunotherapy
was not desirable. Accumulating evidences suggest
that cytotoxic agents affect the immune system
differentially; sometimes they act on the activate
[24]
tumor immunity and other times on the inactivate .
Gemcitabine, oxaliplatin, irinotecan, 5-FU, and
paclitaxel (nab-paclitaxel) are key drugs in the
treatment of PAC. Preclinical data showed that these
agents have immune effects such as enhancement
of cellular immunity, augmentation of dendritic
cell maturation, and reduction of MDSC and Tregs
[25]
(reviewed by Duffy et al ). These findings suggest
cytotoxic agents may be good partners of immune
checkpoint therapy. In fact, a synergistic effect was
observed with the combination of ipilimumab and
[26]
cytotoxic agents in a preclinical tumor model .
In addition, randomized phase 2 trial showed that
combination ipilimumab and CP (paclitaxel and
carboplatin) improved immune-related progressionfree survival (irPFS) compared to CP alone in
[27]
NSCLC .
The results of the phase 1 trial of the combination
of ipilimumab and gemcitabine (NCT01473940)

Comprehensive research studies have revealed
strategies to overcoming the resistance to immune
checkpoint therapy. One approach involves the es
tablishment of a positive predictive biomarker for
immune checkpoint therapy. Expression of PD-L1 may
be one candidate predictive marker. In NCSLC, several
trials have reported that the objective response rate is
associated with PD-L1 expression, although conflicting
[21]
evidence exists . However, as mentioned above,
it is unclear whether the expression of PD-L1 could
serve as a useful biomarker in patients with PAC. In
addition, the standard immunohistochemical tests for
the determination of PD-L1, and the cut off for PD-L1
positive status have not been established yet.
Another candidate predictive marker is the mis
match repair (MMR) status of DNA. MMR deficiency
leads to a high number of somatic mutations in
tumors. Theoretically, accumulation of these somatic
mutations can be recognized by the patient’s immune
[22]
system. Le et al hypothesized that tumors with MMR
deficiency are sensitive to immune checkpoint therapy,
and initiated a phase 2 trial in which pembrolizumab
was administered to 41 patients with or without MMR
deficiency. In that trial, MMR status was assessed by
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Table 1 Rationales of each combination therapy
Treatments
Checkpoint inhibitor plus cytotoxic agents

Rationales

Concerns

Enhance cellular immunity

Efficacy may be influenced by timing when cytotoxic
agents add
Severe myelosupression may interrupt immune
checkpoint therapy

Augment dendritic cell maturation

Combination with checkpoint inhibitors

Checkpoint inhibitor plus T cells stimulate
agents
Checkpoint inhibitor plus cancer vaccine
Radiotherapy

Reduce MDSC and Tregs
Decreases CAF
Activate tumor immunity by different mannar
Provide synergy efficacy even in immune
resistant tumor
Activate tumor immunity by different mannar
Deactive Tregs
Increase the presentation of taas
Enhance PD-L1 expression
Enhance cross priming of ctls
Enhanse abscopal effect

ir AE will increase

Severe AE including cytokine storm may occur

Optimal schedule and dose are not established

MDSC: Myeloid-driven suppressor cell; CAF: Cancer-associated fibroblast; Tregs: Regulatory T cells.

Table 2 Problems of each combination therapy
Treatment
Checkpoint inhibitor plus cytotoxic agents
Ipilimumab (anti-CDLA-4)
Gemcitabine
Nivolumab (anti-PD-1)
Nab-PTX ± gemcitabine
Combination with checkpoint inhibitors
Nivolumab (anti-PD-1)
Ipilimumab (anti-CTLA-4)
MEDI4736 (anti-PD-1)
Tremelimumab (anti-CTLA-4)
Nivolumab (anti-PD-1)
BMS-986016 (anti-LAG-3)
PDR001 (anti-PD-1)
MBG453 (anti-TIM-3)
Ipilimumab (anti-CDLA-4)
MGA271 (anti-B7-H3)
Pembrolizumab (anti-PD-1)
MGA271 (anti-B7-H3)
Checkpoint inhibitor plus T cells stimulate agents
Nivolumab (anti-PD-1)
Urelumab (anti-4-1 BB)
Pembrolizumab (anti-PD-1)
Urelumab (anti-4-1 BB)
Tremelimumab (anti-CTLA-4)
MEDI6469 (anti-OX-40
MEDI4736 (anti-PD-L1)
MEDI6469 (anti-OX-40)
Tremelimumab (anti-CTLA-4)
CP-870,893 (anti-CD40)
Checkpoint inhibitor plus cancer vaccine
Ipilimumab (anti-CTLA-4) + GVAX
FOLFIRINOX followed by
Ipilimumab (anti-CTLA-4) + GVAX
Nivolumeb (anti-PD-1) + GVAX
Checkpoint inhibitor plus raditaion
Ipilimumab + radiation

Disease

Phase

Clinical trial
number

Status

PC

1

NCT01473940

Ongoing

PC

1

NCT02309177

Ongoing

TNBC, GC, PC,
SLCL. BC, OC
Solid tumor

1, 2

NCT01928394

Ongoing

1

NCT02261220

Ongoing

Cervical cancer, BC, CRC, HN, GC,
HCC, melanoma, NSCLC
Solid tumors

1, 2

NCT01968109

Ongoing

1, 2

NCT02608268

Ongoing

B7-H3 expressing tumors (melanoma,
HN, NSCLC)
B7-H3 expressing tumors
(melanoma, HN, NSCLC)

1, 2

NCT02381314

Ongoing

1, 2

NCT02475213

Ongoing

Solid tumors, B-cell NHL

1, 2

NCT02253992

Ongoing

Solid tumors

1

NCT02179918

Ongoing

Solid tumors

1, 2

NCT02205333

Ongoing

Solid tumors

1, 2

NCT02205333

Ongoing

Melanoma

1

NCT01103635

Ongoing

PC
PC

2
2

Ref 58
NCT01896869

Terminated
Ongoing

PC

2

NCT02243371

Ongoing

Melanoma
Melanoma
NSCLC
Melanoma

1
2
2
2

NCT01557114
NCT016899747
NCT0221739
NCT01970527

Terminated
Terminated
Ongoing
Ongoing

BC: Bladder cancer; CRC: Colorectal cancer; HN: Head and neck cancer; NSCLC: Non-small cell lung cancer; OC: Ovarian cancer; PC: Pancreatic cancer;
SCLC: Small cell lung cancer.
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and combination therapy with tremelimumab
(CTLA-4 blocking IgG2 antibody) and gemcitabine
for advanced PAC were reported that both regimens
were well tolerated. However, tremelimumab and
gemcitabine achieved responses in only 10.5%,
which appeared comparable to the effects of
[28]
gemcitabine monotherapy . Nab-paclitaxel, which
[29]
decreases CAFs in preclinical PAC model , is also a
promising combination candidate. A phase 1 study of
combination therapy with nivolumab and nab-paclitaxel
with or without gemecitabine is currently ongoing
(NCT02309177). Phase 2 trial of FOLFIRINOX followed
by ipilimumab with tumor vaccine for metastatic PAC is
also ongoing (NCT01896869).
To develop this combination therapy, there are two
challenges that need to be overcome; determining
what cytotoxic agents to combine and when to use
the cytotoxic agent combination. Several studies
reported that the absolute lymphocyte count had a
positive relationship with improved OS in patients with
[30]
melanoma who were treated with ipilimumab . Thus,
cytotoxic agents with high myelotoxicity may not be
desirable. In addition, the timing of the combination
may affect efficacy. Phased combination improved
the irPFS, but the concurrent combination did not, in
[27]
NSCLC phase 2 trial .

evaluated in a phase 1 trial for NSCLC and renal cell
[35,36]
cancer
, and phase 3 trials are currently ongoing.
For other tumors including PAC, a phase 1/2 trial
to evaluate the tolerability and efficacy of the same
regimen tumors is currently ongoing (NCT01928394).
Phase 2 trial of durvalumab (MEDI4736, antiPD-1 IgG1 mAb) with tremelimumab (anti-CTLA-4
IgG2 mAb) for advanced PAC is also ongoing
(NCT02558894).
A critical issue in this combination therapy is
increased toxicity. Compared to monotherapy,
combination therapy was associated with increased
serious adverse events (AEs) and discontinuation of
[34]
treatment due to AEs . Whether this combination
therapy has a good risk/benefit balance or not in PAC is
unclear.
Lymphocyte-activation gene 3 (LAG-3) and T-cell
immunoglobulin and mucin domain 3 (TIM3) signaling
are other immune checkpoint targets. Preclinical
studies showed that dual blockade of PD-1 and
[37]
[38]
LAG-3 , and PD-1 and TIM3
induce a synergistic
effect in controlling tumor growth. These combination
therapies have been evaluated in phase 1 trials
such as nivolumab plus BMS-986016 (anti-LAG-3)
(NCT01968109 (PAC was not included) and PDR001
(anti-PD-1) plus MBG453 (anti-TIM-3) (NCT02608268).
Furthermore, recent studies implicated the B7-H3
and B7-H4 pathways in the progression of pancreatic
cancer and the blockade of these signaling pathways is
[39]
a novel treatment target . In future, B7-H3 or B7-H4
inhibitors may become combination partners with
other immune checkpoint inhibitors.

Combination therapy with immune checkpoint signaling
blockers

Although both PD-1 pathway and CTLA-4 pathway
are related to the regulation of T cell function, the
[31]
mechanisms of action of each are different . Das
[32]
et al
reported that CTLA-4 blockade leads to a
proliferative signature predominantly in a subset of
transitional memory T cells, whereas PD-1 blockade
leads to changes in genes implicated in cytolysis and
NK cell function in vivo. Thus, dual blockade therapy
is a reasonable strategy and may have synergistic
efficacy. In a melanoma model, combination blockade
was related to prolonged survival, proliferation, and
enhanced function of CD8+ and CD4+ cells, and
[31]
increased ratio of effector T cell /Treg and MDSCs .
[32]
Das et al
also reported that combination blockade
is associated with changes in plasma chemokine and
cytokine compared to mono blockade. Lussier et
[33]
al
showed that combination blockade with CTLA-4
and PD-L1 (ligand of PD-1) antibody could achieve
complete control of an osteosarcoma model whereas
mono blockade could not. These preclinical data
suggest that combination blockade with CTLA-4 and
PD-1 may have more potent efficacy, even for immune
resistant cancer including PAC, than monotherapy.
Several clinical trials showed the efficacy of
combination blockade therapy. A phase 3 trial of
combination therapy with ipilimumab and nivolumab
showed that combination therapy provided greater
clinical benefits than ipilimumab monotherapy did in
[34]
melanoma . The same combination regimen was
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Combination therapy with direct cytotoxic T cell
stimulators

The immune system is regulated both by immuno
suppressive signaling and by immunoreactive signaling.
Immune checkpoint signaling is an example of
immunosuppressive signals. On the other hand, active
costimulatory signaling activates an immune response,
which is contrary to immune checkpoint signaling.
This costimulatory signaling is associated with the
tumor necrosis family receptors superfamily (TNFRSF).
TNFRSF proteins play an important role in B and T
cell development, survival, and antitumor immune
[40]
response . In addition, some TNFRSFs are involved in
[41]
the deactivation of Tregs . Therefore, TNFRSF agonists
activate tumor immunity, and their combination with
immune checkpoint therapy is promising.
TNFRSF include 4-1BB, OX-40, GITR, CD27, GITR,
TNFRSF25, and CD40. Several antibodies that act as
TNFRSF agonist have been evaluated in clinical trials,
combined with immune checkpoint therapy. Urelumab
(BMS-663513) and PF-05082566 are agonistic 4-1 BBspecific antibodies. In a preclinical model, a combination
of a 4-1BB agonist and PD-1antagonist enhanced the
antitumor effector/memory T-cell activity. This activity
was observed in a poorly immunogenic melanoma
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[42]

model without severe toxicity . Thus, the combination
of uretinib with nivolumab or PF-05082566 with
pembrolizumab is reasonable. These combinations have
been investigated in phase 1 trials (NCT02253992 and
NCT02179918).
OX-40 agonists can be good partners with both
CTLA-4 antagonist and PD-L1 antagonist. The com
bination of OX-40 agonist with CTLA-4 antagonist
[43]
enhanced therapeutic efficacy , whereas the com
bination of an OX-40 agonist with a PD-L1 antagonist,
restored the functions of exhausted CD8+ T cells in
[44]
preclinical models . MEDI6469, an OX40‑specific
antibody, in combination with tremelimumab or
MEDI4736 (an anti- PD-L1 antibody) were investigated
in a phase 1 trial (NCT02205333). This study was
completed in April 2016, and the results are currently
awaited.
The monoclonal CD40 agonist antibody, CP-870,893
in combination with gemcitabine was well tolerated and
associated with antitumor activity in patients with PAC
[45]
in a phase 1 trial . The combination of tremelimumab
and CP-870,893 demonstrated safety and clinical
activity in patients with melanoma reported in a 2015
American Association for Cancer Research (AACR)
annual meeting. As far as we know, there is no clinical
trial of investigating the combination of a CD40 agonist
and PD-1/PD-L1 antagonist.
Targeting TNFRSF requires close patient monitoring
to avoid overstimulating the immune system. Notably,
treatment with TGN1412, an antibody against the
CD28 receptor, led to a cytokine storm in a phase 1
[46]
trial .

the efficacy of GVAX (with cyclophosphamide) with or
without nivolumab was compared in phase 1/2 trial
(NCT02451982). In addition, a phase 2 trial of GVAX
vaccine (with cyclophosphamide) and CRS-207 with or
without nivolumab in advanced PAC is ongoing.
Moreover, triple therapy, PD-1 and CLTA-4 blockade
with GVAX was better than dual blockade therapy was
[50]
in a preclinical setting . As far as we know, this triple
therapy has not been translated to the clinical setting.

Combination therapy with radiotherapy

Radiotherapy is a good candidate combination partner
for immune checkpoint therapy for two reasons. First,
radiation facilitates the cross-priming of CTLs, and
secondly, radiation has an abscopal effect.
Radiation enhances cross-priming of CTLs in two
ways. When radiation induces tumor cell apoptosis,
calreticulin is displayed on the surface of tumor cells,
which acts as an “eat me” signal to DCs. This signal
facilitates the cross-priming of CTLs. In addition,
radiation induces the release of danger-associated
molecular patterns (DAMPs) including ATP and
HMGB-1. These DAMPs are endogenous immune
adjuvants that stimulate DC activation, facilitating
[51]
cross-priming of CTLs .
The abscopal effect is a phenomenon in which a
primary tumor is irradiated and a response is observed
at distant metastatic sites outside of the radiation field.
The mechanism of this phenomenon is not understood
completely, but it may be mediated by immunologic
[51]
mechanisms, especially T cells . The abscopal effect
was reported in several types of cancer including
melanoma, lymphoma, and renal cell carcinoma. In
PAC, the abscopal effect was reported in a xenograft
[52]
model .
Synergistic effects of immune checkpoint blockade
[53]
and radiation were reported by Dewan et al .
CTLA-4 blockade acts synergistically with radiation
to induce an abscopal response in preclinical models
of poorly immunogenic cancers. In addition, Postow
[54]
et al
reported a case of the abscopal effect in an
advanced melanoma patient treated with ipilimumab
and radiotherapy. The efficacy of radiotherapy with
immune checkpoint therapy has been evaluated in
melanoma, castration-resistant prostate cancer, and
NSCLC. A randomized phase 3 trial compared radiation
with ipilimumab to radiation alone was conducted
in prostate cancer, but there was no significant
[55]
difference in OS between the two arms . Other trials
are ongoing. Optimum radiation schedule, dose, or
risk benefit balances of combination therapy remain
unknown.

Combination therapy with cancer vaccines

Cancer vaccines stimulate the immune system to
[47]
produce tumor-specific T and B cells
by increasing
the presentation of TAAs to the immune system. In
general, cancer vaccine therapies are well tolerated
because the vaccines are very specific. The most
promising vaccine is GVAX, which is a whole cell
vaccine composed of two irradiated cancer cell lines
and engineered to express GM-CSF. GVAX induces
movement of effector T cell to the TME and PD-1/
PD-L1 mediated signaling. Thus, immune checkpoint
therapy and GVAX have synergistic antitumor effects.
This combination was compared to single ipilimumab
for advanced PAC in a randomized phase 2 trial. The
combination therapy achieved CA19-9 biochemical
response and prolonged the patient survival, although
[48]
not significantly . Multicenter phase 2 study is
ongoing, in which FOLFIRINOX followed by ipilimumab
with GVAX is being compared to FOLFIRINOX alone.
PD-1 blockade therapy and GVAX may be more
a desirable combination than ipilimumab and GVAX,
regarding efficacy and toxicity. Preclinical data showed
that GVAX enhances PD-L1 expression, PD-1/PD-L1
blockade with GVAX (with cyclophosphamide) overcomes
the immunosuppressive situation including Treg and
[49]
CTLA4 expression on T cells . In a neoadjuvant setting,

WJG|www.wjgnet.com

INFLAMMATION IN PANCREATIC
CANCER
Inflammation contributes to carcinogenesis and
tumor progression. It is widely known that PAC is
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Figure 1 Various inflammation-associated signaling pathways activated in Kras mutant pancreatic cancer cells, as novel treatment targets. CXCL5:
C-X-C motif chemokine ligand 5; ERK: Extracellular signal-regulated kinase; IL: Interleukin; JAK: Janus kinase; NF-kB: Nuclear factor kappa-light-chain-enhancer of
activated B cells; STAT: Signal transducer and activator of transcription; TNF: Tumor necrosis factor; TNF-R: TNF-receptor.

associated with both systemic and TME inflammation.
The influence of systemic inflammation has been
investigated in the clinical setting. On the other hand,
the importance of inflammation in the TME has been
implicated mainly in preclinical models.
Multiple large studies demonstrated that ele
vated systemic inflammatory markers are a negative
prognostic factors in various cancers. This negative
impact is particularly strong in patients with PAC. We
previously reported that elevated C-reactive protein
and pentraxin 3 were prognostic factors in of advanced
[56]
PAC . In addition, CRP and hypoalbuminemia are
the defining measures used by the modified Glasgow
[57]
Prognostic Score (mGPS) . The validation of mGPS
has been examined in more than 60 studies and over
30000 patients across multiple tumor types and clinical
[58]
settings . Systemic inflammation is also related to
malignancy-associated symptoms including cachexia,
muscle loss, poor performance status, fatigue, cognitive
[59]
dysfunction, and reduced quality of life .
On the other hand, inflammation in the TME is
associated with numerous tumor-promoting effects
including enhancement of proliferative signaling,
resistance to apoptosis, enhancement of angiogene
[60]
sis , and modulation of antitumor immunity to support
[61]
immune evasion . Inflammation in the TME consists
of crosstalk between tumor, stromal, and immune cells.
Crosstalk is conducted by inflammatory mediators.
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Thus, inflammatory mediators are considered potential
treatment targets. These target include the activating
oncogene (Kras), tumor suppression gene (tumor
protein p53 [TP53] and mothers against decapentaplegic
homolog 4 [SMAD4]), chemokines (CXCR2 ligands),
cytokines (interleukin [IL]-6 and IL-1), and downstream
effectors (STAT3 and nuclear factor kappa-light-chainenhancer of activated B cells [NF-κB], Figure 1).

CXCR2 and CXCLs

Chemokines are small-molecular-weight cytokines.
Chemokines and their receptors play a role as
inflammatory mediators. In malignant conditions,
CXCLs and CXCR2 are of particular importance. CXCR2
is a G-protein-coupled cell surface chemokine receptor
commonly found on neutrophils. In normal physiology,
CXCR2 signaling is important for neutrophil migration
in acute inflammation or wound healing. Ligands of
CXCR2 (CXCLs) are ELR motif positive chemokines.
CXCLs include CXCL-1, 2, 3, 5, 6, and 8 (IL-8).
CXCR2 signal is upregulated during the primitive
stage of PAC development, and this signaling maintains
the feed-forward loop in PAC cells and this autocrine
effect of CXCR2 signaling promotes transformation and
[62]
progression of PAC . In addition to inducing direct
effects, CXCR2 signaling also promotes the progression
[63]
of PAC indirectly to affect the TME .
CXCLs also play important roles. CXCL5 and
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[64]

CXCL8 expression in tumors are elevated , and
overexpression of CXCL5 is associated with poor
[65]
survival . CXCL5 also activates several pathways
including the protein kinase B (Akt), extracellular
signal-regulated kinase (ErK), and STAT in human
[65]
endothelial cells .
Moreover, Kras mutation is the most important
oncogene-related factor in PAC, and Kras presents
[66]
in more than 90% of PAC from the early stage .
Kras signaling involves various downstream effectors
including Raf/Mek/Erk, PI3K/Pdk1/Akt, and the Ral
[67]
guanine nucleotide exchange factor pathway . Kras
also plays important roles in inflammatory responses.
When mutant Kras expression remains activated,
the stimulation of the hedgehog signaling pathway,
upregulation of inflammatory mediators IL-6, STAT3,
and cyclooxygenase (COX)-2 are observed. In addition,
when Kras becomes inactivated, the expression of
[68]
these inflammatory mediators decreases . These
findings suggests that Kras mutation is related to the
coordination of the inflammatory response in PAC.
Although oncogenic Kras is required for initiation,
maintenance and progression in PAC, pharmacological
inhibition of KRAS continues to be challenging. Recent
studies have revealed the association between CXCR2
signaling, Kras mutation, and tumor progression.
Activated Kras enhances CXCLs in pancreatic epithelial
[69]
cells . Preclinical models also showed that inhibition
of CXCR2 signaling regulates Kras-induced autocrine
growth of PAC and disrupts the tumor-stromal
interaction, suppresses metastases and improves
[62]
survival in preclinical models . These findings suggest
CXCR2 signaling is a surrogate target of Kras in PAC.
Interestingly, CXCR2 inhibition may enhance the
[70]
efficacy of PD-1 blockade therapy. Steele et al
and
[71]
Highfill et al reported that combination therapy with
anti-CXCR2 and anti-PD-1 improved survival compared
to anti-PD-1 monotherapy in a preclinical model. The
reason for this synergistic effect is thought to be the
inhibition of CXCR2, which prevents MDSCs trafficking
to the TME and increases activated CD8+ cells within
the tumor.
However, no clinical trial has evaluated the efficacy
of CXCR2 signaling blockade in malignant tumors.
Several CXCR2 antagonists were evaluated in clinical
[72]
trials for chronic obstructive pulmonary disease .

and JAK2, which leads to the phosphorylation of
STAT-1 and 3, which plays an important role in tumor
growth, survival, angiogenesis, and metastasis. In
addition, IL-6 signaling activates the Ras-mitogenactivated protein kinase (MAPK) and phosphoinositide
[76]
3-kinase (PI3K)-Akt signaling cascades , which
is associated with antiapoptotic and tumorigenic
functions. Furthermore, IL-6 contributes to creating
a pro-tumorigenic TME by enhancing the expression
[77]
of IL-10, IL-13, IL-5, IL-7, and GM-CSF . In
patients with PAC, high serum IL-6 was related to
cachexia, progression to an advanced stage, and poor
[78]
survival . Thus, IL-6 signaling has emerged as a
treatment target of PAC.
Siltuximab (CNTO328) is a chimeric anti-IL-6monoclonal antibody, which binds strongly to IL-6 and
neutralizes its activity and, thereby, promotes tumor
cell death. The safety and efficacy of monotherapy with
siltuximab were evaluated in phase 1/2 trials. Because
IL-6 has a significant role in mutant Kras-driven
tumorigenesis, patients with Kras-mutant tumors
including PAC, NSCLC, colorectal, head, and neck
cancers received siltuximab in the phase 1 expansion
and phase 2 cohorts. Unfortunately, no objective
response was observed in any of the 84 patients.
Therefore, no further trial is planned with this drug for
[79]
solid tumors . However, siltuximab was approved
for the treatment of human immunodeficiency virus
negative and human herpes virus (HHV)-8 negative
multicentric Cattleman’s disease by the United States
[80]
Food and Drug Administration (FDA) in 2014 .
In addition, siltuximab is a promising agent for the
treatment of B-cell non-Hodgkin’s lymphoma and
multiple myeloma.
Tocilizumab is a humanized antibody that acts as
an antagonist of the IL-6 receptor while clazakizumab
is a glycosylated anti-IL-6 monoclonal antibody.
Both agents have shown efficacy in the treatment of
[81]
rheumatoid arthritis . Currently, there are no ongoing
clinical trials to evaluate the efficacy of both agents
in solid tumors. However, anti-IL-6 and anti-IL-6R
antibodies may be useful in cancer-related cachexia.
[82]
Ando et al
reported a case of a patient with lung
cancer who had cachexia, and whose symptoms
[82]
were rapidly palliated by the use of tocilizumab .
Clazakizumab was well tolerated in a phase 2 trial
(NCT00866970), and it improved the tumor-related
[83]
symptoms of patients with NSCLC .
[84]
In PAC, the sources of IL-6 are myeloid cells
[76]
and CAFs . These cells are components of the TME.
Recent studies revealed that a somatostatin analog
SOM230 (pasireotide) inhibits protein synthesis in
[85]
activated CAFs, and decreases IL-6 secretion . Thus,
targeting CAFs is another strategy to regulate IL-6. At
the ASCO 2015 annual meeting, the results of a phase
1 trial were reported showing that the combination
of SOM230 with FOLFIRI was well tolerated for gas
trointestinal malignancies including PAC. In addition,

IL-6

IL-6 is a proinflammatory cytokine produced by
various cells including macrophages, hepatocytes,
[73]
and pancreatic cancer cells . In PAC, IL-6 plays
a multifunctional role in the development and
progression of PAC by directly affecting the tumor
[74]
cells as well as modulating the TME . Although
several molecules including mesothelin and receptor
for advanced glycation end products influence IL-6
expression, the most important enhancer of IL-6 is
[75]
Kras . IL-6 signaling activates Janus kinase (JAK)-1
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combination of SOM230 LAR and gemcitabine was also
well tolerated and achieved a disease control rate of
[86]
68% for patients with advanced PAC .

(NCT02550327, NCT02021422) as well.

JAK/STAT

The JAK/STAT pathway is an emerging and promi
sing treatment target of PAC. JAKs are a family of
cytoplasmic tyrosine kinases that consist of four
members, JAK1, JAK2, JAK3, and Tyk2. In addition,
the STATs, which are a family of downstream
[94]
transcription factors for JAKs , have dual roles as
cytoplasmic signal transduction molecules and nuclear
transcription factors. Both intrinsic and extrinsic
pathways activate JAK/STAT signaling. Abnormalities
of the JAK/STAT pathway contribute directly to cellular
transformation, increased cell proliferation, apoptosis,
and angiogenesis in cancer. In addition, STAT3 induces
the expression of various cytokines, chemokines,
and other mediators including IL-6 and COX-2, which
are associated with cancer-promoting inflammation.
Importantly, the receptors for numerous cytokines,
chemokines, and mediators in turn further activate
STAT3, thereby forming autocrine and paracrine feedforward loops that result in a stable change that
[95]
promotes cancer-related inflammation .
Among the several JAK/STAT signaling targeted
drugs, the development of ruxolitinib is the most
advanced. Ruxolitinib is a potent JAK1/JAK2 inhibitor
and deregulator of JAK/STAT signaling. In a randomized
phase 2 study, 127 patients with metastatic gemcitabinerefractory PAC were administered capecitabine plus
either ruxolitinib or a placebo. In the intent-to-treat
population, the addition of ruxolitinib to capecitabine did
not demonstrate any significant improvement in the OS
or PFS. However, in a prespecified subgroup analysis
of patients whose serum CRP level was greater than
that of the study population median, the OS was
significantly longer in the combination arm compared
to the monotherapy arm. A post hoc analysis indicated
that ruxolitinib achieved a longer OS in patients with
high mGPS, representing a more severe systemic
inflammation. Two randomized, double-blind phase 3
trials with ruxolitinib or placebo in combination with
capecitabine in patients with PAC patients who failed to
respond to first-line chemotherapy (the JANUS 1 and
JANUS 2 Studies) are currently ongoing. Based on the
previous phase 2 trial, the selection criteria in these
studies included an mGPS of 1 or 2 (NCT02119663,
NCT02117479). A phase 1b study of the safety
and tolerability of ruxolitinib in combination with
gemcitabine with or without nab-paclitaxel in advanced
solid tumors is also currently ongoing. (NCT01822756).
Treatments with other novel JAK inhibitor are also
being investigated.

NF-κ B

NF-κB is a transcription factor that plays critical roles
in inflammation, cell production and differentiation,
[87]
immune responses, and cancer . In cancer cells,
the oncogenic role of NF-κB includes the promotion of
cell proliferation, control of apoptosis, stimulation of
angiogenesis, and metastasis. NF-κB transcriptional
factor is constitutively activated in most patients with
[88]
PAC . Kras mutation in PAC induces the secretion
of the cytokine IL-1α, which further leads to the
ubiquitination of the TNF receptor-associated factor
6 (TRAF6) and activation of inhibitor of nuclear factor
kappa-B kinase subunit-β. This further activates NFκB to induce its target genes including the protein p62,
which in turn positively regulates TRAF6 ubiquitination
and promotes the constitutive NF-κB. This feed[89]
forward loop leads to PAC development . In addition,
NF-κB functions as a crucial link between pancreatic
inflammation and PAC.
Several previous trials examined the role of antiTNF directed therapy in the treatment of pancreatic
cancer and cachexia, and the efficacy of antiTNF targeted therapy in PAC was controversial.
Thalidomide is an immunomodulatory agent known
to decrease TNF levels. A randomized and double
blind phase 2 study of thalidomide demonstrated an
improvement in weight and lean body mass at 8 wk
[90]
compared to the placebo . In contrast, a placebocontrolled randomized phase 2 study of gemcitabine
and infliximab, a monoclonal antibody that blocks TNF,
did not show a benefit in preserving lean body mass
[91]
or survival . Etanercept is a recombinant human
TNF receptor that specifically binds to soluble TNF and
biologically inactivates it by blocking its interaction with
cell surface TNF receptors. Recently, the safety and
efficacy of etanercept combined with gemcitabine were
[92]
evaluated in a phase 1/2 study . This combination
was well-tolerated; however, etanercept did not
show a significant enhancement of the activity of
[92]
gemcitabine . These results imply that targeting TNF
alone is not sufficient for an antitumor response or
reversal of cachexia.
Another proposed target is IL-1. Aanakinra is a
recombinant, non-glycosylated synthetic form of
the human IL-1β receptor antagonist. This agent
has been approved by the FDA for the treatment of
neonatal-onset multisystem inflammatory disease
and rheumatoid arthritis. In a preclinical model,
anakinra significantly decreased NF-κB, and its coadministration with gemcitabine reduced the tumor
[93]
burden . Several early clinical trials to evaluate
the safety and efficacy of anakinra are currently
ongoing. For PAC, treatment with anakimura plus a
conventional cytotoxic regimen are under investigation
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CONCLUSION
Various research studies have revealed that immuno
suppression and inflammation play critical roles in
oncogenesis, development, invasion, and metastasis in
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PAC. Understanding the complicated crosstalk between
the immune and stromal cells would certainly lead to the
development of effective treatment strategies. However,
single immune checkpoint therapy may not achieve
the desired clinical benefits. Combination therapy with
immune chokepoint blockers and other agents or antiinflammation targeted therapy are expected to provide
considerable clinical benefits to patients with PAC.
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Gastrointestinal perforations, which need to be
managed quickly, are associated with high morbidity
and mortality. Treatments used to close these
perforations range from surgery to endoscopic therapy.
Nowadays, with the development of new devices and
techniques, endoscopic therapy is becoming more
popular. However, there are different indications and
clinical efficacies between different methods, because
of the diverse properties of endoscopic devices and
techniques. Successful management also depends
on other factors, such as the precise location of the
perforation, its size and the length of time between the
occurrence and diagnosis. In this study, we performed
a comprehensive review of various devices and intro
duced the different techniques that are considered
effective to treat gastrointestinal perforations. In
addition, we focused on the different methods used to
achieve successful closure, based on the literature and
our clinical experiences.
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Core tip: We introduce and discuss endoscopic
devices and techniques used to treat gastrointestinal
perforations, based on the literature and our clinical
experiences. Endoscopists should avoid causing
perforations, especially during therapeutic procedures.
Sometimes, an intentional perforation is necessary
for the complete removal of a tumor. However, the
integrity of the mucosa should be considered, and the
retained mucous membrane could contribute to the
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and our previous experience. We hope to provide
advice for physicians that allows them to choose the
appropriate method to close perforations effectively
and improve the success rate of endoscopic closure.

effective closure of the perforation after full-thickness
resection. We also provide advice for choosing the
appropriate method to close perforations effectively.
Li Y, Wu JH, Meng Y, Zhang Q, Gong W, Liu SD. New devices
and techniques for endoscopic closure of gastrointestinal
perforations. World J Gastroenterol 2016; 22(33): 7453-7462
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i33/7453.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
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NEW DEVICES AND TECHNIQUES
Endoclip techniques

Clipping techniques for the endoscopic closure of
gastrointestinal perforations are the most common
[11,28,29]
treatment methods
. From treating gastrointestinal
bleeding to perforations, endoscopic clips have an
increasingly important role. Conventional endoscopic
clips, also known as through-the scope clips (TTSC), can
effectively close perforations of the esophagus, stomach,
[5,6,9,19,30-32]
duodenum and colon
. There was no failure in
three patients with esophageal perforations following
EMR managed by endoclips, as reported by Shimizu
[5]
[33]
et al . Sekiguchi et al
had also reported complete
[34,35]
endoscopic closures of gastric perforations
.
Attention should be paid conservatively to those
patients with a medical history of laparotomy, because
[33]
[36]
closure failed in one such patient . Yang et al
demonstrated a success rate of 95.5% with effective
clipping for colonoscopy-associated perforations. When
the tissues around the edge of defect were inflamed or
indurated, closing the perforation using endoclips may
be difficult.
A combination of clips and other devices and
techniques is used common to close certain special
[37]
perforations. Tanaka et al
applied clips and a
detachable snare to close a large esophageal per
[37,38]
foration that was difficult to manage using alone
.
Using a two-channel scope, clips were placed at equal
distances to fix the detachable snare around the
defect. When the rubber stopper was tightened, the
[38]
perforation was closed successfully . Endoloop and
metallic clip interrupted sutures have also been used
[39]
to close gastric perforations. Shi et al
proved that
using an endoloop and metallic clip interrupted suture
to repair gastric defects resulting from endoscopic
full thickness resection (EFTR) was safe, easy and
feasible. The endoloop was anchored to both sides of
the defect using two clips. After the maneuver was
repeated sufficiently around the defect, the endoloop
was tightened, closing the defect. This method proved
to be safe and quick, with the only side effects being
slight abdominal pain and fever in the early days of
recovery.
Large mucosal defect areas usually occur during
ESD. A new closure device, named the loop clip, was
[40]
designed to close large mucosal defect after ESD .
The loop clip is anchored to the edge of the mucosal
defect at the distal side, and then a normal clip is
inserted and attached at the proximal side, after which
the nylon loop attached to the loop clip is first grasped.
The first conventional endoscopic clip is placed beside
the deployed loop clip to bring the distal edge to the
proximal side. Next, a second clip is placed beside

INTRODUCTION
Gastrointestinal perforation is defined as the presence
of gas or luminal contents outside the gastrointes
tinal tract. In recent years, the high incidence of
gastrointestinal perforations has received more
and more attentions. The absolute number of
perforations is likely to increase because of the
widespread implementation of endoscopic screening
programs and the expansion of the indications for
[1]
endoscopic therapy . Gastrointestinal perforations
can be caused by a number of factors, such as
iatrogenic factors, spontaneity, foreign body, trauma
[2-4]
and surgery . Among these etiologies, iatrogenic
factors contribute most to the increased incidence
of perforations. These iatrogenic factors include
endoscopic examination, endoscopic mucosal resection
(EMR), endoscopic submucosal dissection (ESD),
peroral endoscopic myotomy, endoscopic retrograde
cholangiopancreatography (ERCP), stricture dilation,
[2,5-9]
foreign body removal and malignant tumors
.
The incidence of iatrogenic perforations varies in
diagnostic and therapeutic endoscopy, ranging from
[10,11]
0.029% to 5%
. With the developments of new
devices and techniques, endoscopic closure has been
considered as the primary method and should be a
priority option compared with surgery or conservative
[12-14]
treatments
. Endoscopic closure has advantages,
such as high success rate, minimally invasion, short
hospitalization and low medical expense. Based on the
latest studies, endoscopic devices and techniques are
considered to be a safe and effective measure to close
[15-27]
gastrointestinal perforations
. In our previous work,
we used multiple-band ligators to repair successfully
[27]
a lateral duodenal ERCP-related perforation . The
overall rate of successful endoscopic closure has been
reported as approximately 89.9%, with different
devices and techniques having success rates ranging
[4]
from 87.5% to 100% . Many studies have described
various kinds of endoscopic devices and techniques.
However, there is no systematic introduction to the
latest developments in devices and techniques.
Recently, we reported two new techniques to close a
perforation and used them successfully. In this study,
we introduce and summarize different endoscopic
devices and techniques based on the latest research
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Figure 1 Over the scope clip system and clips applied to make a successful closure. A: When endoscopic submucosal dissection (ESD) was performed for a
lesion located in gastric antrum, a large perforation occurred, which was about 30 mm × 15 mm; B: The omentum majus could be seen through the perforation; C: It
was difficult to make complete closure using only endoclips, and the over the scope clip (OTSC) system was applied to close the perforation. However, only partial
closure was achieved because the perforation was too large; D: Eight endoclips were then used to make a complete closure.

the loop clip on the opposite side of the first clip. This
operation is repeated until the whole defect is closed.

resection and a large perforation occurred. OTSC and
clips were then applied to achieve a successful closure
(Figure 1).
All of these new devices and techniques have good
efficacy for closing different large and complicated
perforations. However, whether they can be used
widely in the clinic treatment or whether further clinical
studies are required remains a mater of debate.
How to choose an appropriate clipping technique
to treat a perforation? Normal endoclips are suggested
for use when the diameter of the perforation is less
than 10-20 mm. OTCS clips are suitable to close a
perforation with a diameter less than 30 mm or when
the edge of mucosa is swollen and invaginating. Larger
perforations can be closed effectively by a combination
of clips and other devices or techniques.
In a conclusion, compared with other endoscopic
devices and techniques, clipping techniques are used
much more commonly to close perforations. They
have become the first choice for most situations that
involve closing a perforation, instead of surgery or
[41]
conservative treatment .

Over the scope clip system

Unfortunately, gastrointestinal perforations are
sometimes too difficult to manage using endoclip
techniques or nylon loops. The over the scope clip
(OTSC) system can be more effective than TTSC in
an emergency or in a complex situation. OTSC is
more suitable for larger defects and is more effective
for closing a fistula. The principle of OTSC system
depends on its twin grasper. When the graspers are
released to grasp the sides of the lesion, they are
retracted completely and the perforation is closed.
The advantages of OTSC system were demonstrated
[8]
in the case report by Ono et al . Using the OTSC
system, they closed a esophageal perforation that
involved esophageal stenosis. Although the OTSC
system is useful to solve difficult cases, it does have
certain limitations. It is hard to remove the clips
once they are placed, and the grasper is not flexible
enough to rotate. We usually apply the OTSC system
in complex situations, for example if the perforation is
large or is difficult to manage by endoclips. Recently,
we closed a large perforation successfully during ESD.
The submucosal tumor (SMT) was about 20 mm and
originated from the deep muscularis propria layer. To
remove the tumor completely, we made a full thickness
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Self-expanding metal and plastic stents

Recently, temporary stent placement has emerged
as another endoscopic treatment for patients with
perforations. There are two main types of stents with
different shapes: fully covered self-expanding metal/
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plastic stents (fSEMS/ fSEPS) and partially covered
[2,20,23,42]
self-expanding metal stents (pSEMS)
. Fully
covered ones have the advantages of good draina
ge and closure of the perforation without obvious
[23,43]
complications
. Unfortunately, they nearly all of
these types of stents have a high migration rate that
[43-45]
delays the recovery
. pSEMS have a very low
migration rate compared with the fully covered ones.
Nevertheless, it is a great challenge to remove them
[46]
because of tissue embedding . Nevertheless, they
provide a further choice of method for patients and
in some situations they function better than other
devices and techniques when used correctly. From
the literature and our clinical experiences, stents are a
good choice for esophageal perforations with stenosis,
where the defect’s diameter is more than 20-30 mm
and there are malignant lesions around the defect.
Gastric perforations near the pylorus, perforation
caused by dilating an anastomotic stricture and
perforation that are not close to the duodenal ampulla
are suitable for stent treatment.
[20]
Kumbhari et al
reported that an iatrogenic
pharyngoesophageal perforation was closed by fSEMS
after three days. The lack of working space and risk
of pulmonary aspiration made it almost impossible to
apply endoscopic clips, OTSC or endoscopic suturing.
This case highlighted the importance of using stents
[21]
instead. Ribeiro et al
closed a large fistula perfectly
using a combination of fibrin glue, a partially covered
stent and a biological patch. Stents are much more
effective for esophageal perforations, having a 100%
success rate from a technical aspect. Generally
speaking, when stents were used to treat upper
gastrointestinal perforations, anastomotic leaks and
fistulas, the success rate ranged from 65% to 88%,
[23]
with different migration rates .

management of a duodenal perforation is much more
difficult than the others, the patient’s perforation was
closed perfectly by the EBL technique, without any
symptoms after six months. We revealed that EBL
might be easier and faster than endoclipping, and
could be considered as the primary repair method for
[27]
duodenal perforations .
[54]
Han et al carried out a case study to evaluate the
clinical efficacy and safety of EBL in gastric perforations
when endoclips closure failed. Successful closures were
achieved in all cases. However, the number of patients
was limited and the study was not a comparative
[55]
study. Han et al
also reported similar case studies
for colon perforations and obtained the same results.
[56]
Moon et al
also used the EBL technique to close
a rectal perforation caused by ESD, with reasonably
good results.
There is no doubt that new devices and techniques
have limitations. EBL may prolong the hospital stay
by binding together more tissue than required. In
[25,26,54]
addition, it can cause injury to adjacent organs
.
Further studies and developments are needed to
expand EBL’s clinical use.

Biological glue

Among numerous tissue sealants, biological glue,
a mixture of fibrinogen and thrombin, is used
[2,3,57]
widely
. Originally, the fibrin glue was used in
the area of gastroduodenal ulcer bleeding, wound
healing and bleeding caused by resections of the
[58]
gastrointestinal tract . Fibrin glue can form a clot in
vivo and can be fully reabsorbed by macrophages after
[59,60]
approximately two weeks
. The fibrin glue can
promote the growth of proliferating cells and increase
[61]
the number of microvessels . In addition, the use of
fibrin glue induces the upregulation of growth factors’
expressions, which contribute to healing defects and
[61,62]
stopping bleeding
.
Many recent studies have verified the efficacy of
[57]
biological glue to close GI defects. Kotzampassi et al
gained a 96.8% success rate among 63 patients with
[59]
anastomotic leaks. Mutignani et al
obtained similar
results using for fibrin glue to treat GI perforations.
All six patients in his study had refractory postERCP bleeding and were treated with fibrin glue.
The study revealed that fibrin glue might provide a
new therapeutic choice to cure ERCP-related type 1
[59]
perforations after the failure of clipping techniques .
Biological glue is mainly applied to close fistulas and
leaks. However, its use to close GI perforations has
been rarely reported and deserves further exploration.
To improve the efficacy of biological glue, Doyama
[63]
et al
adopted a treatment comprising polyglycolic
acid (PGA) sheets, fibrin glue and clips. This technique
solved the problems of gravitational influence on PGA
and the weakness of clips to close larger defects of
[32]
more than 30 mm in diameter . Although biological
glue seems inspiring and easy to apply, it does have
disadvantages. Whether biological glue is suitable

Endoscopic band ligation

Endoscopic band ligation (EBL) is one of the firstline choices for the management of gastroesophageal
[47]
varices and variceal hemorrhage in cirrhosis . EBL is
also safe and effective to treat dieulafoy lesions and
[48-50]
diverticular bleeding
. Furthermore, EBL is also
shows promise as an effective and safe treatment
[51-53]
for gastric small gastrointestinal stromal tumors
.
In recent years, EBL has been used to close GI
perforations, such as gastric, duodenal, colonic and
rectal perforations. In most cases, EBL is an alternative
choice to close those perforations after failure of metal
clips. According to studies worldwide, perforations
could be closed with a very high success rate when
EBL was applied. EBL is easy, safe, quick and effective.
[26]
Lee et al compared the EBL technique with endoclips
for the closure of colonic perforations. Closure by EBL
was faster than closure by endoclipping (3.2 ± 1.7
min vs 6.8 ± 1.3 min, p < 0.01). Our group reported
the successful closure of a lateral duodenal perforation
by EBL after endoscopic clipping failed because of the
[27]
fragile edge of the tear . Although the endoscopic
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for retroperitoneal perforations and how to handle
emergencies involving fibrin clot infection remain
unknown. In addition, the frequent use of fibrin glue
[59,60]
might increase surgical difficulties
.

As mentioned above, most of gastrointestinal
perforations are iatrogenic and therapeutic endoscopyrelated perforations are the most important factors.
The integrity of the gastric mucosa is not consciously
emphasized in the current endoscopic resection, which
usually leads to mucosal defects and perforations.
Recently, we proposed a new method, termed
endoscopic mucosa-sparing lateral dissection, to
remove SMTs, which not only retains an intact mucous
membrane, but also provides a good operating field
during the procedure. In addition, the retained mucous
membrane contributed to the effective closure of
the perforation after full-thickness resection for a
[74]
tumor that originated from the deep layer . In our
experience, endoscopists should avoid perforation
consciously, especially during therapeutic procedures.
Sometimes, intentional perforation is necessary to
completely remove the tumor. However, the integrity of
the mucosa should be considered because a retained
mucous membrane contributes to successful closure.
To date, we have applied this method to close large
perforations in four patients, and all the perforations
were successfully managed (Figure 2).

Innovative endoscopic devices for suturing

At present, there are a number of innovative endoscopic
devices for suturing. The Bard EndoCinch suturing
[64]
device (Davol, Cranston, RI, United States)
is still
used commonly. However, most of the suturing devices
developed in last two decades are cumbersome and
expensive, and more and more physicians are searching
[65]
for simple but useful suturing devices .
[65]
Bergström et al
conducted a clinical study using
a new, simple stitching technique. The technique relied
on two threads in the tissue on each side of a defect,
and then the stitching technique locked the threads
[65-67]
and finally the defect was closed perfectly
. It
was used successfully to treat three patients with
a duodenal perforation, an upper-GI vessel leak
and an anastomosis leak. This technique does not
need multiple and complicated devices to close the
[65,66]
perforation and is more effective
. Nevertheless,
its limitations are obvious. It takes more time to finish
the operation and it is clumsy to suture in the gastric
fundus, suggesting that this device needs further
[68]
improvement. Moran et al
designed a cap-type
suturing device based on natural orifice transluminal
[69,70]
endoscopic surgery (NOTES)
. This suturing
device could have a great ability to close full-thickness
perforations effectively and efficiently compared with
[68,71,72]
most of the other endoscopic devices
. The device
consists mainly of a dual channel, a tissue retractor or a
grasping forceps, and a detachable needle tip attached
with suture material, making it easy to use. After the
forceps grasp one side of the defect, the reloaded
needle tip is passed through the tissue surface and
then the same operation is done on the other side of
the defect. When the grasping forceps are retracted,
the suture ends are pulled tight to close the defect. In
[68]
Moran et al ’s study, it was effective and universally
adaptable to almost all kinds of endoscopes, providing
additional suture choices. This technique requires
considerable technical skill, for example, having a good
command of the methods for tying a knot. Mori et
[73]
al performed a study on 30 excised swine stomachs
to investigate properties of their innovative devices
termed the double-arm-bar suturing system (DBSS).
The results showed that the efficacy of DBSS was
nearly equal to hand-sewn sutures. Although better
efficacy was achieved in the OTSC group, according to
the statistical results, DBSS performed much better at
closing perforations larger than 20 mm.
Although many useful and innovative endoscopic
devices for suturing have been reported, large-scale
clinical applications have not yet been carried out and
the long-term safety and efficacy of these devices
require further evaluation.
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CHOICES OF ENDOSCOPIC DEVICES
AND TECHNIQUES IN PATIENTS WITH
DIFFERENT GASTROINTESTINAL
PERFORATIONS
Esophageal perforations

The European Society of Gastrointestinal Endoscopy
(ESGE) suggests that endoscopic dilations, mucosal
resection/submucosal dissection and foreign body
removal should be considered to carry an increased
[11]
risk of esophageal or gastric perforation . Most
esophageal perforations are iatrogenic. As mentioned
above, there are many methods to close esophageal
perforations. TTSC is suitable for closing defects with
a diameter less than 10 mm and OTSC performs well
in closing perforations with swollen and everted edges
or those with a diameter less than 30 mm. In addition,
esophageal stents show great advantages in handling
perforations with malignant lesions or stenosis.
Endoscopic devices for suturing can be applied for
lesions less than 20 mm. Particular attention should be
paid as follows: (1) The use of endoscopic techniques
may be challenging in the proximal esophagus
because of space constraints and patient intolerance;
a conservative treatment should be considered in
stable patients; (2) stent fixation with clip application
or suturing techniques may be useful to prevent
migration of the stent; and (3) fibrin glue application
has been reported for the closure of esophageal
perforations, but experiences are limited.

Gastric perforations

Gastric perforations are most often related to
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A

B

C

D

Figure 2 Successful closure of large perforations in a patients. A: There was a submucosal tumor located in the gastric fundus, which was about 15 mm × 12
mm and originated from the deep muscularis propria; B: An intentional perforation occurred during the procedure for full-thickness resection; C: A larger perforation
was left after complete removal of the tumor. However, the mucosa over the tumor was kept intact; D: We use the retained mucosa to cover the perforation and the
wound was successfully covered by the intact mucosa combined with several endoclips.

therapeutic procedures, including gastroenteric
[75]
anastomosis dilation (2%) ; overdistension during
argon plasma coagulation or cryotherapy (< 0.5%);
standard snare polypectomy; EMR (0.5%) and more
[11,76,77]
frequently, ESD
. Compared with esophageal
perforations, more methods are available for closure
of gastric perforations. TTSC clips alone are not
recommended for perforations of more than 10 mm.
In the case of perforations measuring 10-30 mm,
the OTSC system has been the most evaluated and
should be recommended. If the OTSC technique is
unavailable, the combined technique using TTSC clips
plus endoloop can be recommended. Techniques
combining omental patches or nylon rope with clips
are also good choices to close defect greater than 10
mm. Endoscopic suturing is required to close post-ESD
defects. Stents are an option for perforations near the
pylorus, or caused by dilating an anastomotic stricture.
Evidence supporting the use of endoscopic band
ligation for gastric perforations is scarce, and requires
further exploration. Particular attention should be paid
as follows: (1) most perforations of the stomach are
small defects that occur during EMR, ESD procedures;
(2) intentional perforation during endoscopic resection
is becoming more frequent, and the integrity of the
mucosa should be emphasized; (3) closing perforations
in the proximal stomach might be challenging; and (4)
EBL for gastric perforation closure has been reported,
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but experiences are limited.

Duodenal perforations

In the case of the immediate recognition of a perfo
ration, an endoscopic closure should be attempted;
however, this is effective in a minority of cases only
[11]
(22%) . Reports about new devices and techniques
for the endoscopic closure of duodenal perforations
are relatively rare. TTSC clips alone are recommended
for perforations less than 10 mm. In the case of
perforations measuring 10-30 mm, TTSC clips
combined with endoloops or the OTSC system should
be considered. EBL could be attempted when clips fail,
but is not recommended routinely. If the iatrogenic
perforation is diagnosed several hours after endoscopy
and the patient shows symptoms of generalized
peritonitis and/or sepsis, the only option is surgery.
Particular attention should be paid as follows: (1) the
use of a transparent cap might be helpful in difficult
locations; (2) closure of medial duodenal wall defects
with clips may be challenging because of the risk of
clipping the ampulla and anatomic location; and (3)
a nasoduodenal drain to divert pancreatic and biliary
secretions may be beneficial.

Colonic perforations

ESGE recommends that complex EMR, ESD and
balloon dilation procedures should be considered to
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carry increased risk of colorectal perforation. Risk
factors include female gender, presumably related to
pelvic adhesions; major co-morbidities; inflammatory
[78-81]
bowel disease; and older age
. TTSC is suitable to
close small holes and the OTSC system is useful for
larger ones. Clipping plus endoloops can also close
large colonic perforations. EBL is verified to be useful
for this type defects, but more evidence is needed.
Particular attention should be paid as follows: (1)
asymptomatic patients with retroperitoneal air alone
require no additional treatment; (2) the success rate
of endoscopic closure is higher when the perforation is
recognized and managed during the same procedure;
and (3) large vertical perforations should be closed
from top to bottom, and horizontal perforations should
be clipped from left to right.

4

CONCLUSION
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6

7

8

It is sometimes difficult to decide which device or
technique is the best method for endoscopic closure
of gastrointestinal perforations. In general, the
decision to attempt endoscopic closure of an iatrogenic
perforation depends on multiple factors, including the
location, size and the cause of the perforation, the
endoscopist’s experience and the accessories available
at the time. The devices and techniques discussed in
this study may not apply in all situations and should
be interpreted in the light of specific clinical situations.
With the rapid development of new endoscopic devices
and techniques, more and more perforations can be
managed well by endoscopy. However, more attention
should be paid to avoid perforation during endoscopic
procedure. Occasionally, intentional perforation is
necessary to completely remove a tumor. However,
the integrity of the mucosa should be considered:
the retained mucous membrane can contribute to
successful closure. We introduced and discussed
endoscopic devices and techniques in this review, with
the aim of providing more information about choosing
the appropriate method to close perforations effectively
and perfectly. Undoubtedly, further, large, randomized,
controlled trials are needed to compare the clinical
efficacies of the different endoscopic techniques in
every situation.
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REVIEW

Role of bile acids in carcinogenesis of pancreatic cancer:
An old topic with new perspective
Hui-Yi Feng, Yang-Chao Chen
well documented, but their role in pancreatic cancer
remains unclear. In this review, we examined the
risk factors of pancreatic cancer. We found that
bile acids are associated with most of these factors.
Alcohol intake, smoking, and a high-fat diet all lead
to high secretion of bile acids, and bile acid metabolic
dysfunction is a causal factor of gallstones. An
increase in secretion of bile acids, in addition to a long
common channel, may result in bile acid reflux into
the pancreatic duct and to the epithelial cells or acinar
cells, from which pancreatic adenocarcinoma is derived.
The final pathophysiological process is pancreatitis,
which promotes dedifferentiation of acinar cells into
progenitor duct-like cells. Interestingly, bile acids act as
regulatory molecules in metabolism, affecting adipose
tissue distribution, insulin sensitivity and triglyceride
metabolism. As a result, bile acids are associated with
three risk factors of pancreatic cancer: obesity, diabetes
and hypertriglyceridemia. In the second part of this
review, we summarize several studies showing that
bile acids act as cancer promoters in gastrointestinal
cancer. However, more question are raised than have
been solved, and further oncological and physiological
experiments are needed to confirm the role of bile
acids in pancreatic cancer carcinogenesis.
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Core tip: Bile acids bridge the gap between risk factors
and pancreatic cancer, providing a new horizon in
pancreatic cancer carcinogenesis.
Feng HY, Chen YC. Role of bile acids in carcinogenesis of
pancreatic cancer: An old topic with new perspective. World J
Gastroenterol 2016; 22(33): 7463-7477 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i33/7463.htm DOI:

Abstract
The role of bile acids in colorectal cancer has been
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tivating the enzyme . Second, alcohol has an in
hibitory effect on gallbladder contraction, leading to
a decrease in the amount of bile acid moving into the
duodenum. Subsequently, enterohepatic circulation of
bile acids is interrupted, resulting in reduced feedback
inhibition of bile acid synthesis. Long-term alcohol
intake results in prolonged low-dose exposure of the
pancreatic epithelial cells to bile acids, which activate
intracellular signaling pathways. Equilibrium of the
alcohol-bile acids-microbiome axis must be taken
into account in the relationship between bile acids
and alcohol intake. After consumption of alcohol,
fecal deoxycholic acid (DCA), one type of secondary
bile acid, increased 3-4 times that of the control
[7]
groups . Secondary bile acids play an important role
[11]
in shaping the gut microbiome , which is critical for
the gut barrier. Additionally, the acute effects of alcohol
administration directly impair the duodenum and
[12]
jejunum barrier . Gut barrier injury leads to changes
in gut permeability, resulting in an increase in serum
[13]
DCA levels and systemic inflammation .

http://dx.doi.org/10.3748/wjg.v22.i33.7463

INTRODUCTION
Pancreatic cancer mortality is the fourth leading cause
of cancer deaths in males and females and accounts
[1]
for 7% of all deaths in cancer patients . Therapeutic
strategies for these cancers are well developed, but
the death rates of pancreatic cancer have remained
stable from 1930 to 2011 due to delayed diagnosis
and elusive mechanisms of cancer initiation and
progression. Pancreas is a retroperitoneal organ,
located behind the stomach and in front of the spine.
Because of the relatively large space around this
organ, pancreatic tumors do not generally cause
obstructive symptoms or pain. Moreover, the pancreas
contains two types of cells, exocrine and endocrine
cells. Most pancreatic tumors are pancreatic duct
adenocarcinomas, which originate in exocrine cells,
with no changes in hormone secretion. Therefore,
early diagnosis of pancreatic cancer is difficult due to a
lack of symptoms. Most pancreatic cancer is diagnosed
at a late, inoperable, and incurable stage. Scientists
have sought to identify early diagnostic markers and
to elucidate the underlying mechanisms of pancreatic
cancer initiation and progression. Etiological studies
have identified a number of risks for developing
pancreatic cancer, including (1) alcohol intake; (2)
smoking; (3) diet (high-fat and red meat); (4) obesity;
(5) diabetes; (6) gallstones; (7) long common channel
of the biliary duct and the pancreatic duct; (8) chronic
pancreatitis; (9) hypertriglyceridemia; and (10) other
risks, including age and sex, race (black population),
non-O blood type, autoimmune disease, hereditary
[2]
pancreatitis, and infectious disease . Notably, 60% of
[3]
pancreatic cancers occur in the head of the pancreas ,
which is close to the bile tracts, suggesting that bile
[4,5]
acids may play a role in pancreatic cancer formation .
Bile acids were first proposed as a carcinogen in the
[4]
1940s . Since then, increasing evidence has shown
that bile acids, particularly secondary bile acids, play
important roles in the carcinogenesis in gastrointestinal
[4]
[6]
cancers and breast cancer . We review the systemic
and local effects of bile acids in pancreatic cancer
initiation and progression and propose that bile acids
have key roles in different metabolic and oncogenic
pathways (Figure 1).

Bile acids and smoking

Epidemiological and clinical studies have indicated that
smoking is a risk factor for pancreatic cancer. Recent
reports have shown that nicotine stimulates mutated
K-ras activation, as well as other mutations associated
with pancreatic cancer, including those in p53, COX-2,
[14,15]
SMAD4 and p16INK4A
. However, little is known
about the mechanisms of how smoking causes gene
mutation and pancreatic cancer formation. Bile acid
concentration in the stomach of smokers is significantly
higher than that in non-smokers, and this trend is
[16]
found even when not actually smoking . Additionally,
nicotine induces gastric acid secretion, leading to a
[17]
significant drop in the pH of the stomach . Gastric
acid is a strong regulator of the secretion of bile acids.
However, bile acid reflux into the pancreatic duct is
associated with intraductal papillary carcinoma in the
[18]
pancreas . Further investigations are still needed
to determine whether smoking also leads to bile
acid reflux to the pancreatic duct. Overall, the above
findings are not convincing evidence of the association
between smoking and pancreatic cancer initiation.
The local effects of bile acids, which are induced by
smoking, on pancreatic cancer formation may be
overestimated, but nicotine may act on pancreatic cells
via blood circulation delivery.

Bile acids and diet

SYSTEMIC EFFECT OF BILE ACIDS

Little is known about how diet is associated with
cancer formation, partly because there is high
variation in diets. The basic function of bile acids is
to promote the absorption of dietary fat and help
absorb fat-soluble vitamins, as well as to regulate
cholesterol metabolism. Dietary fat, which is the
strongest regulator, induces secretion of bile acids into

Bile acids and alcohol intake

A large body of evidence has shown that alcohol
intake significantly increases blood and intestinal bile
[7,8]
acids levels . Alcohol induces bile acid secretion via
[9]
two pathways . First, alcohol increases cholesterol
7α-hydroxylase synthesis, rather than directly ac
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Local tissue effect
(cell proliferation ↑
Apoptosis ↓
COX-2 ↑ PGE2 ↑
MMP ↑
erBb2/EGFR ↑)

Alcohol intake
Smoking
Diet (high fat)

Systemic inflammation

Obesity

FXR/TGR5
Microbiota
Bile acids ↑

Insulin resistance → Diabetes

Hypertriglyceridemia

Gallstone

Pancreaticobiliary reflux ↑

Acute pancreatitis

Chronic pancreatitis

Pancreatic duct adenocarcinoma

Figure 1 Bile acids are in the central position of oncogenic and metabolic pathways. MMP: Matrix metalloproteinase; FXR: Farnesoid X nuclear receptor;
TGR5: Takeda G-protein receptor 5.

the duodenum, resulting in an elevated fecal bile acid
concentration. Vegetables and carbohydrates, which
do not induce secretion of bile acids, are not associated
[19]
with pancreatic cancer . Approximately 95% of bile
acids are reabsorbed into the intestine and transported
to the liver. During this process, bile acids also escape
into blood circulation. Studies have shown that the
plasma bile acid concentration is correlated with the
[20]
fecal concentration
due to intestinal epithelial cell
exposure to bile acids. Accumulating evidence has
shown that excess bile acids are associated with colon
cancer initiation. However, the pancreas does not
directly contact bile acids. How diet-induced bile acids
promote pancreatic cancer formation, through local
effects (by bile reflux) or though systemic effects (by
circulation), remains unknown.

(4) sex hormones; (5) circulating adipokines; and
[21]
(6) white adipose tissue-derived progenitor cells .
Type 2 diabetes is cause by insulin resistance, with
hyperinsulinemia. Approximately half of individuals
[22]
with diabetes are obese , and up to 60% of diabetes
[23]
cases are caused by obesity . A recent study revealed
that type 2 diabetes results from chronic inflammation
[24]
caused by obesity . Above all, when deeply studying
the mechanism of these two diseases, it is difficult
to identify which is the original metabolic defect,
hyperinsulinemia or insulin resistance, and which is
secondary. We hypothesize that hyperinsulinemia is
[25]
the original defect . In parallel, obesity is a complex
and multifactorial metabolic disease. Here, we only
discuss diet-induced obesity and review several bile
acid-related factors.
In addition to the important role of bile acids in
nutrient absorption, accumulating evidence indicates
that bile acids play key roles in glucose and lipid
metabolism. The concentration of deoxycholic
acid, a secondary bile acid, is elevated in type 2
diabetes, along with elevation of the hydrophobic
[26]
12a-hydroxylated bile acids . In vivo, ob/ob mice
[27]
also had elevated plasma bile acids . Bariatric
[28]
surgery
and bile acid binding resins improve
[29]
insulin resistance
and ameliorate obesity and type
2 diabetes, indicating that changes in bile acid flow
or compositions promote remission of metabolic

Bile acids and obesity, diabetes, and
hypertriglyceridemia

Metabolic syndrome includes the following disorders:
abdominal obesity, hypertension, hyperglycemia,
hypertriglyceridemia, and low serum high-density
protein. Metabolic syndrome and prediabetes share
the same disorders. Thus, we here discuss obesity,
diabetes and hypertriglyceridemia at the same time.
Possible mechanisms linking obesity and cancer
include: (1) Insulin or insulin-related growth factors
(IGF); (2) microbiome; (3) chronic inflammation;
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disorders. The dominant type of bariatric surgery is
[28]
Roux-en-Y gastric bypass (RYGB) , which alters bile
acid flow and re-absorption by changing the anatomy
of the intestine. Plasma primary bile acids, including
chenodeoxycholic acid (CDCA), and cholic acid (CA),
increased after surgery, along with increased taurine[30]
conjugated and glycine-conjugated bile acids , which
indicated that re-absorption increases in the upper
intestine. Consequently, fewer bile acids reached the
distal intestine, resulting in decreased secondary bile
acid pools. Bile acid binding resins predominantly
function by decreasing bile acids in the intestine
and by blocking re-absorption of bile acids, which
limits the total bile acid pool. In other words, both
bariatric surgery and bile acid binding resins promote
primary bile acid synthesis and re-absorption and limit
secondary bile acid synthesis and their concentration
in plasma.

cholestatic liver disease, gallstones, fatty liver,
diabetes and obesity.

Bile acids regulate metabolism via FXR

Bile acids and FXR are regulators of glucose homeo
stasis and insulin resistance. Gene encoding
phosphoenolpyruvate carboxykinase, glucose-6phosphatase, and fructose-1,6-biphosphatase (FBP1)
[37]
are target genes of FXR . All of these are rate-limiting
enzymes in glucose metabolism. Activation of FXR or
overexpression FXR in the liver reduces the plasma
glucose level. FXR deficiency, in the liver not in the
intestine, leads to glucose metabolism disruption and
[37]
results in insulin resistance . However, expression of
FXR in the intestine has a negative effect on human
-/disease development. In FXR mice, enhanced glucose
clearance and insulin sensitivity were observed, but
[38]
hepatic insulin sensitivity was not altered , indicating
that the effect of intestine FXR overcomes the effect
of the liver in regulating glucose metabolism. A recent
study was also consistent with these findings. In highfat-induced nonalcoholic fatty liver disease mouse
models, changing the composition of bile acids by
administration of antibiotics, which results in gut
microbiota alternation, led to nonalcoholic fatty liver
disease development. This study demonstrated that
bile acids or gut microbiota (which will be discussed
in a later section) regulate nutrient metabolism in a
FXR-dependent manner in the intestine but not in the
[39]
liver . A intestine-selective, high-affinity FXR inhibitor,
glycine-β-muricholic acid (Gly-MCA), improved
metabolic parameters, high-fat diet-induced and
genetic obesity, insulin resistance and hepatic steatosis
[40]
in mice .
Bile acids and FXR also regulate lipid metabolism.
FXR regulates lipogenesis by inhibiting LRH-1 and
[41]
LXRα . In addition, activation of FXR induces ex
pression of Apolipoprotein C-II and Apolipoprotein A-V
(apoA-V) and suppresses expression of Apolipoprotein
C-III, which results in an increase in lipoprotein
[42]
synthesis and a decrease in plasma triglycerides .
Peroxisome proliferator-activated receptor α, which is
involved in lipid, lipoprotein and fatty acid metabolism,
[43]
is also regulated by bile acids via FXR . Taken together,
these results show that bile acids and FXR regulate lipid
metabolism in direct and indirect manners.

Farnesoid X nuclear receptor and bile acid synthesis

Farnesoid X nuclear receptor (FXR) is a nuclear
[31]
receptor, and its major ligands are bile acids . A
primary bile acid, CDCA, is the strongest agonist
of FXR. Secondary bile acids, such as lithocholic
acid (LCA) and deoxycholic acids (DCA), are also
activators of FXR but have a lower affinity. In contrast,
[31]
hydrophilic bile acids do not activate FXR . In
addition to FXR, bile acids activate other nuclear
receptors, such as pregnane-X-receptor, constitutive
androstane receptor and vitamin D receptor, inducing
[32]
different signaling pathways . FXR is predominantly
expressed in the liver, intestine, kidney, adrenal
[33]
gland, pancreas, and reproductive tissues . In the
liver, primary bile acids bind to FXR in hepatocytes
after re-absorption, leading to increased expression
of small heterodimer partner 1 (SHP-1), which is
a DNA-binding domain. SHP-1 inhibits expression
of cholesterol 7 α-hydroxylase (CYP7A1) via liver
receptor homologue 1 (LRH-1) and liver X receptor
α (LXRα), resulting in decreased synthesis of bile
[34]
acids . This is the major mechanism of bile acid reabsorption feedback inhibition of bile acid synthesis.
Furthermore, SHP-1 can also inhibit expression of
CYP8B1 (cytochrome P450, family 8, subfamily
B, polypeptide 1) via hepatocyte nuclear factor 4
(HNF4). CYP8B1 regulates the synthesis of cholic acid
(CA), which is hydrophilic. Thus, composition and
hydrophobicity of the primary bile acids is determined
[35]
by CYP8B1 . In the intestine, activation of FXR
induces the secretion of fibroblast growth factor-19
(FGF-19), FGF-15 in mouse, which binds to fibroblast
growth factor receptor 4, to decrease the expression
of CYP7A. This is a SHP-1-independent pathway in
[36]
the regulation of bile acid synthesis . Enterohepatic
circulation of bile acids leads to feedback inhibition
of bile acid synthesis. Any problems in the steps in
this cycle will lead to metabolic diseases, including
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Bile acids and insulin resistance and hyperinsulinemia

Although the regulation of bile acid synthesis and
bile acid metabolism is complex, clinical evidence
suggests that adjusting the flow rate and composition
of bile acids can improve metabolic disorders. Bypass
surgery and bile acid sequestrant improve insulin
resistance, obesity and hyperlipidemia, although the
mechanism of these two treatments is unclear. Bile
acid binding resins function by sequestering bile acids,
which suppresses absorption and increases excretion
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of bile acids in the feces. Despite the complexity of
the regulation of bile acids and their receptors, bile
acid binding resins improve insulin resistance in diet[44]
induced rat models of obesity . In bile acid binding
resin-treated groups, plasma glucose levels decrea
sed to baseline values throughout the oral glucose
tolerance test, a parameter of insulin resistance,
and insulin levels declined to baseline as well. These
findings indicated that bile acids modulate glucose
metabolism and insulin sensitivity. Another approach
for improving metabolic disorder is bariatric surgery,
as mentioned above. In contrast to bile acid binding
resins, bariatric surgery increases plasma bile acids
to improve metabolic parameters, although the
underlying mechanism remains to be determined.
However, bariatric surgery did not decrease the
standardized incidence of obesity-related cancers
but increased the incidence of colon cancer with time
[45,46]
after the surgery
. This study included a large
sample size cohort, 15095 and 62016 in the surgery
and control cohort, respectively, and long-term follow
up (up to 30 years). It provided a very convincing
result, that bariatric surgery provided a short-term
benefit for metabolic disorders but increased colorectal
cancers instead over time. It is still unclear why
and how bariatric surgery changed the incidence of
colorectal cancer. We hypothesize that changing the
anatomy of the intestine leads to bile acid flow and
composition alteration and results in turnover of the
population of gut microbiota. Studies have shown that
gastrointestinal bypass surgery may lead to changes in
the intestinal and fecal microbiota, resulting in colonic
mucosa exposure to increased toxicity of the feces and
[47]
increased incidence of colon cancer .

secretion of insulin . One possible mechanism is that
GLP stimulates oxidative phosphorylation, resulting
in an increase in the ATP/ADP ratio, membrane
2+
depolarization and Ca mobilization, leading to insulin
secretion from pancreatic β-cells. Hyperinsulinemia is
associated with insulin resistance and type 2 diabetes.
-/Interestingly, in female TGR5 mice, insulin sensitivity
[54]
increases but not in male mice , indicating that
alternative regulatory pathways exist and that TGR5
regulates glucose metabolism and insulin sensitivity.

Insulin, insulin-like growth factor 1 and pancreatic
cancer

Insulin regulates the production and activity of insulinlike growth factor 1 (IGF1) by down-regulating insulinlike growth factor-binding protein 1 (IGFBP1) and
[55]
IGFBP2, which inhibit the activity of IGF1 . High
plasma concentration of IGF1 and low concentration
of IGFBP1 are observed in type 2 diabetes. The main
function of IGF1 is to promote cell proliferation and to
[56]
inhibit cell apoptosis . Both the IGF1 receptor and
insulin receptor belong to the family of transmembrane
receptor tyrosine kinases. They are structurally and
[57]
functionally related in cancers . The insulin receptor
is highly expressed in insulin-sensitive tissues, such
as the liver, skeletal muscle and white adipose tissue,
and shows low expression in other tissues, such as the
brain, heart, kidney, lung, pancreatic acini, platelets,
endothelial cells, monocytes, megakaryocytes and
fibroblasts. Insulin does not activate the insulin re
[58]
ceptor in these tissues at normal concentrations .
Insulin abnormally activates these receptors due to
hyperinsulinemia in diabetes. Moreover, in cancer
patients, the tumor cells often highly express the
insulin receptor, which results in non-metabolic effects.
The non-metabolic effects include promotion of cell
[59]
mitosis, proliferation, and metastasis . The PI3K
pathway and MAPK pathway play important roles in
[60]
pancreatic cancer formation. Appleman et al showed
that the insulin receptor and IGF receptor could be
activated by their ligands and in turn activated MAPK
signaling and PI3K signaling. The insulin receptor and
IGF receptor, along with the kras mutation, facilita
[61]
te pancreatic cancer development . Additionally,
another study revealed that there was cross-talk
between the insulin receptor and IGF receptor with
G-protein coupled receptors, which further activated
[62]
mTOR signaling and promoted DNA synthesis .

Takeda G-protein receptor 5

Takeda G-protein receptor 5 (TGR5) is a membrane
receptor of bile acids, and it belongs to the superfamily
of G-protein coupled receptors. TGR5 is expressed
in the gallbladder, intestine, human spleen and
mononuclear and white blood cells, as well as in
liver cells, brown adipose tissue, skeletal muscle
[48]
and the nervous system . Bile acids activate TGR5
with different potency, and LCA > DCA > CDCA
[49]
-/> CA . In TGR5 mice, the bile acid pool was
[50]
decreased by increasing fecal bile acid excretion .
Because TGR5 is expressed in the gallbladder, it also
regulates bile composition by induction of chloride
[51]
secretion . In addition, TGR5 regulates contraction
of smooth muscles of the gallbladder, participating in
[52]
gallstone disease development . However, the exact
mechanism of how TGR5 regulates synthesis and the
bile acid pool is still unknown. Similar to FXR, TGR5
also plays a role in glucose metabolism. By binding
to TGR5, bile acids induce intestinal glucagon-like
peptide-1 (GLP-1) and GLP-2 release, which results in
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Bile acids and gut microbiota

Primary bile acids are converted into secondary bile
acids by structural modification by the gut microbiota
(Figure 2). The gut microbiota has an important
impact on the composition of bile acids, and vice
versa, as bile acids re-shape the population of
bacteria in the intestine. The role of intestinal flora in
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Figure 2 Bile acids metabolism. FXR: Farnesoid X nuclear receptor; DCA: Deoxycholic acid; LCA: Lithocholic acid; CDCA: Chenodeoxycholic acid; CA: Cholic acid.

modulating the host metabolism has received much
attention after it was revealed that diabetic patients
had changes in intestinal flora, with increases in
the Firmicutes to Bacteroidetes ratio. Then, obese
patient were also found to have a similar composition
[63]
shift . Gram-negative bacteria, which belong to
Bacteroidetes and Proteobacteria, are enriched in
[64]
type 2 diabetes . Organic acids decrease luminal
pH and damage bacterial cell membranes, which
strongly affect the bacterial composition, especially
[65]
after a high-fat diet . Rats were fed a high-CA diet,
which mimicked bile acids induced by a high-fat diet,
and it was found that the fecal DCA concentration
was much higher, with the CA/DCA ratio reversed,
[66]
compared to the control diet group . DCA is ten
[67]
times more toxic to intestinal bacteria than CA .
Firmicutes and Bacteroidetes, which are the two major
types of intestinal flora, accounted for 54.1% and
30.7%, respectively, in the control group. In contrast,
the proportion of Firmicutes increased to 98.6% in
[66]
the high-CA group . However, the total number of
bacteria decreased in the feces, with an increased bile
acid concentration, up to 50% that of the control diet
group. Taken together, the results showed that a highfat diet regulates intestinal flora by affecting bile acid
composition. Additionally, bile acids change with the
gut microbiota composition shift. A recent study found
that oral administration of antibiotics led to changes in
the gut microbiota and subsequently, changes in bile
[68]
acids and glucose metabolism via FGF-19 signaling .
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Vancomycin had the strongest effect on the Firmicutes
and Proteobacteria phyla, with Firmicutes decrea
sing and Proteobacteria increasing. The Firmicutes
phylum, which consists of Gram-positive bacteria,
plays a crucial role in primary bile acid modification.
Researchers have attributed the promotion of insulin
sensitivity to the decrease in the Firmicutes phylum
and the increased primary bile acids (CA), which are an
activator of intestinal FXR. However, to our knowledge,
as mentioned above, activation of intestinal FXR
may have negative effects on metabolic disorders.
Therefore, the mechanism remains to be confirmed.
Increasing gut permeability, which is controlled
by microbiota, is associated with many metabolic
[69]
[70]
diseases
and chronic low-grade inflammation .
All surfaces of the body, including the skin and the
intestinal, oral and vaginal mucosa, are covered with
microorganisms that maintain human health, rather than
cause diseases. These microorganisms interact with the
host to maintain the body’s health. However, when there
are changes in the density or species composition of
these organisms, it may result in disease. The majority
of microorganisms exist in the human intestine as an
essential part of mucosal immunity. A long-term, highfat diet affects intestinal flora density through bile acids,
resulting in higher mucosal permeability. The integrity
of tight junctions in the intestine and trans-epithelial
permeability are regulated by the normal intestinal flora,
[71]
through redistribution of Toll-like receptor 2 protein ,
a toll-like receptor on epithelial cells, and expression of
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[72]

tight-junction proteins in cell to cell contacts . High
permeability has two results: bile acid as a metabolismregulating molecule will enter the blood circulation,
and gut microbes and their products will translocate to
the bloodstream, leading to chronic local and systemic
[70]
inflammation .
A large number of experiments confirmed that
inflammation provides a suitable environment for
tumor initiation and progression. Tumor-associated
inflammatory cells and tumor stromal cells work
together to promote tumor cell metastasis. Chronic
inflammation induces bone marrow-derived mesen
chymal stem cells to migrate to the tumor site and
inhibits tumor suppressor T cells, thereby inhibiting
[73]
the body’s anti-cancer immunity . Intestinal polyp
patients had higher intestinal permeability compared
with normal subjects. IL-6, IL-11, IL-17, IL-22, and
IL-23 secreted by ectopic bacteria are required for
[70,73,74]
the development of intestinal polyps
. Intestinal
flora also affect tumor formation in distant organs by
modulating tumor necrosis factor, oxidative stress and
[70]
DNA damage repair . A more recent study revealed
that a long-term, high-fat diet first affected visceral
adipose tissue. This effect was caused by damage of
the intestinal mucosal barrier function. The local proinflammatory response led to the accumulation of fat
[75]
due to distant and systemic inflammation .

Chronic pancreatitis develops from recurrent acute
pancreatitis, and it involves pancreatic exocrine and
endocrine dysfunction and gradually progresses to
[81]
malignant tumors and diabetes .
Due to different cell sources, pancreatitis and
pancreatic cancer were once considered two unrelated
disease because pancreatitis predominantly affe
cts pancreatic acinar cells, and pancreatic cancer
[81]
originates from ductal cells . However, a recent
lineage tracing study questioned this hypothesis.
Chronic inflammation induces dedifferentiation of
acinar cells into progenitor duct-like cells, and the
[82]
latter could be the source of pancreatic cancer .
Whether the bile acids reflux into the pancreatic duct
and reach the acinar cells to induce pancreatitis is
still controversial. There are two possible ways for
bile to reach acinar cells: through bile duct epithelial
cells and through cell-cell contacts, with tight junction
[83]
impairment . Bile acids were originally identified
as detergents. Now, they are studied as regulatory
molecules. Gpbar1 (the other name of TGR5
mentioned above), a G-protein coupled receptor, is
expressed on acinar cells and mediates bile acidinduced pancreatitis. Deletion of this gene reduced
[84]
hyperamylasemia, edema and inflammation . Acinar
cell exposure to bile acids and activation of Gpbar1
2+
cause cell injury mediated by Ca signaling and
[85]
2+
downstream NF-κB translocation . Ca signaling
also mediates intra-acinar cell zymogen activation and
in turn damages the acinar cells. In addition to NF-κB
signaling, oxidative stress, which is related to bile acid
[86]
injury , is also indispensable in acinar cell necrosis
and fibrosis. All these processes produce inflammatory
cytokines and chemokines, which activate the immune
system. Inflammatory mediators generate secondary
[81]
oxidative injury and damage cells . Surprisingly,
insulin-producing cells develop a malignant phenotype
[87]
in inflammatory circumstances . Chemokines are
inflammatory cues for mesenchymal stem cells
from different types of tissues, which can regulate
[88]
tissue immune response . Mesenchymal stem cells
differentiate into fibroblasts or leucocytes infiltrating
in the inflammatory lesion. As in the old hypothesis
[89]
- cancer is just likes a wound that does not heal
duct epithelial cells and acinar cells, as well as stroma
and immune cells, function as intrinsic and external
factors, respectively, to promote cancer formation
(Figure 3).

Bile acids and gallstones, pancreaticobiliary
maljunction, chronic pancreatitis

Several risk factors for pancreatic cancer, such as
gallstones, pancreaticobiliary maljunction (long
common channel) and chronic pancreatitis, share
a common pathophysiological feature of bile acid
dysmetabolism and bile acid reflux. Consequently,
these three are causative factors of pancreatitis. The
sphincter of Oddi loses function with a long common
channel, resulting in communication of the bile duct
[76]
and pancreatic duct . The reflux of pancreatic
juice into the bile duct leads to a higher incidence of
biliary cancer, whereas the reflux of bile juice into
the pancreatic duct results in pancreatitis. It is still
debatable whether the reflux of pancreatic juice into
the bile duct actually occurs. Because pressure in the
bile duct is higher than that in the pancreatic duct,
and even in the long common channel, there is a
greater possibility that pancreatic juice refluxes into
[77]
the bile duct . However, among the causal factors
of acute pancreatitis, pancreatic juice reflux or duct
obstruction is the most convincing one. Bile reflux
into the pancreatic duct is known to be necessary for
[78,79]
the induction of acute pancreatitis
. Additionally, it
has been known for a long time that bile infusion can
[80]
be used to establish pancreatitis animal models .
After a high-fat diet, the secretion pressure of bile
may increase to a level high enough to reflux into the
pancreatic duct, leading to mild or chronic pancreatitis.
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LOCAL TISSUE EFFECTS OF BILE ACIDS
Bile acids induce cell membrane perturbations

Removal of cholesterol on the cell membrane can
inhibit apoptosis induced by DCA. After staining with
filipin, it was found that DCA could cause redistribution
of membrane phospholipids. Similarly, DCA could
also affect the distribution of plasma membrane
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Figure 3 Oncogenic process of bile acid reflux.

caveolin and reduce membrane fluidity. Radiolabeled
DCA showed that bile acids are located in the cell
membrane microdomains, and different reactions
depends on the physical and chemical properties of
bile acids. These findings suggest that redistribution
of membrane cholesterol is the initial stage of bile
[90]
acid-induced signaling activation . Additionally,
whether the bile acids enter the cell depends on the
critical micelle concentration, which is the lowest
concentration of surfactant in the solvent molecules to
[91]
form micelles .

rant crypt foci (ACF) compared to those in the
normal diet group (P = 0.0034), and the number of
apoptotic bodies in ACF was significantly lower than
those in normal intestinal epithelium (P = 0.012).
In conclusion, CA simultaneously reduced apoptotic
bodies in normal intestine ACF, and ACF are more
susceptible to bile acids than normal intestinal mucosa.
Bile acids promotes colorectal cancer formation and
[95]
progression , which was consistent with another
clinical study that also found the same phenomenon.
In patient biopsy specimens, after co-culturing with
bile acids, intestinal mucosal cell apoptosis was
[96]
significantly reduced .

Bile acids increase cell proliferation and mitotic events

Treatment of colonic epithelium with bile acids
leads to phospholipid turnover, thereby increasing
the release of diacylglycerol, which is a protein
kinase C (PKC) activator. Bile acid activation of PKC
[92]
is mediated by activator protein-1 (AP-1) . PKC
activation increased synthesis of DNA and promoted
[93]
cell proliferation . In addition, ornithine decarboxylase
(ODC) activity and DNA synthesis varied with different
types of bile acids in an in vitro study. Compared
with 12-O-tetradecanoylphorbol-13-acetate (TPA), a
tumor-promoting agent, deoxycholic acid (DCA) was
a more potent activator of ODC. DCA and TPA both
stimulated DNA synthesis within 2 d of treatment, with
a peak at 2 h and a decline after 4-12 h. Moreover,
the stimulatory activity of bile acids with different
structures is different. By analyzing 26 types of bile
acid component, bile acids, which are 5β-cholanic acids
with two α-hydroxy groups in 3α, 7α, and 12α position
and 5β-cholanic acids with a 3 α-hydroxy group, had
the strongest activities. Therefore, the composition of
bile acids plays an important role in cell proliferation
[94]
and DNA synthesis in colonic epithelial cells .

Bile acids stimulate COX-2 and PGE2 production

DCA and CDCA were found to induce COX-2 ex
pression in the pancreatic cancer cell lines BxPC3 and
[97]
[98]
SU86.86
and colon cancer cell lines . Both studies
found that bile acids acted in a dose-dependent
manner, but the strongest effect was induced by
different concentrations (100 μmol/L and 250 μmol/L,
respectively) and different reaction times (6-12 h and
[98]
24 h, respectively). Glinghammar et al also revealed
that bile acids induced COX-2 expression mediated by
AP-1, PKC and p38.

Bile acids induce MMP7 mRNA expression

The main function of matrix metalloproteinase (MMP)
proteins is decomposition of the extracellular matrix
proteins, which are involved in cancer metastasis and
inflammatory responses. MMP proteins are expressed
in a wide range of cancers, including esophageal
cancer, stomach cancer, liver cancer, pancreatic cancer,
[99]
and kidney cancer . Tumors with high expression
of MMP7 are more aggressive and have a greater
metastatic ability. Apical sodium-dependent bile acid
transporter (Asbt)-deficient mice, which show a 10–
fold increase in bile acids in the intestinal tract, have
54% more aberrant crypt foci than that in wild-type
mice, and the probability of colon cancer development

Bile acids reduce susceptibility to apoptosis

An in vivo study showed that rats fed a diet containing
2% CA for 18 wk had significantly decreased apoptotic
bodies in the normal intestinal epithelium and aber
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is twice as high as that in the wild-type mice. The
study found that increasing the content of bile acids
significantly increased MMP7 expression, which is
mediated by muscarinic receptors (a G-coupled protein
[100]
receptor) . This indicates that bile acids also play a
[101]
role in cancer invasion and migration .

cell surface protease TACE/ADAM-17, which is required
in EGFR activation by its ligands amphiregulin (AREG)
and TGF-α, is highly expressed in colorectal cancer and
pancreatic cancer. Exposure of colorectal cancer cells and
pancreatic cancer cells to bile acids activates EGFR in an
AREG-dependent manner. Furthermore, this effect was
[5,104]
mediated by a G-protein coupled receptor, TGR5
.
RNA silencing of TGR5 inhibited EGFR, MAPK and STAT3
signaling induced by bile acids.

Bile acids induce overexpression and activation of the
erbB2 and EGFR signaling cascades

Epithelial cells in the gall bladder and bile tract, which
directly contact bile acids, highly express erbB2 in their
[102,103]
malignant lesions
. EGFR expression in intrahepatic
cholangiocarcinoma, extrahepatic cholangiocarcinoma
and gallbladder cancer was 100%, 52.6% and
38.5%, respectively, and HER2 is overexpressed
in 10% and 26.3% of gallbladder and extrahepatic
cholangiocarcinomas, respectively, suggesting that
EGFR and HER2 may contribute to the initiation and
[103]
development of these cancers
. However, whether
bile acids directly induce the expression of EGFR and
HER2 and activate these receptors was not clear. A
recent study confirmed that bile acids induced the
expression of EGFR and HER2 directly and activated
the EFGR/HER2 pathway and downstream pathways,
[104]
contributing to cancer formation and progression
.
The study found that secondary conjugated bile
acids, such as taurochenodeoxycholic acid, induced
gallbladder cancer cell EGFR/erbB2 expression and
activation of EGFR/erbB2 and downstream signaling:
bile acid → src → TACE → EGFR/erbB2 → downstream
signaling cascade. This induction and activation
have also been verified in skin cells. This study was
consistent with previous studies showing that in
hepatocytes, the bile acids activated the MAPK and
[105,106]
PI3K/Akt signaling pathways
, indicating that bile
acids have a prolonged effect on the activation of EGFR/
erbB2 signaling and finally led to intranuclear effects,
rather than acute effects. HER2 is overexpressed
[107,108]
in 61.2%-90% of pancreatic cancer patients
,
and survival of patients with HER2 overexpression is
significantly lower compared with patients with low
expression, 14.7 mo and 20.7 mo respectively. In
a multivariate analysis, HER2 overexpression is an
independent prognostic factor. These findings suggested
that a HER2 monoclonal antibody may be beneficial for
[107]
this subtype of patients .
The kras mutation plays an important role in pan
creatic cancer initiation. Kras induces endogenous EGFR
expression and activation. EGFR inhibitors eliminated
kras mediation of pancreatic cancer. In other words,
without EGFR activation, kras cannot activate the MEK/
[109]
ERK pathway and promote tumorigenesis . However,
unlike gallbladder and bile tract cancer, whether bile
acids induce expression of EGFR and HER2 in pancreatic
duct epithelial cells remains unknown. A recent study
revealed that there was crosstalk between a bile acid
membrane receptor, TGR5, and EGFR signaling. The
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QUESTIONS REMAIN
Toxicity of bile acids

Although we discussed bile acids as a molecular
regulator in metabolic and cancer signaling, we still
must note that bile acids are a type of detergent.
Exposure of cells or tissues to bile acids at high
concentrations (Table 1) primarily causes cell death,
whereas activation of signaling pathways is secondary.
This may be a reason for the contradictory findings.
[110]
A study
found that DCA and CA increased the
proportion of cells in G0 and G1 phase, while GCA and
TDCA increased the proportion of cells in S phase.
Effective biological effects could not be found, even
with different concentrations and different times. After
48 h of treatment, Panc-1 cells showed cell structural
damage. Therefore, the researchers concluded that
increases in bile acid concentration in the serum
might inhibit the progression of pancreatic cancer. The
conclusion might be far-fetched. In previous studies
(listed in Table 1), the concentration of bile acids and
the processing time varied substantially, indicating that
bile acid concentration and treatment time are critical
factors in research on the biological role of bile acids
in cancer. Moreover, even if there is a clear biological
effect in an in vitro study, how to simulate the in vivo
environment is another issue. In the study of bile acids
and pancreatic cancer, determining how bile acids
reach the pancreatic duct epithelial cells or acinar
cells is a prerequisite for all studies. If the bile acids
do not reflux at high concentrations (for example,
500 μmol/L) into the pancreatic parenchyma, how
can these studies determine how bile acids affect the
development of malignant tumors? Bile acid retrograde
infusion into the pancreatic ducts are widely used
[111]
to induce pancreatitis in vivo
. It has been shown
that 37 mmol/L of taurocholate acids or 3 mmol/L of
tauro-LCS induces maximally severe, acute necrotic
pancreatitis but not chronic pancreatitis. For studies on
chronic pancreatitis, due to the duration of the study,
duct ligation models with bile acid reflux are often
[112]
used . However, a profile of bile acids is missing in
these cases. Therefore, the concentration of bile acids
is a crucial factor for both in vivo and in vitro studies.
Additionally, the method of contact of bile acids with
cells is also important, whether it is by contacting
the cell surface (luminal or basal surface) or by
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Table 1 Review of the biological effects of bile acids
Ref.

Year

Cell/tissue

Bile acid

Dose

Time

Biological effect

Jean-Louis et al

2006

HCT 116

DCA

500 μmol/L

Hirano et al[92]

Cholesterol aggregation at
membrane
Internalization of caveolin-1
PKC activation

DeRubertis et al[93]
Takano et al[94]

1987
1984

Gastric mucosal primary
culture
Colonic epithelial cells
Colonic epithelial cells

DCA
DCA

500 μmol/L

1991

5, 15, 30 min
1, 2, 4 h
1h
30 min

Magnuson et al[95]
Garewal et al[96]
Tucker et al[97]

1994
1996
2004

Glinghammar et al[98]

2001

Raufman et al[100]
Cheng et al[101]
Kitamura et al[104]

2015
2007
2015

[90]

In vivo
Biopsies
BxPC3
SU86.86
HCT 116

HT 29
In vivo (Asbt-deficient)
H508
Primary culture (BK5
erbB2 mice)
Sk-Ch-A-1

In vivo (BK5 erbB2 mice)
Qiao et al[105]
Rao et al[106]
Nagathihalli et al[5]

2001
2002
2014

hepatocytes
Primary rat hepatocytes
HCT116, HCA-7, BxPC3,
AsPC-1, Capan 2

DCA
DCA

2d

CA
DCA
CDCA, DCA

2% in diet
1 mmol/L
100 μmol/L

18 wk
30 ℃ 3 h
6-12 h

Tauro-CDCA
DCA, CDCA, CA
Butyric acid
DCA

200-1200 μmol/L
250 μmol/L
0.1-4 mmol/L
500 μmol/L

15 h

DCT
TCDC

50 μmol/L
100 μmol/L

24 h
72 h

24 h

TCDC
10-200 μmol/L
72 h
CDCA, DCA, TC,
0.5 mmol/L
30 min
TDC
TCDC
500 μmol/L
3h
TCDC
200 μmol/L
60 min
TCDC
2.5 mmol/L 200 μL Twice/wk for
20 wk
DCA
50 μmol/L
5 min
TDCA, TCA, DCA
50 μmol/L
20 min
DCA
300 μmol/L
4 h-6 h

DAG ↑
DNA ↑
ODC ↑
Apoptosis ↓
Apoptosis ↓
COX-2 ↑
PGE-2 ↑
AP-1 ↑, COX-2 ↑, PKC(+), P38(+)

COX-2 ↑, PCNA ↑
Aberrant crypt foci
MMP ↑
Cell proliferation ↑, EGFR MAPK
Cyclin D1 ↑
Cell viability ↑
p-erbB2, p-EGFR, p-MAPK, p-Akt ↑
HB-EGF ↑
TACE activity ↑
Skin tumor ↑
EGFR/Ras/MAPK activation
p-raf-1↑, MEK ↑, ERK ↑
TACE co-localization, TGF-α
mRNA ↑

DCA: Deoxycholic acid; CA: Cholic acid; MMP: Matrix metalloproteinase.

disrupting cell-cell connections to enter the pancreatic
parenchyma. However, the solution to these questions
cannot be determined from in vitro experiments. In
vitro studies focus on one type or a few types of cells,
and they cannot simulate tissue or organ structures.
For example, apical or basolateral membranes of
pancreatic ductal epithelium have different cell surface
[77]
receptors and ion channels . Thus, they have dif
ferent biological effects caused by contact with bile
acids. These effects are different and may even be
opposite.

different effects (liver FXR and intestine FXR). They
simultaneously play a pathogenic role and a protective
role, which makes studying these processes very
complex.

Proportion of different fractions in bile acids

Bile is composed of a mixture of ingredients, and
bile acid is the main component of bile. Bile acid
itself has different ingredients, including conjugated
bile acids and free bile acids, which have different
hydrophilic properties, and their ability to cross the
cell membrane is different. Glycine-conjugated bile
acids have pKa values of 4.3-5.2, and they constitute
greater than 60% of the bile, while taurine-conjugated
bile acids have pKa values of 1.8-1.9, accounting for
[113]
approximately 20% of the bile . Therefore, the ratio
of glycine-conjugated bile acids and taurine-conjugated
bile acids is approximately 3:1. Taurine-conjugated
bile acids are soluble and contact cells with a high
frequency. They contribute to the role of bile acids
as a carcinogen. Gastrointestinal inflammation and
tumorigenic effects caused by different components of
bile acids, glycine-conjugated or taurine-conjugated,
conjugated or free, are not the same. Non-conjugated
bile acids have more significant carcinogenic ef
[110]
fects
. A novel function of UDP glycosyltransferase

Systemic effects or local tissue effects

After reviewing the role of bile acids in pancreatic
cancer formation and progression, more questions
are raised. Bile acids enter the bloodstream by
enterohepatic circulation. Bile acid receptors, including
cell surface receptors and nuclear receptors, are widely
distributed in the organs and tissues, including the
pancreas. Bile acids regulate endocrine and exocrine
functions of the pancreas, and they may be involved
in pancreatic cancer formation and progression. We
cannot assume that the role of bile acid-induced pan
creatic cancer is just due to local effects (reflux); it is
more likely to function via systemic effects. Moreover,
bile acid receptors in different organs and tissues have
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8 (UGT8) has been found; it galactosylates bile acids
up to 60-fold more efficiently than its activity towards
[114]
ceramide . This finding suggested that UGT8 might
be involved in modulating bile acid signaling. In
contrast, UDCA has anti-neoplastic effects but is also
commonly used for clinical treatment of biliary tract
[90,115]
disease
. Therefore, we need to understand the
variety in the composition and concentration of bile
acids in pancreatic cancer patients to further clarify the
role of bile acids in pancreatic cancer.

11

12

13

CONCLUSION

14

Bile acids are associated with most risk factors of
pancreatic cancer, including alcohol intake, smoking, a
high-fat diet, gallstones, a long common channel, and
chronic pancreatitis, as well as obesity, diabetes and
hypertriglyceridemia. In addition to systemic effects,
bile acids have local tissue effects, and they directly
activate cancer signaling pathways. Bile acids are likely
to be recognized as signaling molecules in pancreatic
cancer in the future.

15

16
17
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Abstract
Peritoneal carcinomatosis appears to be the most
common pattern of metastasis or recurrence and
is associated with poor prognosis in gastric cancer
patients. Many efforts have been made to improve
the survival in patients with peritoneal metastasis.
Hyperthermic intraperitoneal chemotherapy remains
a widely accepted strategy in the treatment of
peritoneal dissemination. Several phase Ⅱ-Ⅲ studies
confirmed that the combined cytoreducitve surgery
and hyperthermic intraperitoneal chemotherapy
resulted in longer survival in patients with peritoneal
carcinomatosis. In addition, proper selection and
effective regional treatment in patients with high risk
of peritoneal recurrence after resection will further
improve prognosis in local advanced gastric cancer
patients.
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Core tip: The recurrence rate of gastric cancer after
surgery within 2 years remains at 79%. Gastric cancer
patients with peritoneal metastases have a median
survival of only 3.1 mo. Understanding the influence
of peritoneal metastasis on survival in gastric cancer
patients, the potential molecular mechanism of
peritoneal metastasis, and individualized treatment
of patients with high risk of peritoneal metastasis is
essential for selecting effective treatment strategies in
advanced gastric cancer. In this review, we summarized
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metastasis was most common among patients with
early recurrence and locoregional and peritoneal
recurrence among patients with late recurrence using
a cutoff time of one year after curative resection for
patient subgroups. This disagreement was attributed
to differences in patient cohorts undergoing evaluation,
the cutoff at which recurrence was determined, and
the methods for determining recurrence patterns. In
addition, autopsy studies revealed only end-stage
disease, but not early recurrence patterns, and reoperation series probably reflect early locoregional
and peritoneal recurrence. Laparoscopy and peritoneal
cytology have been shown to detect occult metastatic
[11]
disease not seen on conventional imaging .
A recent study of 1178 patients with metastatic or
recurrent gastric cancer showed that about 46% of
patients had peritoneal metastases and about 30%
[12]
had liver metastases . Several other clinical studies
have reported recurrence patterns in a population of
[7,9,13-15]
patients with early stage to advanced disease
,
showing that 30%-54% of patients had peritoneal
recurrence alone or in combination.
Our unpublished data showed in a total number
of 349 patients with stage Ⅲ and Ⅳ gastric cancer,
peritoneal metastasis was detected in 62.8% of
the patients. And 81.1% of the patients developed
metastasis in peritoneal cavity (peritoneal and liver)
at the time of recurrence or diagnosis. Furthermore,
peritoneal cancer involvement is associated with poor
prognosis and quality of life compared with metastasis
to other organs. Our research showed that stage Ⅳ
patients with peritoneal metastasis had shorter survival
(7.5 mo vs 14 mo) and a higher risk of mortality (HR
= 2.026, P = 0.004).

translational and clinical researches on peritoneal
carcinomatosis, providing comprehensive information to
better understand the fatal role of peritoneal metastasis
in gastric cancer.
Wei J, Wu ND, Liu BR. Regional but fatal: Intraperitoneal
metastasis in gastric cancer. World J Gastroenterol 2016;
22(33): 7478-7485 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i33/7478.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i33.7478

INTRODUCTION
Gastric adenocarcinoma is the fourth most common
cancer and the second leading cause of cancer[1]
related death worldwide . Apart from countries with
national screening programs such as Japan and South
Korea, most gastric cancer patients present with
advanced disease because early-stage tumors are
usually asymptomatic and often develop metastatic
recurrences even after curative resection. Despite
improvements in the surgical treatment of gastric
adenocarcinoma, a high recurrence rate persists, with
a 5-year overall survival rate for all diagnosed patients
[2]
[3,4]
of only 24.5% in Europe and 40%-60% in Asia .
The most frequent cause of treatment failure following
surgery for gastric cancer is peritoneal dissemination,
mainly caused by the seeding of free cancer cells from
the primary gastric cancer, which is the most common
type of spread. Gastric cancer patients with evidence
of macroscopic peritoneal carcinomatosis have very
poor prognoses, with a median overall survival of 3-6
[5,6]
mo .
In this review, we aim to summarize the influence
of peritoneal metastasis on survival in gastric cancer
patients, the potential molecular mechanism of
peritoneal metastasis, and individualized treatment of
patients who have high risk of peritoneal metastasis.

Molecular mechanisms of
peritoneal metastasis
Cancer cells are thought to undergo the following
sequential steps to form peritoneal metastases: (1)
penetration of cancerous tissues into the visceral
serosa; (2) exfoliation of the cancer cells from the
primary tumor; (3) dissemination and survival of the
cancer cells within the abdominal cavity; (4) adhesion
of cancer cells to the peritoneum; (5) invasion of
cancer cells through the peritoneal membrane; and (6)
[16]
formation of the peritoneal metastasis . However,
the mechanisms governing the formation of peritoneal
metastasis remain poorly understood. A global ex
pression profile of 21168 genes was analyzed in a
gastric cancer cell line established from a primary
main tumor and other cell lines established from
the metastasis to the peritoneal cavity. They found
that 24 genes of cell adhesion, epithelial markers,
drug metabolism and signal transduction were upregulated and 17 genes of immune response, cell
[17]
cycle and adhesion were down-regulated
(Table 1).
Loss of hypoxia inducible factor-1α may accelerate

Peritoneal metastasis is the most
important factor for prognosis
in gastric cancer
The Recurrence rate of gastric cancer remains high,
particularly in patients with advanced stage disease.
Among patients receiving R0 resection, 79% have
documented recurrences within 2 years, and the
median time to death from the time of recurrence is
[7]
6 mo . Many patients, especially those with stage Ⅲ
disease, develop locoreginal recurrence, peritoneal
[8]
recurrence, or distant metastasis . Many investigators
have analyzed recurrence patterns of gastric cancer
after curative surgery, but the data have shown
[9]
variable incidences of these patterns. Schwarz et al
found that the most common pattern was distant
[10]
metastasis while Eom et al found that hematogenous
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Table 1 Twenty-four up-regulated and 17 down-regulated genes in gastric cancer cells from malignant ascites compared with those
from primary lesions
Gene expression level

Gene name

Gene function

Nucleobinding 2
Acyl-Coenzyme A dehydrogenase
Chaperonin containing TCP1
FKBP54
Histone deacetylase 3
p27kip
PAK-interacting exchange factor alpha
CD4
IL4 stat
L2 receptor gamma
IGFBP2
RAD51 homologue C
Heterogenous nuclear ribonucleoprotein
Integrin β4
Tubulin beta-1 chain
Death associated protein
H2A histone family member L

Signaling (apoptosis)
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Immune response
Immune response
Immune response
Growth and metabolism
Chromosome stability
Cell adhesion
Cell adhesion
Cell adhesion
Apoptosis
Apoptosis

Dopa decarboxylase
Caveolin-3
CD9
Dystroglycan1
Inositol triphosphate receptor
LMO 7
Sodium/hydrogen exchanger, isoform 1
Cystein protease (legumain)
Myosin 6
Destrin (actin depolymerising factor)
Renal tumor antigen RAGE1
Aldehyde dehydrogenase
Aldo-keto reductase family 1
Keratin 14
Keratin 7
Keratin 8
CD44
Desmoplakin (DPI, DPII)
Galectin 3 (lectin)
Integrin alpha3
Occludin
S100 A10 (ligand of Annexin II)
Leukocyte elastase inhibitor
TGFb-induced anti-apoptotic factor

Signaling or progression
Signaling (modification)
Signaling
Signaling
Signaling
Signaling
Signaling
Invasion
Intracellular organelle transport
Interaction with extracellular matrix
Immune response
Drug metabolism
Drug metabolism
Cell adhesion, invasion
Cell adhesion, invasion
Cell adhesion, invasion
Cell adhesion
Cell adhesion
Cell adhesion
Cell adhesion
Cell adhesion
Cell adhesion
Apoptosis
Apoptosis

Down-regulated

Up-regulated

the development of peritoneal dissemination via the
upregulation of matrix metalloproteinases (MMP) -1 in
gastric cancer cells, which was manifested in a mouse
[18]
model . MMP-7-positive gastric cancer patients
have significantly poorer overall survival and die
more frequently of peritoneal recurrence than those
patients with MMP-7-negative tumors in a Japanese
[19]
cohort . Another comparative analysis between the
parental cell line GC9811 and its highly metastatic
peritoneal counterpart, cell line GC9811-P revealed
and confirmed that recombinant human S100
calcium binding protein A4 (S100A4) and cadherinassociated protein beta 1 (CTNNB1) were upregulated
and phosphatase and tensin homolog deleted on
chromosome ten was downregulated in GC9811-P
cells. Identification of these differentially expressed
genes could disclose the molecular mechanisms

WJG|www.wjgnet.com

involved and provide new targets for therapeutic
intervention to avoid peritoneal dissemination of
[20]
gastric adenocarcinoma . A recent study revealed
that intraoperative hemorrhages were strongly
correlated with peritoneal recurrence, probably due
to an increased ability of cancer cells and mesothelial
cells to adhere to each other in the presence of
[16]
[21]
factors in plasma . Zinc protoporphyrin IX
andro
[22]
quoishomeobox protein 1 (IRX1)
was reported to
inhibit peritoneal metastasis via neovascularization.
Identification of these differentially expressed genes
could disclose the molecular mechanisms involved
and provide new targets for therapeutic intervention
to avoid peritoneal dissemination of gastric ade
nocarcinoma. At present, chemokinereceptor 5
antagonism can reduce the potential for gastric cancer
[23]
cell dissemination . P38- mitogen-activated protein
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kinase inhibition by targeted small molecule inhibitor
was demonstrated to be beneficial in preventing the
peritoneal dissemination in poorly differentiated gastric
[24]
cancer . Nevertheless, the molecular mechanisms of
peritoneal dissemination need to be further clarified to
provide more information for peritoneal dissemination
therapy.

to downstaging to CCR-0 may be explained by limited
drug penetration leading to no anti-tumor effect on the
[38]
deeply invasive microfoci . Thus, drug delivery system
with high permeability has the potential perspective role
in the treatment of extensive peritoneal carcinomatosis
[39]
cases .

OPTIONAL AGENTS FOR
INTRAPERITONEAL TREATMENT

Effective treatments for patients
with peritoneal metastasis

Even though multimodal treatment strategies have
been used to improve the prognosis of gastric cancer
patients with peritoneal recurrence, the results remain
[40]
unsatisfactory . The oral anticancer drug S1 is a
fluoropyrimidine derivative, combining tegafur with
two modulators. A recent meta-analysis showed
that the use of S1 monotherapy was associated with
a significant survival benefit (HR = 0.48, 95%CI:
[41]
0.32-0.70, p = 0.0002) . The advantage of S1 over
other chemotherapeutic agents is its ability to attain
higher concentrations intraperitoneally, due to the
higher concentrations of 5-FU and CDHP achieved in
[42,43]
peritoneal tumors than in plasma
.
In addition to S1, paclitaxel and docetaxel, which
binds to tubulin, leading to microtubule stabilization,
and mitotic arrest, also have high sensitivity against
diffuse-type adenocarcinoma, which is a common type
of peritoneal tumor. And some of these compounds
are transported into the peritoneal cavity when
[44]
administered intravenously .
There have been numerous studies evaluating intra
peritoneal drug delivery in gastric cancer. Intraperitoneal
administration of anticancer drugs enables an extre
mely high concentration of drugs to directly contact
the target cancer lesions in the peritoneal cavity.
However, intraperitoneal administration of mitomycin
C or cisplatin yielded no apparent therapeutic effects
against peritoneal metastasis of gastric cancer due to
[45]
immediate absorption through the peritoneum . In
contrast to these drugs, intraperitoneal administration of
paclitaxel was developed to enhance antitumor activity
against peritoneal metastasis by maintaining a high
concentration of the drug in the peritoneal cavity over
a long period, and its clinical effects have been verified
by a number of convincing clinical trials in ovarian
cancer with peritoneal metastasis.These superior
results were due to the pharmacokinetic advantage of
[46]
taxanes after regional delivery . Taxanes are absorbed
through the openings of lymphatic system, such as
the milky spots and the stomata which are important
[47]
sites for the formation of peritoneal dissemination ,
[48]
due to their large molecular weight and fat solubility .
A phase Ⅰ/Ⅱ study of intraperitoneal docetaxel plus
S1 for the gastric cancer patients with peritoneal
carcinomatosis demonstrated a superior 1-year overall
survival rate of 70%, and peritoneal cytology turned
[49]
[50]
negative in 81% of the patients . Fujiwara et al
also reported a median survival of 24.6 mo ingastric

Patients with peritoneal carcinomatosis of gastric
origin have an extremely bad prognosis. Systemic
chemotherapy improves median survival in metastatic
gastric cancer to 7-10 mo, but in patients with
peritoneal carcinomatosis from gastric cancer, the
[25]
same improvement has not been reported . And
20%-50% of patients treated with radical surgery will
[26]
develop postoperative peritoneal recurrence , and
intraperitoneal spread of tumor cells was observed in
54% of patients who died of recurrence after surgery
[27]
for advanced gastric cancer .
At present, hyperthermic intraperitoneal chemo
therapy (HIPEC) is the most widely accepted stra
tegy among the treatment options for peritoneal
dissemination which is the most frequent metastatic
[28]
pattern in gastric cancer . The theoretical advantage
of the HIPEC is to add the direct cytotoxic effects of
heat to a high local concentration of used cytostatic
[29,30]
drug
. In addition to the mechanical washing effect,
HIPEC also has the theoretical advantage of delivering
a higher anticancer drug concentration into abdominal
lavage with reduced systemic toxicity. There are many
molecular explanations for the effect of HIPEC. For
example, induction of apoptosis, alterations of cell
membrane property, changes in intracellular proteins
and in their synthesis and heat inhibition of DNA repair
enhanced by inhibitors of the cellular heat-shock
[31,32]
response
.
In gastric cancer patients with peritoneal carci
nomatosis, surgical treatments aiming at removing the
primary lesion of peritoneal dissemination is palliative.
The combination of cytoreductive surgery (CRS) and
[33]
HIPEC was first described in 1980 by Spratt et al .
In the following years, Sugarbaker and his colleagues
applied and introduced this innovative technique for
[34]
peritoneal carcinomatosis . Phase Ⅱ-Ⅲ studies
revealed that patients who received CRS plus HIPEC
obtained better survival results only if completeness of
cytoreduction (CCR-0) resection was achieved. However,
the survival benefit of HIPEC remains extremely low
if cytoreductive surgery can not accomplish sufficient
[35-37]
down-staging of the carcinomatosis burden
. The
largest experience published so far was a retrospective
French study involving 159 patients which confirmed
this combination advantage in a selected CCR0 group
[35]
of patients . The dismal effect of HIPEC in patients
with extensive peritoneal carcinomatosis not amenable
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cancer with peritoneal carcinomatosis treated with
intraperitoneal docetaxel combined with S1.
Although intraperitoneal paclitaxel showed a
profound pharmacokinetic advantage 1000 times
higher than systemic administration, the main problem
of intraperitoneal chemotherapy is the limited depth of
penetration of anticancer drugs directly into the tumor.
Accordingly, optimum use of paclitaxel may consist
of intraperitoneal and intravenous administration,
because intraperitoneal paclitaxel reaches the systemic
[51]
circulation in only a small amount . Actually, Ishigami
[48]
et al
established intraperitoneal paclitaxel with S1
plus intravenous paclitaxel as systemic chemotherapy.
The phase Ⅱ study showed an overall response rate
of 56% of patients with target lesions and decrease
or disappearance of malignant ascites in 62% of the
patients.
Another recent phase Ⅱ trial in serosa-positive
gastric cancer patients showed a higher similar
response rate of 71.4%, and the 3- and 5-year OS
[52]
rates of 78.0% and 74.9%, respectively .
In addition, the efficacy of intraperitoneal irinotecan
has been demonstrated in several animal studies.
The AUC ratio of SN-38 varied between 3.7 and 14.8
depending on the concentration of administered
[53]
irinotecan . Moreover, pemetrexed has been proven
to be an option when used intraperitoneally in a
[54]
phase Ⅰ trial in ovarian cancer .
Except for chemotherapeutic agents, catumaxomab,
a rat-mouse hybrid monoclonal antibody, was
registered for the treatment of malignant ascites of
various epithelial cell adhesion molecule (EpCAM)
positive malignancies, including ovarian, gastric, breast
[55,56]
and colorectal cancer. Two studies
demonstrate
that this drug seems to improve progression-free
survival in patients with gastric cancer (median 71 d
vs 44 d, P = 0.03) and that it seems to improve the
survival of patients with gastrointestinal anti-EpCAM
positive tumors in intraperitoneal use.

resection in patients who are at high risk of peritoneal
[58,59]
recurrence
.
Although the precise mechanism driving peritoneal
recurrence remains unclear, the presence of malignant
cells in the peritoneum at the time of surgery can lead
[60,61]
to peritoneal recurrence
. Therefore, examination
of peritoneal fluids has emerged as an option for
identifying patients who are at high risk for peritoneal
recurrence after curative resection.
Although conventional peritoneal cytology is
the standard and reliable method for detecting free
cancer cells in the peritoneal wash and for predicting
peritoneal metastasis, in large-sample studies,
approximately 4%-11% of patients will have cytology
positive and therefore it is not practical or cost[62]
effective to perform it in all patients . Furthermore,
it lacks sensitivity for the detection of residual cancer
[63,64]
cells and prediction of peritoneal spread
. A
recent prospective clinical study demonstrated that
conventional cytology is not beneficial for predicting
peritoneal recurrence after curative surgery for gastric
cancer, because peritoneal washing cytology was not
able to predict peritoneal recurrence or survival in
[65]
gastric cancer patients .
A study including 655 patients indicated that
intraoperatively assessed macroscopic serosal changes
confer a poor prognosis and increased peritoneal
recurrence for patients with curatively resected gastric
cancer. Macroscopic serosal changes were defined
as changes in color or nodular texture of the serosal
surface on inspection and palpation. Macroscopic
assessment of serosal changes may be a useful
indicator that allows better risk stratification of patients
with resected gastric cancer in terms of prognosis and
[66]
peritoneal recurrence .
Recently, genetic detection using reverse trans
criptase polymerase chain reaction analysis has been
found more sensitive than conventional cytology.
The target genes of carcinoembryonic antigen
(CEA), heparanase, matrix metalloproteinase-7,
cytokeratin 20, telomerase, zinc-finger E-box binding
homeobox 1 and melanoma-associated gene in single
or in combination were used as potent molecular
[67-69]
markers
.
However, the amplified mRNA may be derived from
dead cells or phagocytes that have engulfed tumor
cells, and can be released from hematopoietic cells
[70]
in an inflammatory context . Therefore, the clinical
issue of false-positive cases remains to be addressed.
Using DNA methylation or flow cytometry to identify
intraperitoneal tumor cells is another valuable
alteration for selecting patients who might have a high
[71,72]
risk of peritoneal metastasis
.

SELECTED POPULATION FOR
INTRAPERITONEAL CHEMOTHERAPY
Positive peritoneal cytology was classified as metastatic
th
disease (M1) in the 7 edition of the American Joint
Committee on Cancer tumor node metastasis staging
[57]
system for gastric cancer . Intraperitoneal free
cancer cells isolated during peritoneal washing in
patients with gastric cancer have been demonstrated
to be significantly and independently related to the
prognosis, influencing both recurrence and survival.
It is important to prevent peritoneal recurrence
after curative surgery to improve the prognosis
of gastric cancer patients. However, to apply this
modality, selection of patients who are at high risk
for peritoneal recurrence is crucial. And, the recent
trend in treatment is the administration of adjuvant
intraperitoneal chemotherapy immediately after

WJG|www.wjgnet.com

CONCLUSION
Gastric cancer is the second leading cause of cancer
death worldwide and more than half of the gastric
cancer patients show disease progression and
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die of peritoneal carcinomatosis. Proper selection
of intraperitoneal chemotherapy in patients with
peritoneal metastasis or patients with potential risk of
peritoneal recurrence may be a promising approach
to improve the prognosis of advanced gastric cancer
patients. Administration of chemotherapeutic agents
with a maintaining high concentration and a high
permeability in the peritoneal cavity is an ideal choice
for intraperitoneal chemotherapy. Moreover, the study
of potential biomarkers from peritoneal washing could
provide valuable information for a better selection of
subsequent treatment combinations.
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Abstract
Hepatocellular carcinoma (HCC) is one of the most
lethal malignancies in the world. Several signaling
pathways, including the wingless/int-1 (Wnt) signaling
pathway, have been shown to be commonly activated
in HCC. The Wnt signaling pathway can be triggered
via both catenin β1 (CTNNB1)-dependent (also known
as “canonical”) and CTNNB1-independent (often
referred to as “non-canonical”) pathways. Specifically,
the canonical Wnt pathway is one of those most
frequently reported in HCC. Aberrant regulation from
three complexes (the cell-surface receptor complex,
the cytoplasmic destruction complex and the nuclear
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signaling pathway.
Wnt signaling plays crucial roles in the regulation of
diverse processes, including cell proliferation, survival,
migration and polarization, embryonic development,
specification of cell fate, and self-renewal in stem
[5]
cells . Aberrant activation of Wnt signaling may
contribute to numerous malignancies, such as colon
[6,7]
[8]
[9]
cancer
, gastric cancer , esophageal cancer ,
[10]
HCC , and others. Approximately 95% of observed
HCC cases showed deregulation of the Wnt signaling
[11]
cascade .
The Wnt signaling pathway is activated via both
catenin beta 1 (CTNNB1)-dependent (also known
as “canonical”) (Figure 1) and CTNNB1-independent
(often referred to as “non-canonical”) pathways (Figure
2). It is suggested that abnormal regulation of the
canonical Wnt signaling pathway is a major and early
[12]
carcinogenic event . The role of the non-canonical
Wnt signaling pathway in HCC is also uncertain.
Some studies have shown that non-canonical Wnt
[11,13]
signaling is activated in HCC
. However, others
have demonstrated that non-canonical Wnt ligands
[14,15]
antagonized canonical Wnt signaling
and inhibited
[15]
HCC cell proliferation and migration . Here, we
present the general molecular pathology of both
the canonical and the non-canonical Wnt signaling
pathways, and also the crosstalk between distinct
signaling cascades and the Wnt signaling in HCC. This
will provide potential clinical implications in finding
effective therapeutic targets.

CTNNB1/T-cell-specific transcription factor/lymphoid
enhancer binding factor transcriptional complex) are
all involved in HCC. Although the non-canonical Wnt
pathway is rarely reported, two main non-canonical
pathways, Wnt/planar cell polarity pathway and
2+
Wnt/Ca pathway, participate in the regulation of
hepatocarcinogenesis. Interestingly, the canonical Wnt
pathway is antagonized by non-canonical Wnt signaling
in HCC. Moreover, other signaling cascades have also
been demonstrated to regulate the Wnt pathway
through crosstalk in HCC pathogenesis. This review
provides a perspective on the emerging evidence that
the aberrant regulation of Wnt signaling is a critical
mechanism for the development of HCC. Furthermore,
crosstalk between different signaling pathways might
be conducive to the development of novel molecular
targets of HCC.
Key words: hepatocellular carcinoma; wingless/int-1;
catenin β1; crosstalk; canonical wingless/int-1 signaling;
non-canonical wingless/int-1 signaling
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The development of hepatocellular carcinoma
(HCC) is regarded as a multistage process in which
multiple genetic alterations are necessary. The wing
less/int-1 (Wnt) pathway is a signaling mechanism
that is frequently activated in HCC, especially the
canonical Wnt pathway. Moreover, two main noncanonical pathways are also involved in the regula
tion of hepatocarcinogenesis. Interestingly, the noncanonical Wnt pathway could antagonize the canonical
Wnt pathway in HCC. Crosstalk between other signaling
pathways and the Wnt pathway has also been shown
to promote tumorigenesis. This review highlights the
details regarding the Wnt pathway in HCC, which might
provide new potential targets for HCC prevention and
therapy.

WNT SIGNALING PATHWAY
Canonical Wnt signaling

Wnt proteins, which are highly conserved in metazoan,
[16]
are a family of 19 secreted glycoproteins . The
canonical Wnt signaling pathway is operated by
stabilizing the transcriptional co-activator CTNNB1
through preventing its phosphorylation-dependent
degradation. In a normal steady state, there are two
pools for CTNNB1 in cells. One is known to interact
with the cell adhesion molecule cadherin 1 (CDH1)
at the cell-cell junction. The second is present in
the destruction complex in cytoplasm, which is
assembled by the scaffold proteins AXIN, the human
tumor suppressor adenomatous polyposis coli (APC),
glycogen synthase kinase 3 beta (GSK3B, also known
[17]
as GSK3β), and casein kinase 1 alpha 1 (CSNK1A1) .
The second pool assembly maintains the low level
of CTNNB1 in cytoplasm through phosphorylation
of CTNNB1 at serine-45 (Ser45), Ser33, Ser37
and threonine-41 by CSNK1A1 and GSK3β in the
[18,19]
destruction complex
. Phosphorylated CTNNB1
is subsequently recognized and ubiquitinated by the
beta-transducin repeat containing E3 ubiquitin protein
ligase (BTRC). BTRC is a component of an E3 ubiquitin
ligase. This process results in the proteasomal de
[20]
gradation of the phosphorylated CTNNB1 . In the
absence of nuclear CTNNB1 translocated from the

Liu LJ, Xie SX, Chen YT, Xue JL, Zhang CJ, Zhu F. Aberrant
regulation of Wnt signaling in hepatocellular carcinoma. World
J Gastroenterol 2016; 22(33): 7486-7499 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i33/7486.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i33.7486

INTRODUCTION
Hepatocellular carcinoma (HCC), the fifth most
common malignancy in men and ninth among women
worldwide, is the second leading cause of cancer
[1]
deaths . There are over half a million new cases
[1]
diagnosed per year . The pathogenesis of HCC
involves a complex multistep process that derives from
the accumulation of aberrant genetic and epigenetic
changes and the dysregulation of certain signaling
[2-4]
pathways
, including the wingless/int-1 (Wnt)
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Figure 1 Canonical wingless/int-1signaling pathway. Three complexes are involved in the dynamic activating event: (1) the cell-surface receptor complex; (2)
the destruction complex in the cytoplasm; and (3) the CTNNB1/TCF/LEF transcriptional complex in the nucleus. In a normal steady state, there are two pools for
CTNNB1 in cells. One is known to interact with CDH1 at the cell-cell junction. The second is present in the destruction complex in cytoplasm, which is assembled
by the scaffold proteins AXIN, APC, GSK3β, and CSNK1A1. CSNK1A1 and GSK3β phosphorylate CTNNB1 in the AXIN complex. Phosphorylated CTNNB1 is
subsequently recognized and ubiquitinated by BTRC. In the absence of nuclear CTNNB1 translocated from the cytoplasm, TCF/LEF proteins bind to DNA and act as
transcriptional repressors by binding to TLE1 proteins. These in turn interact with histone deacetylases whose activities lead to the transcriptional silence of chromatin.
The binding of Wnts to FZDs, which form the cell-surface receptor complex, promotes the binding of scaffold proteins such as DVL to the FZD intracellular domains.
This subsequently induces the aggregation and phosphorylation of LRP6 and the translocation of AXIN. Phosphorylated LRP6 also recruits AXIN to LRP6 on the
plasma membrane. This allows AXIN to be inactivated, which then inhibits CTNNB1 phosphorylation. This in turn allows CTNNB1 to escape degradation, accumulate
in the cytoplasm, and translocate to the nucleus. In the nucleus, CTNNB1 interacts primarily with members of the TCF/LEF family of transcription factors and triggers
the activation of multiple intracellular signaling cascades. This results in the regulation of various cellular functions. CTNNB1: Catenin beta 1; TCF/LEF: T-cell-specific
transcription factor/lymphoid enhancer binding factor; CDH1: Cell adhesion molecule cadherin 1; APC: Adenomatous polyposis coli; GSK3β: GSK3B, glycogen
synthase kinase 3 beta; CSNK1A1: Casein kinase 1 alpha 1; FZD: Frizzled class receptor; BTRC: Beta-transducin repeat containing E3 ubiquitin protein ligase.
[27,28]

cytoplasm, T-cell-specific transcription factor (TCF)/
lymphoid enhancer binding factor (LEF) proteins act
as transcriptional repressors by binding to Groucho/
transducin-like enhancers of split 1 (TLE1) proteins.
The proteins interact with histone deacetylases, leading
[21-23]
to the transcriptional silencing of chromatin
(Figure
1). In conclusion, three complexes are involved in the
dynamic activating event: (1) the cell-surface receptor
complex; (2) the destruction complex in the cytoplasm;
and (3) the CTNNB1/TCF/LEF transcriptional complex in
the nucleus.
Functionally, the Wnt signaling cascade can be
activated through several pathways via stimulation
[24,25]
of distinct Wnt receptors
. In vertebrates, ten
members of the frizzled class receptor (FZD) family
of proteins comprise a series of seven-pass trans
membrane receptors that have been identified as
[26]
Wnt receptors . In addition to FZD proteins, singlepass transmembrane proteins, such as the low density
lipoprotein receptor-related protein (LRP) 5 and LRP6,
have been reported to function as Wnt receptors in

WJG|www.wjgnet.com

the canonical Wnt pathway
. The binding of Wnts
to FZDs which form the cell-surface receptor complex
promotes the binding of scaffold proteins, such as
disheveled (DVL) proteins, to the FZD intracellular
domains. This, in turn, induces the aggregation and
phosphorylation of LRP6 and the translocation of
[29,30]
AXIN
.
Phosphorylated LRP6 also recruits AXIN to LRP6
on the plasma membrane. This allows AXIN to be
inactivated, which then inhibits CTNNB1 phosphorylation.
As a result, CTNNB1 succeeds to escape degradation,
accumulate in the cytoplasm, and translocate to the
[31]
nucleus . In the nucleus, CTNNB1 interacts primarily
with members of the TCF/LEF family of transcription
factors and triggers the activation of multiple intracellular
signaling cascades. This results in the regulation of
various cellular functions, including gene expression, cell
growth and differentiation (Figure 1).

Non-canonical Wnt signaling

Non-canonical Wnt pathways are triggered by seve
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Wnt/Ca pathway: In this pathway, Wnt5a/FZD2 activates phospholipase C via the heterotrimeric G proteins. This leads to the generation of dystroglycan 1 and
2+
inositol-trisphosphate 3, which increase the intracellular Ca flux and levels. The Wnt/FZD complex also activates cyclic GMP-specific phosphodiesterase (PDE6), and

2+

Wnt/PCP pathway: This pathway is often initiated by Wnt5a and Wnt11 through FZD and DVL. Next, small GTPases, such as ras-related C3 botulinum toxin
substrate 2 (RAC1) and ras homolog family member A (RHOA), are activated by formation of the DVL-RAC1 complex and the DVL-dishevelled associated activator
of morphogenesis 1-RHOA complex, respectively. The DVL-RAC1 complex then activates c-Jun N-terminal kinase (JNK). Finally, the triggered RHOA leads to Rho
associated coiled-coil containing protein kinase (Rock) activation. This pathway regulates cell polarity in morphogenetic processes, including gastrulation and neural tube
[32-34]
closure
.

ral possible mechanisms, which are all independent of CTNNB1-TCF/LEF transcriptional function (Figure 2). Among these non-canonical Wnt signaling pathways in
2+
vertebrates, the Wnt/planar cell polarity (PCP) pathway and the Wnt/Ca pathway have been described in the most detail to date.

Figure 2 Non-canonical wingless/int-1 signaling pathway. Non-canonical Wnt pathways are mediated by several possible mechanisms which are independent of the CTNNB1-TCF/LEF transcriptional function, including: (1) Wnt/PCP
pathway; (2) Wnt/Ca2+ pathway; (3) Wnt/RTK pathway; (4) Wnt/CSNK1E/Rap1 pathway; (5) Wnt/cAMP/PKA pathway; (6) Wnt/DVL/aPKC pathway; (7) Wnt/GSK3β/MT pathway; (8) Wnt/MTOR pathway; and (9) Wnt/FYN/STAT3 pathway.
Lines ending with arrows or bars indicate activating or inhibitory effects respectively. Wnt: Wingless/int-1; CTNNB1: Catenin beta 1; TCF/LEF: T-cell-specific transcription factor/lymphoid enhancer binding factor; PCP: Planar cell polarity; RTK:
Receptor tyrosine kinases; CSNK1E: Casein kinase I epsilon; cAMP: Cyclic adenosine monophosphate; PKA: Protein kinase A; DVL: Disheveled; aPKC: Atypical protein kinase C; GSK3β: GSK3B, glycogen synthase kinase 3 beta; MTOR:
Mechanistic target of rapamycin; FYN: FYN proto-oncogene, Src family tyrosine kinase; STAT3: Signal transducer and activator of transcription 3.
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2+

then increases intracellular Ca concentration through
the depletion of cellular cGMP and the inactivation
2+
of cGMP-dependent protein kinase. Ca activates
calcium/calmodulin-dependent protein kinase II and
protein kinase C, which in turn inhibits the canonical
Wnt pathway. This leads to a wide variety of effects,
such as tissue separation during gastrulation in ver
tebrates and ventral patterning in Xenopus species, as
well as cell adhesion, migration, neurodegeneration,
[35-37]
inflammation, and tumorigenesis
.

(aPKC) stabilization and activation via interaction with
DVL. This pathway can promote axon differentiation
mediated by the pulmonary adenoma resistance (PAR)
[45]
3/PAR6/aPKC complex .

Wnt/Receptor tyrosine kinases pathway: The
receptor tyrosine kinases (RTK) of the receptor-like
tyrosine kinase (RYK) and RAR related orphan receptor
A (RORA/ROR2) families function as extracellular
Wnt-binding domains and are implicated in Wnt
[38]
signaling .

Wnt/mechanistic target of rapamycin pathway:
Wnt activates mechanistic target of rapamycin (MTOR)mediated translational regulation in tumorigenesis
via inhibiting GSK3-dependent phosphorylation of
tuberous sclerosis 2 (TSC2). DVL, AXIN and APC are
all involved in it. Activation of the Wnt/MTOR pathway
[47]
promotes cell growth and tumorigenesis .

Wnt/GSK3β/microtubule pathway: Wnt/DVL
increases microtubule (MT) stability through the
concomitant inhibition of GSK3β and activation of
JNK. This pathway is involved in the modulation of
[46]
cytoskeleton dynamics .

Wnt/RYK pathway: RYK binds to Wnt-induced
repulsion of axons and mediates cell migration in
Drosophila and mice. SRC kinase may act downstream
of RYK in flies, wherein it was originally identified as
[36]
Derailed .

Wnt/FYN (FYN proto-oncogene, Src family tyro
sine kinase)/signal transducer and activator
of transcription 3 pathway: Wnt5/FZD2 can be
triggered by FYN through its SH2 domain. The activated
complex subsequently recruits and phosphorylates
signal transducer and activator of transcription 3 (STAT3)
on Tyr705 and finally contributes to the epithelialmesenchymal transition (EMT) program, cellular
[48]
migration, and tumor metastasis .
The non-canonical Wnt pathways have also been
shown to play critical roles, such as in axon differen
tiation, cell adhesion, cell proliferation, migration and
tumorigenesis, in multi-cellular animals.

Wnt/ROR2 pathway: Wnt5a/ROR2 activates the
phosphatidylinositol 3-kinase (PI3K)-cell division cycle
42 (CDC42)-mitogen-activated protein kinase kinase
7-JNK pathway, resulting in the activation of activating
transcription factor 2 and c-Jun and the expression of
[39]
PAPC . ROR2 also binds to the actin-binding protein
[40,41]
filamin A and promotes filopodia formation
. The
Wnt5a/ROR2 pathway inhibits the canonical Wnt
[36]
pathway .

GENETIC MECHANISMS OF WNT
SIGNALING IN HCC

Wnt/casein kinase I epsilon/TERF2 interacting
protein (Rap1) pathway: Wnt8 activates casein
kinase I epsilon (CSNK1E), which enhances the
phosphorylation and degradation of signal-induced
proliferation-associated 1 like 1 (SIPA1L1), a Rap1specific GTPase-activating protein. Rap1 is thereby
activated in a CTNNB1-independent manner. Rap1
regulates actin cytoskeleton and/or cell adhesion
[42]
during vertebrate gastrulation .

Increasing evidences have shown that the Wnt sig
[49-51]
naling pathway plays a vital role in HCC
, especially
[52]
the canonical Wnt pathway . Additionally, two of the
main non-canonical pathways (the Wnt/PCP pathway
2+
and the Wnt/Ca pathway) are also involved in the
[15,53]
development of HCC
. Interestingly, the canonical
pathway is antagonized by non-canonical Wnt signaling
[14,15]
in HCC
. Moreover, other signaling cascades have
also been found to regulate the Wnt pathway through
[54-57]
crosstalk
.

Wnt/cyclic adenosine monophosphate/protein
kinase A pathway: Wnt1/Wnt7a activates the G
protein and adenylyl cyclase (AC) to increase cyclic
adenosine monophosphate (cAMP) levels, which in turn
activates protein kinase A (PKA) and the transcription
factor cAMP responsive element binding protein 1
[36]
(CREB) and myogenic gene expression . Wnt3a can
[43]
also trigger the cAMP/PKA pathway , which could
suppress osteoclast differentiation by PKA-mediated
phosphorylation and inactivate the nuclear factor of
[44]
activated T-cells 1 (NFATC1) .

canonical Wnt signal in HCC

Twenty percent to 90% of HCC cases exhibit CTNNB1
[58]
activation , which promotes cell growth and invasive
capability in c-Myc/transforming growth factor alpha
[59]
transgenic mice . Simultaneous mutation of CTNNB1
[60]
and HRAS leads to 100% incidence of HCC in mice .
However, the molecular mechanism of this process is
less clear. As described above, three complexes are
involved in the dynamic activation of the canonical
Wnt signaling pathway. We discuss this below and

Wnt/DVL/atypical protein kinase C pathway:
Wnt/FZD signaling induces atypical protein kinase C
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according to the regulation of the complexes, including
the cell-surface receptor complex, the cytoplasmic
destruction complex, and the nuclear CTNNB1/TCF/LEF
transcriptional complex.

CTNNB1 knockdown reduces migration and invasion
[80]
of HCC cells . However, the molecular mechanism
for CTNNB1 activation in HCC still needs further
investigation.
Researchers have reported that different degrees
of mutations in CTNNB1 lead to the activation of
CTNNB1. Reported mutations in exon 3 of CTNNB1
[52,81-84]
ranged from 2.8% to 44% in HCC cases
. The
most frequently mutated site is Ser45, the principal
[85]
site for phosphorylation mediated by CSNK1A1 .
Since abnormal CTNNB1 redistribution has
[58]
been reported in up to 90% of HCC cases , and
the mutation rate of CTNNB1 in HCC is unmatched
(2.8%-44%), it is implied that other mechanisms in
addition to the CTNNB1 mutation are involved in the
aberrant regulation of Wnt signaling in HCC. Mutations
of the destruction complex members in HCC are
also reported to contribute to hepatocarcinogenesis.
[52,84,86]
[86,87]
AXIN1
and AXIN 2
mutations are observed
in 5% to 54.2% and around 2.7%-37.5% of HCC
cases, respectively. Conditional disruption of AXIN1
[88]
leads to the development of liver tumors in mice .
However, inactivating mutations of APC and GSK3β
[86]
are quite rare in human HCC cases . Nevertheless,
deletion of APC showed significant connections to
[89,90]
HCC through the activation of CTNNB1
, while
overexpression of wild-type APC in HCC cell lines
reduces canonical Wnt signaling and results in growth
[91]
suppression . Elevated levels of inactive GSK3β are
also observed in both human HCC tissues and mouse
[92-94]
models of HCC harboring CTNNB1 accumulation
.
Suppression of GSK3β activation by phosphorylation of
[92]
Ser9 decreases CTNNB1 activity .
Actually, wild-type and mutated CTNNB1 transgenic
mouse models indicate that abnormal CTNNB1 is not
[95,96]
sufficient for carcinogenic transformation
. More
factors are found in hepatocarcinogenesis mediated by
Wnt signaling. Increasing evidences show that several
etiologic factors which induce HCC might be involved
in the aberrant regulation of canonical Wnt signaling,
including HBV, HCV, and carcinogen exposure.

Dysregulation of the cell-surface receptor
complex in HCC: Most of the Wnt ligands and their
receptors have been reported to be highly expressed in
HCC cell lines. Wnt3, Wnt9a and Wnt10b have displayed
strong expression in most HCC cell lines, independent
of differentiation status. Wnt2b, Wnt4, Wnt5a, Wnt5b
and Wnt7b have been reported as overexpressed in
poorly differentiated cell lines, while Wnt8b and Wnt9b
have been reported as selectively overexpressed in
[14]
well differentiated cell lines . Almost all FZD receptors
(except FZD9 and FZD10) and two co-receptors have
also been reported as overexpressed in HCC cell
[14]
lines . Furthermore, LRP6 has also been found to be
[61]
overexpressed in 38% of HCC .
It has been reported that HCV core protein
correlates with increased Wnt1 and Wnt3a expression
[62,63]
in HCC cell lines
. Interaction between Wnt3a and
FZD7 could activate canonical Wnt signaling in different
[64,65]
groups of HCC studies
. FZD7 overexpression has
been shown to occur in early HCC and to contribute
[65]
to enhanced tumor cell migration . Overexpression
of LRP6 has been shown to lead to hyperactivation of
the canonical Wnt signaling pathway and to result in
enhanced cell proliferation, cell migration, and invasion
[61,66]
of human HCC
.
Altered expressions of several secreted extracellular
antagonists of Wnt ligands, such as secreted Frizzledrelated proteins (SFRP), Wnt inhibitory factor-1 (WIF-1)
and Dickkopf-related protein 3 (DKK-3), have been
detected in HCC. Different SFRPs have been reported
to bind with Wnt and thereby down-regulate their
[67]
ability to activate FZD . Numerous studies have
shown that hypermethylation induces down-regulation
of SFRPs (SFRP1 and SFRP5) and the subsequent
[68-71]
activation of canonical Wnt signaling in HCC
.
Down-regulation of WIF-1 and DKK-3 mediated by
promoter methylation has also been reported to be a
[72,73]
common event in HCC
.
In addition, the scaffold protein DVL, which binds
to the FZD intracellular domain to activate canonical
Wnt signaling, has been shown to be up-regulated in
a c-Myc/E2F transcription factor 1 transgenic mouse
[74]
model of HCC . The antagonisms of DVL, which
negatively regulate the canonical Wnt signaling,
including, dishevelled binding antagonist of beta
[75]
[76]
catenin 2 (DACT2) , Prickle-1
and the human
[77]
homologue of Dapper 1 (HDPR1) , are downregulated in HCC.

HBV-related HCC: A previous study has determined
that mutations in AXIN1 were correlated with HBVrelated HCC, whereas mutations in CTNNB1 were
[97]
correlated with non HBV-related tumors . This
implies that mechanisms other than the mutation of
CTNNB1 are involved in HBV-related HCC. However, a
recent study has shown that genetic polymorphisms in
CTNNB1 might affect tumor development and survival
[98]
in HBV-related HCC . The HBV x gene (HBx) upregulates von Willebrand factor C and EGF domains
(VWCE/URG11) and binds to APC to displace CTNNB1
from the destruction complex, which in turn activates
[99]
CTNNB1 . Thereby, the canonical Wnt signaling is
[100]
triggered .

Abrogation of the cytoplasmic destruction
complex and CTNNB1 activation in HCC: Tumor
formation is accelerated in HCC cells with active
[78,79]
CTNNB1
. Nuclear accumulation of CTNNB1 is
associated with proliferation in HCC cells, whereas
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approximately twice as significant in HCV-related HCC
[101]
compared with other causes
. Additionally, more
studies have proven the tumor-associated role of Wnt
[102]
signaling in HCV-related HCC . It has been reported
that HCV up-regulates microRNA-155 (miR-155),
which promotes the nuclear accumulation of CTNNB1
and an accompanying increase in downstream tar
[103]
gets
. NS5A protein and core protein of HCV may
increase CTNNB1 by activating PI3K and increasing the
[63,104,105]
phosphorylation of GSK3β at Ser9
.

involved in the regulation of hepatocarcinogenesis,
[53]
2+
such as the Wnt/PCP pathway
and the Wnt/Ca
[15]
pathway . However, different factors induce distinct
cell fates within the same pathways.
[118]
Cyclin-dependent kinase 14 (CDK14)
, which is
overexpressed in HCC tissues and confers cell invasive
[119]
potential
, can regulate cell cycle progression
and cell proliferation by specifically interacting with
members of cyclin proteins, such as cyclin D3 and
[120,121]
cyclin Y
. Studies have demonstrated that CDK14
up-regulated DVL2 and Naked1 in non-canonical Wnt
signaling in HCC by forming a direct complex with
[53]
cyclin Y . Exogenous overexpression of CDK14 and
cyclin Y is also able to activate Rho GTPases (RHOA,
RAC1, and CDC42) in HCC. The activated Rho GTPases
[53]
result in the active formation of actin stress fibers ,
[122]
which lead to the modulation of cell motility .
Activation of non-canonical Wnt pathways, under
some conditions, could suppress HCC. For instance,
Wnt11 is reported to activate RHOA and Rock.
Activated Rock subsequently inhibits RAC1 which
contributes to decreased cell migration and motility in
[15]
HCC .
In addition, the same Wnt ligand could also
activate different non-canonical Wnt pathways in HCC.
Exogenous overexpression of Wnt11 in HCC cells could
2+
also increase cytosolic free Ca , and subsequently
activate PKC, which translocates from the cytoplasm to
[15]
the plasma membrane .

Carcinogen exposure-induced HCC: The increased
accumulation of CTNNB1 has been shown in around
[106]
45% of aflatoxin B1 (AFB1)-associated HCC cases .
Further studies indicate that AFB1 exposure might
activate the canonical Wnt signaling pathway by down[107]
regulating miR-34 . However, there is also research
showing a totally distinct role of AFB1 on CTNNB1. The
results suggest that AFB1 down-regulates CTNNB1 in
[108]
HCC . Moreover, HCC is induced in transgenic mice
whose liver tumors showed conditional expression
of CTNNB1 at 6 mo after diethylnitrosamine (DEN)
exposure. However, no tumor is formed in wild-type
mice at 6 mo after DEN exposure, indicating that
overexpression of CTNNB1 accelerates tumorigenesis
[109]
and progression to HCC following DEN exposure .

Activation of the nuclear CTNNB1/TCF /LEF
transcriptional complex in HCC

The human TCF/LEF family consists of four members:
[51]
TCF-1, LEF-1, TCF-3, and TCF-4 . Increased LEF-1 in
HCC tissues is associated with cyclin D1 overexpression
[110]
in the nuclear compartment .
In our previous review, the role of aberrantly
[111]
spliced TCF-4 variants in HCC was discussed
.
Overexpression of TCF-4J in HCC cells up-regulates the
expression level of hypoxia-inducible factor-alpha (HIF[112]
2α) under hypoxia . HIF-2α is capable of modulating
TCF-4-mediated transcriptional activity by interacting
[113]
with CTNNB1
and of up-regulating the expression
[112]
of epidermal growth factor receptor (EGFR)
. HIF
family proteins are involved in the development of HCC
[114]
via promotion of angiogenesis
. EGFR promotes
HCC cell proliferation and resistance to anti-cancer
[115]
drugs
. In addition, a dominant-negative form of
TCF-4 decreases the expression of c-Myc and cyclin
[116]
D1 and suppresses the growth of BEL7402 cells
.
Thirty-three percent of human HCC cases in which
shorter survival periods are observed show c-Myc
[117]
amplification
. Both N terminus of HCV NS5A and
core protein increase TCF-4-dependent transcriptional
activity and subsequently up-regulate the downstream
[63,105]
targets, such as c-Myc and cyclin D1 in HCC
.

Regulation of Wnt signaling by crosstalk in HCC

non-canonical Wnt pathway antagonizes the
canonical pathway: It has been reported that the
non-canonical Wnt pathway can inhibit canonical
[123,124]
Wnt signaling in other cancers
. However, this
phenomenon is rarely reported in HCC. Non-canonical
Wnt ligand Wnt5a has been reported to inhibit TCF
activation mediated by activated CTNNB1 in HCC
[14]
cells . Wnt11, which has been shown to inhibit HCC
cell proliferation, antagonizes canonical Wnt signaling
through phosphorylation of CTNNB1 and reduction
of TCF-mediated transcriptional activity induced by
[15]
activated PKC .
Other signaling pathways activate the Wnt
signaling pathway: Accumulating evidences have
demonstrated that activation of Wnt signaling can act
in concert with other oncogenes, such as transforming
[54]
growth factor beta (TGF-β) , hepatocyte growth factor
[55]
[125]
(HGF)/c-Met pathway , HIF-1α/EMT pathway
and
[57]
insulin/insulin-like growth factor-1 (IGF-1) pathway ,
to promote tumor progression (Figure 3).
Wnt pathway activation may be mediated by
[54,126,127]
TGF-β
. Interactions between the TGF-β and
CTNNB1 pathways are crucial for expression of
[126]
CTNNB1 target genes in HCC
. The TGF-β effector
Smad3 can promote the nuclear translocation of
[128]
CTNNB1
. Recently, AXIN2 was reported to be

non-canonical Wnt signaling in HCC

Rare studies have demonstrated the role of noncanonical Wnt signaling in HCC. Several non-canonical
Wnt signaling pathways have been proven to be
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Akt/ERK
pathway
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FAK

Cyclin D1
TCF

Figure 3 Regulation of wingless/int-1 signaling by crosstalk in hepatocellular carcinoma. The crosstalk between other signaling cascades and the Wnt
signaling pathways involved in hepatocarcinogenesis are shown (see text). Lines ending with arrows or bars indicate activating or inhibitory effects respectively. The
distinct line colors indicate the different pathways that crosstalk with Wnt signaling, including: Wnt signaling pathway (black), TGF-β pathway (green), HGF/c-Met
pathway (blue), HIF-1α/EMT pathway (yellow), and IGF-1 pathway (purple). Wnt: Wingless/int-1; TGF-β: Transforming growth factor beta; HGF: Hepatocyte growth
factor; HIF-1α: Hypoxia- inducible factor-1 alpha; EMT: Epithelial-mesenchymal transition; IGF-1: Insulin/insulin-like growth factor-1.

up-regulated by TGF-β treatment in HCC cell lines,
[129]
resulting in the activation of Wnt signaling
. βIIspectrin (SPTBN1), an adapter protein for Smad3/
Smad4 complex formation during TGF-β signal
[130]
transduction, is down-regulated in HCC cells
. Loss
of SPTBN1 promotes tumor formation and invasion
of HCC cells through suppressing Wnt inhibitor
Kallistatin and subsequently promoting CTNNB1
[130]
dephosphorylation and nuclear localization .
Crosstalk between the HGF/c-Met pathway and the
Wnt pathway might also contribute to the progression
of HCC. C-Met, a tyrosine kinase receptor of HGF,
which can be associated with CTNNB1 at the inner
[131]
surface of the hepatocyte membrane
, is often co[132]
activated with CTNNB1 in HCC
. Co-delivery of
c-Met and constitutively active CTNNB1 into mouse
[132-134]
livers rapidly induced primary hepatic tumors
.
[131]
Monga et al
have shown that HGF treatment could
induce the dissociation of CTNNB1 from c-Met and its
subsequent translocation to the nucleus via tyrosine
phosphorylation. Further studies have determined that
CTNNB1 enhanced c-Met-stimulated focal adhesion
kinase (FAK) activation and synergistically induced
the activation of the AKT/extracellular receptor kinase
(ERK)-Cyclin D1 signaling pathway in a FAK kinase[55]
dependent manner . FAK is also reported to be
[135]
overexpressed in HCC
and required for CTNNB1induced Cyclin D1 expression in a kinase-independent
[55]
way .
EMT is a process of phenotype shifting of cells
associated with embryogenesis, inflammation, and
[136]
cancer metastasis
. HIF-1α is reported to mediate
the hypoxia-induced EMT via up-regulation of
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transcription effectors such as TCF-3, which suppress
[137]
CDH1 expression . HIF-1α can compete with TCF-4
to bind with CTNNB1 and form the HIF-1α/CTNNB1
complex. Increased HIF-1α activity, in turn, leads
to decreased canonical Wnt signaling activity, and
consequently enhanced hypoxia-induced EMT in
[56]
HCC .
Studies have demonstrated that the presence
of insulin/IGF-1 could result in CTNNB1 stabilization
through inhibition of GSK3β activity, which stimulates
[57]
TCF/LEF-dependent transcription activation . The
activation of PI3K/Akt and Ras might mediate the
[57]
inactivation of GSK3β .

CONCLUSION
Development of HCC is a multistage process pre
cipitated by multiple specific molecular alterations.
Several signaling pathways take part in this process,
such as the PI3K/Akt pathway, the Wnt pathway, the
TGF-β pathway, the HGF/c-Met pathway, and the IGF
pathway. Among these, aberrant regulation of the
Wnt signaling pathway appears to be an important
event leading to inappropriate transcription of various
oncogenic target genes. Most importantly, Wnt
signaling might play vital roles in hepatocarcinogenesis
through crosstalking with several different signaling
cascades (Figure 3). However, the molecular mecha
nisms of the crosstalk in HCC context still demand
further investigation.
Considering that targeting the Wnt signaling
pathway might provide potential therapeutics in the
treatment of HCC, extra studies are still needed.
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Our recent study has shown that urolithin A, one
of the intestinal metabolites of ellagic acid, exerts
antiproliferative and antioxidant effects in HepG2 cells
[138]
through the inhibition of canonical Wnt signaling
.
In addition, several types of antagonisms, such as
peptides, small synthetic compounds, and blocking
antibodies, etc. could suppress tumor formation
and metastasis by targeting different factors in
the Wnt pathway. Some of them target the interac
tion between the Wnt ligand and the Fzd receptor;
some target the destruction complex; the others
could target the CTNNB1/TCF/LEF transcriptional
[5,139-141]
complex
. Actually, some commercial medicines
for other diseases have been found to modulate the
Wnt signaling pathway. For instance, antipsychotic
medications like dopamine D(2) receptor antagonist
may treat symptoms of psychosis, at least in part,
[142]
through modulation of the Wnt signaling pathway .
The non-steroidal anti-inflammatory drugs aspirin
and indomethacin attenuate the canonical Wnt
[143]
signaling pathway
. The cyclooxygenase-2 inhibitor
celecoxib can inhibit CTNNB1-dependent transcription
[144]
in colorectal cells
and suppress polyp formation
[145]
in familial adenomatous polyposos patients
.
However, these drugs may function through other
signaling cascades either. Furthermore, there is still
no inhibitor specific to the Wnt signaling pathway that
have progressed to HCC clinical therapy. As a result, a
better definition of the role of the Wnt pathway in the
cascades network during hepatocarcinogenesis may
reveal novel molecular targets which might be used for
therapy of HCC.
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MINIREVIEWS

Split liver transplantation in adults
Koji Hashimoto, Masato Fujiki, Cristiano Quintini, Federico N Aucejo, Teresa Diago Uso, Dympna M Kelly,
Bijan Eghtesad, John J Fung, Charles M Miller
ments in surgical techniques and donor-recipient
matching, however, have allowed expansion of SLT
from utilization of the right trisegment graft to now
include use of the hemiliver graft as well. Despite less
favorable outcomes in the early experience, better
outcomes have been reported by experienced centers
and have further validated the feasibility of SLT.
Importantly, more than two decades of experience
have identified key requirements for successful SLT
in adults. When these requirements are met, SLT can
achieve outcomes equivalent to those achieved with
other types of liver transplantation for adults. However,
substantial challenges, such as surgical techniques,
logistics, and ethics, persist as ongoing barriers to
further expansion of this highly complex procedure.
This review outlines the current state of SLT in adults,
focusing on donor and recipient selection based on
physiology, surgical techniques, surgical outcomes, and
ethical issues.
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Core tip: Split liver transplantation (SLT) in adults is
usually performed with the right trisegment graft or
less frequently with the hemiliver graft. Both graft types
require highly complex surgical techniques. Compared
with the right trisegment graft, hemiliver SLT requires
stricter donor and recipient selection to prevent graft
dysfunction associated with size-mismatch. To achieve
ideal graft-recipient paring, a clear understanding of
surgical anatomy and recipient physiology is needed.
With favorable circumstances, outcomes of adult SLT
can be comparable to whole liver transplantation. The
routine use of SLT, however, remains controversial due
to various challenges, particularly under the current
“sickest first” liver allocation policy.
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Abstract
Split liver transplantation (SLT), while widely accepted
in pediatrics, remains underutilized in adults. Advance
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INTRODUCTION
Liver transplantation using partial grafts was born
in the late 1980’s as a rescue modality for a severe
[1]
pediatric donor shortage. In 1984, Bismuth et al
described a new technique to decrease the size of an
adult liver to fit a pediatric recipient. After successful
experiences with this procedure, a new technique
of “splitting” a whole liver graft was successfully
introduced, allowing the simultaneous transplant of
[2-4]
two recipients from one deceased donor liver
.
Unlike reduced-size grafts, split liver transplantation
(SLT) was initially characterized by higher morbidity
[4,5]
and mortality
. Over time, however, technical
advancements and better donor-recipient selection
have led to more frequent use of SLT and better
outcomes.
In SLT, deceased donor livers most commonly
are split into a smaller left lateral segment (segment
Ⅱ and Ⅲ) for children and a larger right trisegment
(segment Ⅰ , Ⅳ - Ⅷ ) for adults (Figure 1). This
combination has contributed tremendously to the
[6]
reduction of pediatric waiting list mortality . Gains
in knowledge have introduced the use of 2 hemiliver
grafts, a left lobe (segment Ⅰ -Ⅳ ) and a right lobe
(segment Ⅴ-Ⅷ), for transplant in 2 adults or adultsized recipients (Figure 1). Although hemiliver SLT
theoretically doubles the number of liver grafts for
adults, this technique has been underutilized due
[7]
to technical, logistical, and ethical challenges .
Further advancement of SLT for adults requires a full
understanding of the current state of SLT, focusing on
the unique aspects of partial grafting from deceased
donors. This review outlines existing practice in adult
SLT, including donor and recipient matching, surgical
techniques, and outcomes. Finally, ethical issues of
adult SLT will be discussed, including how to justify SLT
vs whole liver graft transplant and in what situations
SLT provides the best benefits under the current liver
allocation system guided by the Model for End-Stage
Liver Disease (MELD) score.

Right trisegment

Figure 1 Graft types for split liver transplantation. The most common type
is the left lateral segment graft (segment Ⅱ and Ⅲ) for children and the right
trisegment graft (segment Ⅰ, Ⅳ-Ⅷ) for adults. In hemiliver splitting, the liver is
split on the right side of the middle hepatic vein to yield the left hemiliver graft
(segment Ⅰ-Ⅳ) and the right hemiliver graft (segment Ⅴ-Ⅷ) for 2 adults or
adult-sized recipients.

not a contraindication. Donor liver enzymes should
[11,12]
be normal or mildly elevated
. If other risk
factors are absent, split grafts with higher values
[9,10]
of liver enzymes can be used
. While the impact
of donor hypernatremia remains unknown, it can
be unfavorable. The presence of obesity, history of
heavy alcohol use, and low platelet counts upon
donor admission could be a surrogate for hidden
negative pathophysiology such as graft steatosis and
fibrosis. The use of vasopressor to maintain donor
hemodynamics can increase the risk of poor graft
quality. Despite the lack of scientific evidence, these
factors seem to be important to determine whether
the liver is suitable for SLT.
During organ recovery, visual and manual eva
luation by the donor team is of utmost importance.
In the presence of abnormal visualization, a liver
biopsy should be performed to rule out any pathology
including macrosteatosis, inflammation, fibrosis, and
cholestasis. When other donor and recipient factors are
ideal, the presence of mild steatosis or inflammation is
acceptable. Once the decision is made to proceed with
splitting, coordination between donor and recipient
teams is crucial in order to minimize cold ischemia
time, which is the only modifiable donor factor.

DONOR AND RECIPIENT MATCHING

Recipient selection

Donor selection

Once a donor liver is deemed to be splittable, choosing
and matching an appropriate recipient is extremely
important. Hemiliver SLT for adult recipients carries
the potential risk of graft failure due to size mismatch,
but with a right trisegment graft, graft size does
not usually influence surgical outcomes. Recipient

Careful donor selection and thorough consideration
of split graft quality are essential in adult SLT. The
upper donor age limit for SLT generally is considered
[8-10]
to be between 40 and 50 years of age
. Prolonged
ICU stay before organ recovery is unfavorable, but
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Figure 2 Single venous outflow of the left hemiliver graft. A large common
channel of the left and middle hepatic veins is seen.

Figure 3 Left hemiliver graft with the celiac trunk (arrow). In this hemiliver
split, the celiac trunk was retained with the left lobe graft and the remaining
structures including the vena cava, main portal vein, and common hepatic duct
were retained with the right lobe graft as described by Bismuth[3].

selection, therefore, can be more liberal with SLT
utilizing a right trisegment graft than when hemiliver
[7]
grafts are used . Equally important, a right trisegment
graft provides venous outflow similar to a whole liver
graft and will generally tolerate portal hypertension
[7]
in recipients . On the other hand, recipient selection
for hemiliver SLT requires more comprehensive
assessment. Generally, teenagers or small adults with
minimal portal hypertension are ideal recipients for
hemiliver grafts. The use of hemiliver grafts for highrisk recipients, such as those with high MELD scores or
[13]
severe portal hypertension, remains controversial .
Larger grafts should be used for recipients with severe
portal hypertension in order to avoid small-for-size
[10]
syndrome .
For living donor liver transplantation (LDLT),
in order to meet a recipient’s metabolic demand,
the minimal graft size has been reported to be as
small as a graft-to-recipient weight ratio (GRWR) of
[14,15]
0.6%-0.8%
. In contrast, the acceptable minimal
graft size in adult SLT is unknown. Because split grafts
have often experienced prolonged cold ischemia and
brain death-related hemodynamic instability, recipients
receiving split grafts appear to require a higher
[16]
[9]
GRWR . Lee et al reported that a GRWR of 1.0%
was the minimal requirement in hemiliver SLT to avoid
early graft dysfunction. To achieve such graft-recipient
matching, split grafts should be taken from larger
[10]
donors and transplanted into smaller recipients .

should be noted that since these estimations are not
always accurate, graft weight can be underestimated
to increase the risk of small-for-size related graft
failure. Therefore, direct assessment by donor
surgeons is quite important.

SURGICAL TECHNIQUES
Sharing patterns of split grafts

Lack of consensus regarding sharing patterns of
major vessels and bile ducts between 2 split grafts,
particularly when a liver is shared by 2 different
centers, is one of the most important technical
challenges facing SLT. The ideal and most favorable
sharing pattern was originally described by Bismuth
[3]
et al in 1989. The principle concept of this sharing
pattern is its avoidance of multiple small branches
that would need to be reconstructed in recipients.
Impeccable knowledge of surgical liver anatomy is
crucial to understand why this sharing pattern is ideal
in SLT. The left lobe frequently has a single branch of
the portal vein, hepatic duct, and venous outflow that
is a common channel of the left and middle hepatic
veins (Figure 2), but multiple branches of small hepatic
arteries often exist. On the other hand, the right lobe
often has a single right hepatic artery, but multiple
branches are commonly seen in the venous drainage,
hepatic duct, and portal vein. According to the original
sharing pattern by Bismuth, the left-sided graft retains
the celiac trunk leaving a single right hepatic artery in
the right-sided graft in order to avoid multiple small
branches of hepatic artery in the left-sided graft (Figure
3). Then, the right-sided graft retains the remaining
main branches, including the common hepatic duct,
[3]
main portal vein, and vena cava . Such a sharing
pattern can lower the risk of surgical complications by
avoiding multiple complex anastomoses. In current
clinical practice, however, the primary transplant
team often prefers to keep all main branches without
consideration of actual donor anatomy or recipient
needs, even leaving small multiple branches in the

Graft size

Graft size estimation is crucial in hemiliver SLT. Since
liver imaging is rarely available in deceased donors,
graft size estimation usually relies on standard
calculation formulas using donor body surface area
or body weight: whole liver volume (mL) = 1072.8 ×
2
[17]
body surface area (m ) - 345.7 for Caucasians
and
2
[18]
706.2 × body surface area (m ) + 2.4 for Asians .
More simply, whole liver weight can be estimated as 2%
[19]
of donor body weight . Lobe size can be determined
based on standard lobar distribution, approximately
35% for the left lobe and 65% for the right lobe. It
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Recipient surgery

Excellent venous outflow is essential for successful
SLT. Since the right trisegment graft usually retains the
entire vena cava, caval anastomosis can be done with
either the piggyback or the standard technique, as is
done in whole liver transplantation. Such anatomical
advantage promises excellent venous outflow. In SLT
using the left hemiliver, our standard technique at
Cleveland Clinic uses the common channel of the left
and middle hepatic veins anastomosed to the recipient
venous cuff created with all 3 hepatic veins as the
piggyback technique in whole liver transplantation
(Hashimoto, unpublished data). This technique
promises excellent venous outflow. When the vena
cava is retained with the right hemiliver graft, excellent
venous outflow can be achieved with a new middle
hepatic vein draining into the donor vena cava (Figure
4). When the vena cava is not retained with the right
hemiliver graft, a complex venous reconstruction is
necessary, as is done with LDLT. Portal inflow should
[22]
be modified in split grafts of marginal size . Splenic
artery ligation, splenectomy, and hemi-portocaval
shunt are well known techniques for portal inflow
modification. Of these, the use of hemi-portocaval
shunt is controversial because of increased risk of
[23]
portal steal phenomenon . In biliary reconstruction,
unnecessary tissue dissection disrupts blood supply to
the recipient bile duct and increases the risk of biliary
ischemia, bile leak and stricture. Thus, the minimal
dissection technique utilized in LDLT should be used
for SLT to optimize blood supply to the recipient bile
duct, particularly when choledococholedocostomy is
[24]
performed .

Figure 4 Right hemiliver graft with new middle hepatic vein. Implantation
was performed using the conventional caval interposition technique. Two
arrowheads indicate caval anastomoses. To prevent venous congestion in the
anterior segment, an iliac vein graft was used to create new middle hepatic vein
that is anastomosed to the orifice of the left and middle hepatic veins on the
graft vena cava (arrow). From Hashimoto et al[10].

contralateral graft. While the primary team has the
priority to keep main branches, the final decision
should be made with flexibility based on donor
[10]
anatomy and recipient need . Such comprehensive
sharing by 2 teams facilitates increased use of split
grafts and improves recipient outcomes.

Donor surgery

SLT is a unique operation that requires establishing 2
complete sets of vascular inflow and outflow as well
as biliary drainage from one liver graft. SLT organ
recovery requires highly complex surgical techniques.
Detailed techniques of in situ splitting are described
[20]
previously . The first and most important step for
successful SLT is the capability of donor team to make
a timely and reliable decision about whether to proceed
with splitting. In order to achieve this, the donor team
needs to fully understand the recipient situation,
including body size, medical urgency, severity of portal
hypertension, and surgical anatomy. With visualization
of the donor liver, careful assessment of suitability for
SLT should be conducted in terms of size, quality, and
anatomy. Intraoperative cholangiogram is mandatory
to determine splittability. Second, donor operation
time should be minimized because of frequent
hemodynamic instability in brain dead donors and
to avoid compromising graft quality of other organs
to be recovered. Hepatic hilar dissection also should
be minimized, except for anatomical assessment,
because this step can be performed safely on the
back table. Liver hanging maneuver is effective for in
[20,21]
situ parenchymal transection
. It is important to
have a low threshold to cross clamp in case the donor
becomes unstable during in situ splitting, necessitating
a switch to the ex vivo technique. Finally, complex
back table procedures include the division of vessels
and bile duct and venous reconstruction to facilitate
venous drainage of the anterior segment in the right
[20]
lobe graft .

WJG|www.wjgnet.com

OUTCOMES
Right trisegment grafts

SLT using the right trisegment graft initially had an
increased risk of morbidity and mortality in adult
[4,5]
recipients . While surgical outcomes have improved
with experience, outcomes for right trisegment graft
[25]
transplantation are still controversial . Due to the
procedure’s technical complexity, the incidence of
biliary and vascular complications can be as high as
40% and 25%, respectively. However, when multiple
risk factors are avoided (short ischemia time, nonurgent recipient status, young donor age, etc.),
the right trisegment graft can achieve excellent out
comes and is no longer considered to be marginal by
[26,27]
experienced centers
.

Hemiliver grafts

Data of hemiliver SLT for 2 adults are limited. Aseni et
[28]
al
reported a recent Italian multicenter experience
of hemiliver SLT, showing inferior 5-year survival
compared to whole liver transplantation (63% vs
83%). However, under certain circumstances, longterm survival after hemiliver SLT is equivalent to
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smaller whole liver graft. To justify the use of split
grafts, SLT needs to show similar or better outcomes
compared to whole liver transplantation, as LDLT
[36]
has been able to demonstrate . Unfortunately, SLT
is not yet considered the standard of care for adult
recipients, but it does potentially give recipients
greater opportunity for a life-saving transplant. Given
unanswered ethical questions, however, recipients
should have the unequivocal right to refuse a split
graft with complete and accurate national and centerspecific information. Thorough discussion of the risks
and benefits of SLT with transplant candidates should
take place at the time of evaluation, listing, and organ
[37]
offer .

3.0

GRWR (%)

2.5
2.0
1.5
1.0
0.5
0.0

P < 0.05
No
Yes
Severe portal hypertension

Figure 5 Distributions of graft-to-recipient weight ratio in recipients who
received hemiliver grafts at Cleveland Clinic. With ideal graft-recipient
matching, the majority of recipients achieved a graft-to-recipient weight ratio
(GRWR) > 1.0%. More importantly, hemiliver grafts with low GRWR were
avoided in recipients with severe portal hypertension in order to prevent smallfor-size related graft failure. A line within the box indicating the mean and the
lower and higher boundaries of the box indicating the 25th and 75th percentile,
respectively. Whiskers below and above the box indicate the 10 th and 90th
percentiles. From Hashimoto et al[10].

Split liver transplantation in adults under MELD
allocation

The use of split grafts for high MELD recipients
[10,13]
is controversial
. Under the philosophy of the
“sickest first” liver allocation, splittable donors are
often allocated to those with a high MELD score who
are generally unsuitable for SLT. When a donor liver
is splittable, the best reason to proceed with SLT is
when a primary recipient is too small to receive a
large whole donor liver. Since small adult candidates
are often bypassed on the waiting list when a large
donor becomes available, SLT can overcome the
large-for-size mismatch and increase opportunity
for transplantation for these candidates. For small
recipients, split grafts can provide enough liver volume
to tolerate portal hyperperfusion, which is considered
to be one of the major factors resulting in small-forsize related graft failure. According to our experience,
after the primary recipient is transplanted, the leftover
split graft can be used safely and effectively for the
[10]
secondary recipient with similar outcomes . While
this graft-recipient combination helps achieve excellent
survival after SLT, such ideal matching rarely happens
under the MELD allocation. Even with ideal matching,
various challenges and higher complication rates result
in the underutilization of split grafts, particularly when
hemiliver SLT is indicated.

[9,10,12,29]

whole liver transplantation or LDLT
. Impor
tantly, the impact of graft size on survival seems to
be more prominent in hemiliver SLT compared to
the right trisegment graft. Accordingly, appropriate
graft-recipient selection is critical to avoid small-forsize grafting and to promote optimal outcomes. As
mentioned in Recipient selection, when a GRWR is
greater than 1.0%, hemiliver graft survival appears to
[9]
be favorable . Our experience at Cleveland Clinic also
demonstrates that avoiding smaller grafts for recipients
with severe portal hypertension facilitates desirable
[10]
outcomes (Figure 5) . This strategy increases safety
and effectiveness of hemiliver grafts and could result in
wider application of hemiliver SLT.
The small-for-size grafts that can result from SLT,
particularly hemiliver grafts, often receive excessive
portal flow, which causes hepatic arterial spasm via
[30,31]
hepatic arterial buffer response
. Importantly, this
[31]
may increase the risk of hepatic artery thrombosis .
Such arterial spasm can cause poor blood supply to
the graft biliary system, resulting in an increased risk
[32]
of biliary complications . Another important surgical
risk is early graft failure due to graft-recipient size
mismatch. When a small-for-size graft is used for a
recipient with severe portal hypertension, modification
of the portal inflow may be necessary to prevent graft
failure. If this occurs, early retransplantation should be
considered before the onset of renal failure or sepsis.

CONCLUSION
SLT is an important technique to increase the avai
lability of livers for adults in need of life-saving liver
transplantation. As experience has grown worldwide,
resulting in technical advancements and better donorrecipient matching, this highly complex surgical
technique has become more feasible and has achieved
excellent outcomes. However, the routine applica
tion of adult SLT will only be possible when certain
challenges are addressed and resolved. While ideal
donor-recipient matching is hindered under the current
“sickest first” liver allocation, patients can still benefit
from SLT under certain circumstances. Continued
experience and advancement of SLT will better define
the role of SLT in addressing the current severe donor

ETHICAL ISSUES
Split graft vs whole liver graft

Creating two extended criteria split grafts from
a standard criteria whole liver raises a variety of
[33,34]
ethical issues
. Since partial grafting per se is
[35]
a risk factor for graft failure , one ethical issue is
whether it is best to proceed with SLT or wait for a
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shortage and reducing wait list mortality in adults.
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Abstract

Mehnaaz S Khuroo, Department of Pathology, Govt. Medical
College, Srinagar, Kashmir 190001, India

Hepatobiliary and pancreatic ascariasis (HPA) was
described as a clinical entity from Kashmir, India in
1985. HPA is caused by invasion and migration of
nematode, Ascaris lumbricoides , in to the biliary tract
and pancreatic duct. Patients present with biliary colic,
cholangitis, cholecystitis, hepatic abscesses and acute
pancreatitis. Ascarides traverse the ducts repeatedly,
get trapped and die, leading to formation of hepato
lithiasis. HPA is ubiquitous in endemic regions and
in Kashmir, one such region, HPA is the etiological
factor for 36.7%, 23%, 14.5% and 12.5% of all
biliary diseases, acute pancreatitis, liver abscesses
and biliary lithiasis respectively. Ultrasonography is
an excellent diagnostic tool in visualizing worms in
gut lumen and ductal system. The rational treatment
for HPA is to give appropriate treatment for clinical
syndromes along with effective anthelmintic therapy.
Endotherapy in HPA is indicated if patients continue
to have symptoms on medical therapy or when worms
do not move out of ductal lumen by 3 wk or die
within the ducts. The worms can be removed from the
ductal system in most of the patients and such patients
get regression of symptoms of hepatobiliary and
pancreatic disease.
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years, we appreciated that ascariasis, in addition to
biliary disease causes hepatic and pancreatic disease
[6]
in a substantial percentage of patients and to include
these components of the disease in definition, named
[7]
it as HPA . We appreciated that ERCP had limita
tion as a diagnostic tool for HPA, as it was invasive
and not available to primary care physicians in the
[8]
community . To circumvent this, we established
[9,10]
ultrasound as an excellent diagnostic modality
.
We defined HPA as an important healthcare concern
in this community and over a period of 9 years (1983
[2]
to 1991), identified 500 patients with HPA and 263
[3]
patients with hepatolithiasis (an aftermath of biliary
ascariasis in this community) from a single center from
Kashmir, India. We reported on the natural course of
[11]
HPA and established the algorithm for management
[7,12-15]
of this entity including role of biliary endotherapy
.

Core tip: Ascaris lumbricoides infects more than 1.4
billion people throughout the world. The impact
of diseases caused by the parasite had been unde
restimated. Hepatobiliary and pancreatic ascariasis
(HPA) as a clinical entity came in to limelight of late
with developments in biliary imaging. Now the disease
is recognized as major health problem in endemic
regions of the world. However, clinicians all over the
world need to be aware of HPA as the disease can be
seen in nonendemic areas in migrant population. This
article shall focus on the impact of HPA in healthcare
in endemic zones and highlight the diagnosis and
management options.
Khuroo MS, Rather AA, Khuroo NS, Khuroo MS. Hepatobiliary
and pancreatic ascariasis. World J Gastroenterol 2016;
22(33): 7507-7517 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i33/7507.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i33.7507

ASCARIS LUMBRICOIDES
Morphology

Ascaris lumbricoides inhabits gastrointestinal tract of
[16]
humans . The adult worm life span is around 6 to
18 mo. The adult worm is long, elongated, cylindrical
organism with sexual dimorphism. The dimensions
of male ascaris are around 15-30 cm × 2-4 mm and
female dimensions are 20-40 cm × 3-6 mm. The worm
has outer chitinous layer forming the integument of the
organism. They reveal strong motor activity through
single layer of longitudinal muscle. The worm is devoid
of circular muscle fiber layer. The body cavity contains
all the viscera including alimentary canal, excretory
system, nervous system and the reproductive system.
Alimentary tract is a longitudinal canal and consists of
mouth, pharyngeal cavity, esophagus, midgut, rectum
and cloaca. Excretory system extends all along body as
2 linear streaks. The male and female genital organs
are well developed in both sexes. The female releases
an estimated 240000 eggs per worm per day. The
egg may be fertilized or unfertilized. The fertilized egg
(size: 30-40 × 40-60 µm) is ovoid, mamillated, and
golden brown and shows evidence of embryonation.
The unfertilized egg is elongated (88 to 95 × 44 µm)
with thin shell, irregular outer surface and poorly
[17,18]
differentiated retractable granules inside
.

INTRODUCTION
Hepatobiliary and pancreatic ascariasis (HPA) is caused
by entry of the nematode, Ascaris lumbricoides (A.
lumbricoides), from the duodenum in to the biliary
[1]
and pancreatic ductal lumen . Patient present with
wide spectrum of symptoms of biliary and pancreatic
[2]
disease . On repeated invasion, worms often cannot
come out of the ductal lumen and die. Subsequent to
worm death, sludge and stones form within the bile
and hepatic ducts and evolves in to clinical entity of
[3,4]
recurrent pyogenic cholangitis .

HISTORICAL BACKGROUND
HPA as a clinical disease was described from Kashmir,
[1]
India in 1985 . Ascariasis is common infection in
Kashmir, India. Around 70% population especially
[5]
children are infected with this helminth . Surgeons
of this region had encountered worms in the bile
ducts rarely in their entire surgical practice and
impact of this disease in the community had never
been highlighted. The organism is highly motile and
can move in and out of ducts over short periods
and was not expected to be present in the ducts at
surgery. With advancement in biliary endoscopy, we
investigated the epidemiology of hepatobiliary and
pancreatic disease caused by ascariasis in Kashmir,
India. Over a 6-mo period, endoscopic retrograde
cholangiopancreatograms (ERCPs) were performed
in 160 patients presenting with upper abdominal pain
[1]
to the emergency room of a tertiary care hospital .
Thus, ascariasis was nearly as common as gall stones
in causing biliary and pancreatic disease. The clinical
features, radiological findings and treatment out
[1]
come of these patients was evaluated . Originally we
named this disease as “Biliary ascariasis”. Over the
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Life cycle

A. lumbricoides is a geohelminth and requires moist,
shady soil for embryonation of the eggs. Normal
habitat for the adult is the jejunum. Four stages in
the life cycle include: embryonation, ingestion, larva
migration and maturation (Figure 1). Ascaris eggs pass
out with the feces. The fertilized eggs embryonate in
around 2 wk’ time period and molt twice to transform
to infective larvae. Eggs remain viable and infective
in soil for 10 years. Infective larvae are ingested and
start human infection. Eggs are dissolved in stomach
by gastric juice and rhabdoid larva of 200 to 300
um are released. The larvae reach the caecum and
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Table 1 Clinical syndromes related to ascariasis in endemic
areas

Larva

Disease
classification

Larva
maturation

Pathogenesis

Clinical syndromes

Ascaris
pneumonia

Larval migration Self-limiting pneumonia
Status asthmaticus needing ICU
in lungs
admission
Intestinal
Ascarides
Intestinal obstruction, bowel
ascariasis
aggregation in infarction and gangrene
small bowel
lumen
Appendicular
Ascaris blocking Appendicular colic, appendicitis,
ascariasis
appendix orifice appendicular gangrene
Peritoneal
Ascaride-related Peritonitis, septic shock
ascariasis
gut perforation
Gastric ascariasis Ascarides in
Pyloric obstruction (ascaris in
stomach and
antrum and blocking pylorus)
Nocturnal chocking (ascaris
esophagus
traversing in to gullet at night)
Unique retrosternal itching
(ascarides in fundus and lower
esophagus)
Hepatobiliary
Duodenal
Biliary colic (duodenal ascariasis)
Acute cholangitis (hepatic
and pancreatic
ascariasis
ascariasis; massive worm load can
ascariasis
invading
cause septic cholangitis and shock)
ampullary
Acalculous cholecystitis
orifice
(choledochal or gall bladder
ascariasis; ascarides in gall bladder
may cause gall bladder gangrene)
Hepatic abscess (hepatic ascariasis)
Acute pancreatitis (duodenal
ascariasis or pancreatic ascariasis,
ascaride in pancreatic duct can
cause necrotizing pancreatitis)
Hepatolithiasis (dead ascarides
in hepatic ducts forming nidus of
sludge/stones)
Stunting of
High ascaride
growth, cognitive load in children
dysfunction and
malnutrition

Pulmonary
migration

Adult
worm
Excystment
Ingestion

Ovulation

Infective
stage

Soil
(embryonation)

Egg

16 cell
stage
2 cell stage

8 cell stage
4 cell stage

Figure 1 Life cycle of Ascaris lumbricoides. Adapted from khuroo et al[5].

penetrate across mucosa in to portal vein radicle and
reach liver. Larvae again molt twice and considerably
enlarge in size. They cross the hepatic sinusoids in
to hepatic veins and right heart and reach lungs.
Larvae penetrate in to alveoli and traverse along
tracheobronchial mucosa to reach larynx, where they
are swallowed. Larvae attain sexual maturity in upper
small bowel and transform in to adult male and female
ascarides. The time taken from ingestion to maturation
[5,16]
is around 4 mo
.

individuals with heavy worm-load (Table 1). Estimated
1.2 to 2 million cases of clinical disease occur per
year with around 20000 deaths. Ascaris during
pulmonary migration and maturation causes the
[19,20]
syndrome of Ascaris pneumonia
. It occurs 4 to
16 d after ingestion of the infective larvae and lasts
for 2 to 3 wk. Patients present with seasonal frequent
spasmodic cough and wheezing, shortness of breath,
and retrosternal distress. Children may present with
status asthmaticus, needing intensive care. Diagnosis
is established by peripheral eosinophilia and presence
of filariform larvae in sputum or gastric aspirate (Figure
2). Ascaris-induced intestinal obstruction is common
[21-24]
occurrence in children in endemic areas
. It is
caused by aggregated worm mass blocking the bowel
lumen. Massive worm aggregates may cause bowel
infarction and gangrene, needing bowel resection
(Figure 3). Peritoneal ascariasis occurs due migration of
worms in to the peritoneum. In endemic areas worms
may enter appendix lumen and cause appendicular

Global prevalence

Ascariasis is prevalent worldwide with an overall
prevalence of 25%. An estimated 1.4 billion people
are infected. Ascariasis is ubiquitous in the Indian
subcontinent, China, African continent and Latin
America. The prevalence in Japan has dropped over
time and now is around 0.04% only. The infection is
uncommon in large cities in Europe; however, some
rural area have high prevalence. In United States,
around 4 million people are infected and ascariasis is
the third common helminth infection. Most of those
[5,7]
infected are immigrant from developing countries .

Clinical disease

[16]

Majority of ascaris infections are asymptomatic .
Clinical disease is restricted to small percentage of
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Hepatobiliary and pancreatic
diseases (n = 109)

Liver abscess
(n = 510)
14.5%

36.7%

Biliary lithiasis
(n = 2104)

Acute pancreatitis
(n = 256)

12.5%

23%

Figure 2 Sputum examination of a child with ascaris pneumonia showing
filariform larva.
Figure 4 Impact of hepatobiliary and pancreatic ascariasis as an etiologic
factor in biliary disease, hepatic abscesses, biliary lithiasis and acute
pancreatitis. Numbers in parenthesis shows number of patients with disease and
percentages are those caused by ascariasis. Adapted from Ref. [1,3,6,37].

reported from several regions of India. This is related
to density of worm load in the community. HPA is
restricted to population with high endemicity with
[5]
high worm load in the population . Prevalence of
HPA was estimated by ultrasound in urban population
in Kashmir. Five (0.45%) of the 1104 subjects
evaluated had evidence of hepatobiliary and pancreatic
[36]
ascariasis . The impact of HPA on healthcare in
Kashmir, India is phenomenal. A. lumbricoides is
the etiological factor for 36.7% of patients with
[1]
hepatobiliary diseases , 23% of patients with acute
[6]
[37]
pancreatitis , 14.5% patients with liver abscesses
[3]
and 12.5% patients with biliary lithiasis (Figure 4).

Figure 3 Massive aggregate of ascarides within jejunum causing obs
truction, infarction and gangrene of bowel necessitating bowel resection.
Adapted from Khuroo[5].

Pathogenesis

colic, acute appendicitis and may lead to gangrene
[25]
of appendix . Syndrome of gastric ascariasis occurs
[26]
when worms migrate to stomach and esophagus .
Gastric ascariasis causes unique dyspeptic symptoms
which include worm-related pyloric obstruction,
recurrent nocturnal chocking and retrosternal irritation.
HPA is a common and well-described entity caused
[5]
by ascariasis . Children in endemic area with heavy
worm-load present with stunting of linear growth and
defects in cognitive functions. Children may also show
signs of malnutrition as a result of stealing of nutrients
[5]
by the worms .

HEPATOBILIARY AND PANCREATIC
ASCARIASIS
Prevalence

HPA is a disease prevalent in endemic areas of world.
Large series of patients have been published from
[2]
[27]
several states of India including Kashmir , Kolkata
[28]
and Assam
and several other endemic countries
[22,29]
[30]
[31]
namely Saudi Arabia
, Syria , Philippines
[24,32-35]
and South Africa
. However, HPA has not been
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[16]

Ascaris natural habitat is jejunum . HPA is initiated by
proximal movement of the organisms in to duodenum
(duodenal ascariasis). Heavy worm-load is the main
[5]
factor for forward march of the ascarides (Figure 5) .
They have a propensity to explore the orifices and in
duodenum, the organism repeatedly enters in to and
out of the orifice of ampulla of Vater. The adult worm
blocks the ampullary orifice and obstructs both the
bile and the pancreatic duct. In addition, the writhing
movements of the worm excites marked sphincter
[38]
spasm and dysmotility . Patient with duodenal
[2]
ascariasis present with severe biliary colic (Figure
6). Some of these patients may present with acute
[6]
pancreatitis . Ascarides often enter the bile duct and
traverse up along the bile duct lumen (choledochal
ascariasis). Ascarides placed in the bile duct lumen
enter and obstruct the cystic duct orifice causing
obstructive cholecystitis (Figure 7). The ascarides often
move in to intrahepatic ducts (hepatic ascariasis).
Left ductal system is more often reached than right
ductal system. While in hepatic ducts, worms lead to
various grades of acute cholangitis. A proportion of
such patients present with suppurative cholangitis,
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High worm load
(Habitat-jejunum/ileum)
Worm forward march/movement
Duodenal ascariasis
Pregnancy, biliary surgery and endotherapy
Worm invasion
ampullary orifice,
CBD, HD, CD, GB, PD

Worm exit

Syndrome of HPA

Worm trapped in the ducts/death

Reinvasion

Nidus

Infection/deconjugation

Sphincter dysmotility/stasis

Hepatolithiasis, sludge, strictures, ectasia, arrowheads
Asymptomatic

Reinfection
Recurrent pyogenic cholangitis

Figure 5 Pathogenesis and natural course of hepatobiliary and pancreatic ascariasis in high endemic regions.

A

B

C

Figure 6 Duodenal ascariasis presenting as biliary colic. A: Duodenoscopy showing adult ascaride in the ampullary orifice; B: Endoscopic retrograde cholangiogram
showing long linear filling defect in the common bile duct; C: Cholangiogram after extraction of worms from bile duct. Patient had immediate relief of biliary colic. Adapted
from Khuroo[5].

A

B

Figure 7 Choledochus ascariasis blocking orifice of cystic duct, causing acute obstructive cholecystitis, needing emergency cholecystectomy. A:
Endoscopic retrograde cholangiogram showing linear filling defect in common bile duct (black arrows). Cystic duct and gall bladder is grossly dilated (white arrows); B:
Gall bladder showing inflamed gall bladder with 2 adult ascarides and few stones around macerated dead worm. Adapted from Khuroo[5].
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A

B

Figure 8 Hepatic ascariasis presenting as suppurative cholangitis. A: Endoscopic retrograde cholangiogram showing palisading of ascarides in common bile
ducts and hepatic ducts; B: Duodenoscopic view showing pus exuding from ampullary orifice.

A

Figure 9 Pancreatic ascariasis presenting as necrotizing pancreatitis.
A linear filling defect is seen all along the pancreatic duct (straight arrows).
A stricture is seen in the tail region (curved arrow) reminiscent of pancreatic
necrosis. Adapted from Khuroo et al[2].

Figure 10 Recurrent pyogenic cholangitis aftermath of biliary ascariasis.
A: Endoscopic retrograde cholangiogram obtained 5 years prior to present
admission revealing two long linear smooth filling defect in the common and left
hepatic duct (arrows); B: Cholangiogram performed during present admission.
Cholangiogram revealed biliary dilatation with multiple filling defects and
cholangitic changes in the common hepatic, right and left hepatic duct. Nasobiliary tube is in place to treat pyogenic cholangitis. Adapted from Khuroo et al[4].

septicemia and septic shock and need intensive care
management and urgent endotherapy to decompress
[2]
biliary tract (Figure 8). Less often ascarides enter
the gall bladder (gall bladder ascariasis) and such
[10]
patients present with biliary pain and cholecystitis .
Rarely ascarides may enter pancreatic duct (pancrea
tic ascariasis) (Figure 9). Patients with pancreatic
ascariasis often present with severe necrotizing pan
[6,39,40]
creatitis, which may be fatal
.
Ascarides make repeated traverses in to and out
of the ductal lumen, as long as they are alive. Ascaris
mobility within the ducts is maintained usually till 10 d
on serial ultrasound examinations and have a chance
to move out of ducts. Often, the ascarides get trapped
inside the bile ducts, die and become the nidus and
source of biliary sludge and brown pigment biliary
[4,41-43]
calculi (Figure 10)
. Gallbladder is often spared of
the stone formation. The stones in the hepatic ducts are
related to number of reasons. Dead worm fragments
and ascaris ova form a nidus and ideal sites for stone
formation. The enteric organisms usually Escherichia
coli which enter the bile ducts have high beta glu
coronidase activity which deconjugate bile pigments.
Ascarides in the bile ducts lead to impaired drainage,
stasis and formation of biliary sludge and stones. In
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addition, ascaris invasion causes papillary edema and
sphinter of Oddi motor dysfunction which in turn leads
[38]
to impaired biliary drainage . Malnutrition with low
protein intake lowers glucaro 1, 4 lactone, a natural
inhibitor of glucoronidase, levels in bile in such patients
[4,41]
and accelerates stone formation
.

Clinical profile

HPA is a disease of adults (mean age 35 years with age
range 4 to 70 years) with female predominance (female:
[1,2]
male ratio 3:1) . Ascariasis is more often prevalent in
[13]
children, however, HPA is seen less often in children .
This may be due to smaller size of the ampullary orifice.
HPA is commonly seen in pregnant women, possibly
due to hormone-induced relaxation and dilatation of
ampullary orifice, making it easier for ascarides to enter
the ducts. On the same analogy, worms in pregnant
women reach gall bladder more often than in non[44-46]
pregnant population
. Biliary surgery/interventions
namely cholecystectomy, choledocholithotomy, sphinc
teroplasty, and endoscopic sphincterotomy performed for
gallstone disease predisposes patient to ductal invasion
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[11,31,47]

by ascarides
. These procedures cause widened
ampullary orifice and lead to easier passage of worms
into the bile ducts.
HPA can cause six distinct clinical presentations
[2]
including (Table 1): (1) biliary colic: Biliary colic
presents as sudden severe pain right hypochondrium
associated with nausea and vomiting. Vomitus often
contains adult live worm and points to occurrence of
migration of worms in to duodenum and stomach.
The pain may be recurrent in nature or prolonged
demanding large doses of narcotic analgesics. Such
patients do not develop fever and jaundice to suggest
cholangitis. In most patients, ascarides are located in
the duodenum and enter in and out ampulla of Vater
(duodenal ascariasis) (Figure 6); (2) acute cholangitis:
The patients present with right hypochondrium pain,
chills and fever, icterus, hepatomegaly, high white
cell count and elevated liver tests including bilirubin,
[48]
transaminases and alkaline phosphatase . A subset
of such patients develop suppurative cholangitis and
develop systemic sepsis with low blood pressure
and acidosis. ERCP shows multiple ascarides in the
intrahepatic ducts (Hepatic ascariasis). At duodenoscopy,
pus is seen coming out of the ampullary orifice and pus
can be aspirated out of the ductal lumen (Figure 8); (3)
acalculous cholecystitis: The patients present with pain
of in the right upper quadrant and chills and fever. The
pain is referred to right shoulder and scapular region.
Fever is low grade in nature. Abdominal examination
reveals tender right hypochondrium with a tender mass
and rebound tenderness and guarding. Ultrasound
reveals distended, thick-walled gallbladder, filled with
[10,49]
sludge
. In most patient’s ascarides are placed in
the bile ducts (Choledochal ascariasis) and block cystic
duct orifice, leading to cystic duct dilatation and gallb
ladder distension (Figure 7). Occasionally worms may
traverse the cystic duct lumen and manage to enter
the gallbladder (Gallbladder ascariasis). Most of these
patients respond to treatment without complications.
However, some patients may present with gangrenous
cholecystitis needing urgent cholecystectomy; (4)
hepatic abscess: Patients with hepatic abscesses
develop pain right hypochondrium, high fever, point
tenderness in one intercostal space and edema of
[37]
the right lateral chest wall . Ascarides are placed in
the intrahepatic ducts in most of such patients. Pus
from the abscess often reveals ova of ascaris and /or
fragments of dead ascarides; (5) acute pancreatitis:
The patients present with epigastric pain referred to
the back, vomiting, and raised serum amylase and
alkaline phosphatase. Pancreatitis may be obstructive
in nature by ascarides in the ampullary orifice or may
be severe necrotizing type due worms entering the
pancreatic duct. Ninety percent of patients had mild
edematous pancreatitis and 10% develop necrotizing
[39,50,51]
pancreatitis
. A subset of patients with worms in
the pancreas develop hemorrhagic pancreatitis, which
[40]
may be fatal (Figure 9) ; and (6) recurrent pyogenic
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cholangitis: Recurrent pyogenic cholangitis is manifested
by biliary tract infection and formation of sludge and
[3]
stones in the hepatic ducts . In addition, intrahepatic
bile ducts develop strictures, excessive branching and
arrowhead formation. There are secondary changes
in the hepatic parenchyma which include formation of
microabscesses, atrophy of liver secondary to chronic
biliary obstruction and biliary cirrhosis with progressive
end stage liver disease. Recurrent pyogenic cholangitis
in Kashmir is an aftermath of repeated worm invasion
[4,11]
of bile and hepatic ducts
. Several pathogenic
mechanisms play part in formation of brown pigment
[38]
stones . Patients develop attacks of pain right upper
quadrant with shaking chills and high grade fever and
jaundice. Patients may develop septicemia with septic
shock. Disease is usually progressive and if untreated,
ends up in advanced liver disease.

Natural course

Long-term follow-up of 500 patients with HPA re
vealed that majority of the patients (54.8%) have
duodenal ascariasis and in such patients, ascarides
only invade the ampulla of Vater leaving the ducts
[2]
free of organisms . Ascarides persist within the ductal
lumen in a small percentage (2.4%) of patients, while
in remaining patients (42.2%) worms move out of
ducts within 10 d’ follow-up. Ductal reinvasion was
observed in 15.4% of patients. Over a 2-year period,
seven patients (1.4%) had developed intrahepatic
brown pigment stones. None of patients had common
bile duct, gallbladder or pancreatic duct calculi.
Histopathological analysis of stones revealed segments
of adult ascaris forming nidus of the stones.

Diagnosis

Laboratory tests ae not useful in the diagnosis of
HPA. However, estimations of blood counts, liver and
kidney function tests and serum amylase do help in
evaluating the pattern and severity of hepatobiliary
and pancreatic disease. Identification of ascaris eggs in
the stool has little diagnostic value in endemic areas,
as prevalence of ascariasis in such regions may vary
from 30% to 90%.
Diagnosis of HPA can be made by ultrasonography,
[8-10]
duodenoscopy and ERCP
. Of late, MRI and MRCP
can help in diagnosis of HPA and may replace ERCP if
[52-54]
therapeutic procedure is not envisaged (Figure 11)
.
Ultrasound biliary imaging is useful to visualize
ascarides in stomach, the duodenal lumen, biliary tree,
pancreatic ducts and gall bladder (Figure 12) (Table
[55]
2) . Ultrasound also depicts changes secondary to
worm invasion including cholecystitis, hepatic abs
cesses, and pancreatitis. Ascarides in stomach and
duodenum are well visualized in water filled lumen
as actively motile linear or curved structures. The
alimentary canal of the parasite is shown as anechoic
tubular structure. In one study from Kashmir, worms
were visualized in all the 22 patients with multiple

7513

September 7, 2016|Volume 22|Issue 33|

Khuroo MS et al . Biliary ascariasis
Hepatobiliary and pancreatic disease

Suspect HPA

Clinical profile
blood counts
serum chemistry

Recurrent biliary colic
duodenal ascariasis

Resident of endemic area
recent visit to endemic area
vomiting of worms

Acute cholecystitis
choledochal or
gallbladder ascariasis

Duodenoscopy
ultrasound

Remove worms
from papillary orifice

High risk groups

Acute cholangitis
hepatic ascariasis

Acute pancreatitis
duodenal/
pancreatic ascariasis

Ultrasound
MRI/MRCP; ERCP

Ultrasound
IV fluids, antibiotics,
analgesics; gangrene
gallbladder: surgery

High worm load
pregnancy
prior biliary surgery
prior biliary endotherapy

Catarrhal: antibiotics
suppurative: ICU care,
ERCP/endotherapy

Ultrasound
MRI/MRCP; CECT

Edematous: IV fluids,
analgesics
hemorrhagic: ICU care,
ERCP/endotherapy

Liver abscesses
hepatic ascariasis

Ultrasound
CECT

Antibiotics;
aspiration

ERCP/endotherapy: Ⅰ, persistent symptoms; Ⅱ, worms fail to exit from ducts by 3 wk; Ⅲ, worms die; Ⅳ, Recurrent pyogenic cholangitis

Figure 11 Flow chart showing diagnostic and management algorithm.

A

B

C
CBD

CBD

Figure 12 Ultrasonography images in hepatobiliary and pancreatic ascariasis. A: Biliary ultrasound depicting four-line sign; B: Ultrasound showing tube like
structure within common bile duct with distended gall bladder; C: Ascarides in gall bladder showing active movements as seen in serial images. Adapted from Khuroo[5].

Table 2 Ultrasonography findings of hepatobiliary and pancreatic ascariasis
Site of ascarides
Stomach and duodenum
Hepatobiliary ascariasis

Gall bladder ascariasis

Pancreatic ascariasis

Ultrasonography findings
Long linear or curved echogenic strips without acoustic shadowing within water filled duodenum and stomach. The
structures show active motility
Single or multiple long linear or curved echogenic structures without acoustic shadowing
Thick long linear or curve non-shadowing echogenic strip containing a central longitudinal anechoic tube (four-line sign),
representing the digestive tract of the worm
Characteristic writhing movement of the echogenic strips within the ducts
Gall bladder and cystic duct distension; gall bladder wall edema; sludge within gall bladder
Multiple liver abscesses
Long coiled echogenic structure within gall bladder lumen
Tubular echogenic structures within gall bladder lumen
Echogenic structures exhibiting rapid movements
Distended gall bladder, gall bladder wall edema
Long linear nonshadowing echogenic strips within a dilated pancreatic duct
Edematous pancreas
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[10]

had limitation in detecting worms in the gallbladder .
Serial ultrasound examination accurately determined
the exit of worms from gallbladder lumen. Thus real time
ultrasound has advantages over ERCP in this condition,
may it be diagnosis or follow up. Pancreatic ascariasis
reveals edematous pancreas and ascardies may be
visualized within pancreatic ductal lumen. However,
ultrasound has limitation in diagnosis of pancreatic
ascariasis and picked up worms in the pancreatic
duct in only 2 of the seven patients with pancreatic
ascariasis. In contrast ERCP has distinct advantage as
ascarides can be accurately picked up in the duodenal
[7]
lumen as well as in the pancreatic ducts .
On ERCP, the worms in the dilated bile or pancreatic
ducts cause filling defects which have smooth, long
and linear characteristics. In addition to above,
ascarides may cause a variety of defects namely
[8]
curved or forming loops . Duodenoscopy often reveals
ascarides in the duodenum invading the ampullary
orifice. Till late, ERCP has been the investigation of
choice for diagnosis of HPA. However, it has several
limitations. The procedure is invasive, not available in
peripheral health centers in developing countries and
difficult to perform on multiple occasions to evaluate
worm exit form ducts. Thus ultrasonography should
be the initial investigation in diagnosis and follow up
of patients with of HPA. ERCP should be employed
in selected cases of HPA. ERCP is often needed in
patients with duodenal ascariasis, as a single worm in
the duodenum and entering in and out of ampullary
orifice and causing severe biliary colic may not be
visible on ultrasonography. Once the worm is visualized
on duodenoscopy, the worm can be extracted to give
immediate relief of pain and it is not necessary to
fill the ductal system. ERCP is also needed in cases
where ultrasound fails to show characteristic worm
appearances or is normal in cases with high clinical
suspicion. In addition, ERCP has distinct advantages
in diagnosis of pancreatic ascariasis as ultrasound has
low diagnostic pick up in such patients.

Figure 13 Hepatic ascariasis presenting as suppurative cholangitis
managed with nasobiliary tube drainage. Note ascaride placed in common
bile duct and left hepatic duct. Nasobiliary tube is in place to decompress and
drain the duct.
[26]

duodenal and gastric ascariasis . However, ultra
sound has limitation in detecting single worm in the
[2]
duodenal lumen and invading the ampullary orifice .
Ascarides in the bile duct lumen show characteristic
[56-58]
sonographic appearances
. The bile ducts are
often dilated and gallbladder may be distended with
wall edema and sludge within the lumen. The worm is
seen as thick, long, linear or curved, non-shadowing
echogenic structure/’s (four-line sign) devoid of acoustic
shadowing, often with anechoic tubular structure,
[59]
which represents the alimentary canal of the worm .
Ascarides in the bile ducts show characteristic writhing
movement and these can be well appreciated on real
time ultrasound examination. Ascarides in the bile
ducts need to be differentiated from bile duct stones
which are visualized as high level echogenic structures
throwing acoustic after shadowing. The stones lack
characteristic writhing mobility in the ducts, however,
may change position within bile ducts with change
in the body posture. When compared with ERCP,
ultrasound identified ascarides in the bile ducts in 24
(92.3%) of the 26 patients of choledochal ascariasis.
Sonography detected ascarides within the bile duct
in all 20 patients with 2 or more than 2 worms in the
duct and in 4 of the 6 patients with single worm in
the duct. In 2 patients with single worm in the bile
duct ultrasound findings were reported as normal.
Ultrasound was false positive in another 2 patients
[9]
with biliary obstruction and sludge in the bile ducts .
Ultrasonography was accurate in evaluating exit of
worms from the ducts in all patients who showed
sonographic appearances of HPA. The ascarides
in the gallbladder are seen on ultrasound as long,
curved and coiled up echogenic structures and their
fast, dancing movements are well seen on real time
[60]
ultrasound examination . Gallbladder is markedly
distended with wall edema and sludge within the
lumen. Ultrasonography is accurate to detect ascarides
in the gallbladder. We visualized ascarides in all 13 such
patients within gallbladder lumen. In contrast ERCP
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Treatment

The treatment for HPA is to treat various clinical
syndromes by appropriate means and administration of
anthelmintic drugs. The ascarides once paralyzed are
[2,15]
usually expelled out by peristaltic activity of the gut
.
A number of anthelmintic drugs have been developed
to effectively manage ascariasis. Anthelmintic drugs
which are very effective include pyrantel pamoate,
[5]
mebendazole, albendazole and ivermectin . Admini
stering anthelmintic directly in to the bile ducts is not
advised as it can impede movement of live worms out
[12,13]
of the ducts
. Endotherapy should be performed in
case patient’s symptoms do not subside on intensive
medical treatment and/or ascrides fail to move out of
the ductal lumen up to 3 wk of follow up. Patients with
suppurative cholangitis often need emergency ERCP and
emergency nasobiliary drainage as a first line procedure
(Figure 13). Endoscopic removal of live and dead
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A

B

C

Figure 14 Endotherapy in hepatobiliary ascariasis. A: Cholangiogram showing dilated ducts multiple linear filling defects; B: Dead ascaride extracted from biliary
tract; C: Cholangiogram obtained after extraction of dead ascaris. Ducts are free of filling defects. Adapted from Khuroo et al[15].

ascarides from ampullary orifice or ductal system is
needed in case of severe symptomatic disease or when
ascarides are dead within the ductal system (Figure 14).
The worms can be removed from the ductal system in
most of the patients and such patients get regression of
symptoms of hepatobiliary and pancreatic disease.

6
7
8

Control

Control of ascariasis is possible by improving sanitation
combined with health education and personal hygiene.
Drugs namely pyrantel pamoate, mebendazole, alben
dazole and ivermectin are safe and effective and can
be used for mass chemotherapy. However, several
factors jeopardize the fight against this pathogen
including cultural taboos, poor resources and financial
problems, and huge biotic potential of the pathogen.

9
10
11
12
13
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Abstract
AIM
to investigate the hepatic microcirculatory changes
due to Haemoxygenase (HO), effect of HO inhibition on
remote ischemic preconditioning (RIPC) and modulation
of CINC.
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scientific act 1986. All animals were treated in accordance with
the guidelines issued by the home office.

METHODS
Eight groups of animals were studied - Sham, ischemia
reperfusion injury (IRI) the animals were subjected to
45 min of hepatic ischemia followed by three hours of
reperfusion, RIPC (remote ischemic preconditioning)
+ IRI group, remote ischemic preconditioning in sham
(RIPC + Sham), PDTC + IR (Pyridodithiocarbamate, HO
donor), ZnPP + RIPC + IRI (Zinc protoporphyrin prior
to preconditioning), IR-24 (45 min of ischemia followed
by 24 h of reperfusion), RIPC+IR-24 (preconditioning
prior to. After 3 and 24 h of reperfusion the animals
were killed by exsanguination and samples were taken.
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RESULTS
Velocity of flow (160.83 ± 12.24 μm/s), sinusoidal flow
(8.42 ± 1.19) and sinusoidal perfusion index (42.12 ±
7.28) in hepatic IR were lower (P < 0.05) in comparison
to RIPC and PDTC (HO inducer). RIPC increased velocity
of flow (328.04 ± 19.13 µm/s), sinusoidal flow (17.75
± 2.59) and the sinusoidal perfusion index (67.28 ±
1.82) (P < 0.05). PDTC (HO induction) reproduced the
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effects of RIPC in hepatic IR. PDTC restored RBC velocity
(300.88 ± 22.109 μm/s), sinusoidal flow (17.66 ± 3.71)
and sinusoidal perfusion (82.33 ± 3.5) to near sham
levels. ZnPP (HO inhibition) reduced velocity of flow
of RBC in the RIPC group (170.74 ± 13.43 μm/s and
sinusoidal flow in the RIPC group (9.46 ± 1.34). ZnPP in
RIPC (60.29 ± 1.82) showed a fall in perfusion only at
180 min of reperfusion. Neutrophil adhesion in IR injury
is seen in both postsinusoidal venules (769.05 ± 87.48)
and sinusoids (97.4 ± 7.49). Neutrophil adhesion in RIPC
+ IR injury is reduced in both postsinusoidal venules
(219.66 ± 93.79) and sinusoids (25.69 ± 9.08) (P < 0.05).
PDTC reduced neutrophil adhesion in both postsinusoidal
venules (89.58 ± 58.32) and sinusoids (17.98 ± 11.01)
(P < 0.05) reproducing the effects of RIPC. ZnPP (HO
inhibition) increased venular (589.04 ± 144.36) and
sinusoidal neutrophil adhesion in preconditioned animals
(121.39 ± 30.65) (P < 0.05). IR after 24 h of reperfusion
increased venular and sinusoidal neutrophil adhesion
in comparison to the early phase and was significantly
reduced by RIPC. Hepatocellular cell death in IRI (80.83
± 13.03), RIPC + IR (17.35 ± 2.47), and PTDC+IR (11.66
± 1.17) ZnPP + RIPC + IR (41.33 ± 3.07) reduced
hepatocellular death. ZnPP significantly increased
hepatocellular death (P < 0.05 PTDC/RIPC vs ZnPP and
IR). The CINC cytokine levels in sham (101.32 ± 6.42).
RIPC + sham (412.18 ± 65.24) as compared to sham
(P < 0.05). Hepatic IR (644.08 ± 181.24) (P < 0.05).
RIPC CINC -1 levels in the early phase (401.62 ± 78.56).
and PDTC (HO inducer) CINC-1 levels in hepatic IR
(413.36 ± 63.06) were significantly lower. HO inhibition
in preconditioned animals with Zinc protoporphyrin
increased serum CINC levels (521.81 ± 74.9) (P < 0.05).
The serum CINC levels were high in the late phase of
hepatic IR (15306 ± 1222.04). RIPC reduced CINC levels
in the late phase of IR (467.46 ± 26.06), P < 0.05.

in previous studies. RIPC may have a potential role in
donor preconditioning.
Tapuria N, Junnarkar S, Abu-amara M, Fuller B, Seifalian AM,
Davidson BR. Haemoxygenase modulates cytokine induced
neutrophil chemoattractant in hepatic ischemia reperfusion injury.
World J Gastroenterol 2016; 22(33): 7518-7535 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i33/7518.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i33.7518

INTRODUCTION
Ischemia reperfusion injury (IRI) in liver transplantation
remains a concern since the incidence of primary
nonfunction is 5%-10% in liver transplantation and the
problem is aggravated in fatty livers. Recent animal
experiments by our group have demonstrated that
remote ischemic preconditioning (RIPC) by brief periods
of limb ischemia and reperfusion significantly improved
liver function, microvascular flow and modulation of
[1,2]
hepatic microcirculation . The role of haemoxygenase
(HO)-1 in IR and RIPC has been investigated previously.

Evidence for HO-1 in IR

Observations in animal models of ischemia reperfusion
injury of the liver and kidney suggest that there is an
increase in microsomal haem content accompanied
[3]
by a decrease in cytochrome-p450 content . Haem is
a source of reactive oxygen species i.e., free oxygen
radicals which cause disruption of mitochondrial
membranes associated with oxidative stress. The free
radicals also inflict endothelial injury and swelling. This
leads to reduced flow of red blood cells and sludging.
Following reperfusion excessive oxygen results in free
radical generation under the influence of the xanthine
oxidase system in addition to haem. HO the rate
limiting enzyme in the degradation of haem catalyzes
the oxidative degradation of haem. There are three
isoforms of haemoxygenase, HO-1 (inducible HO)
also known as heat shock protein, HO-2 (constitutive
HO found mainly in brain and testis) and HO-3 which
is related to HO-2 but not well characterised. HO-1
is responsible for degradation of haem in senescent
RBCs. Degradation of haem and formation of CO
results in consumption of free radicals. Thus HO-1
enhances scavenging of free radicals and could
potentially reduce hepatic IR injury by promoting
[4]
haem degradation . Based on this hypothesis
[4]
experiments were conducted by Katori et al and they
found that the HO system was beneficial in reducing
hepatic IR in animal liver transplant models. Kato
showed that pre-treatment of donor rat livers with
cobalt protoporphyrin (COPP) reduced hepatic IR after
cold preservation and reperfusion in ex vivo models
with significantly increased bile flow and portal flow as

CONCLUSION
RIPC protects hepatic microcirculation by induction of
HO and modulation of CINC in hepatic IR.
Key words: Reperfusion injury; CINC; microcirculation;
Ischaemic preconditioning; Remote preconditioning;
Haemoxygenase
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is novel in demonstrating the in
vivo microcirculatory changes due to haemoxygenase

(HO) induced by Remote ischaemic preconditioning
by brief hind limb ischemia (RIPC) in hepatic ischemia
reperfusion (IR) injury. HO also decreased CINC levels
(cytokine secreted from kupffer cells in hepatic IR)
which is significant in reducing neutrophil recruitment
and IR injury. HO inhibition abolished the protective
effect of RIPC on hepatic microcirculation and was
associated with significantly elevated CINC levels,
serum transaminases and hepatocellular death. These
findings are novel and have not been demonstrated
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What is CINC-1?

[5]

compared to non-treated livers . In liver transplant
models pre-treatment with COPP enhanced rat survival
and decreased histological severity of IR injury in the
liver as compared to nontreated rats. The beneficial
effects of haemoxygenase have been demonstrated
[3]
in genetically fat zucker rats with significantly
decreased hepatic IR injury in steatotic livers. Thus
HO has a key role in the modulation of free radical
generation and protection against IRI.
HO-1 has been shown to exert four major
beneficial effects: (1) antioxidant function; (2)
antiapoptosis; (3) anti-inflammatory function; and
(4) maintenance of microcirculation. The functions
of HO-1 and CO seem to be related to their ability to
[6]
modulate immune function . CO has been shown to
exert anti-inflammatory actions, regulate cGMP activity
through activation of guanylate cyclise which is known
to regulate endothelial-dependent vasodilatation and
[7]
inhibit platelet aggregation . CO inhibits apoptosis
[8]
by activating MAPK . Endogenously generated CO
rather than NO generated from iNOS has been shown
to preserve sinusoidal perfusion and to limit hepatic
[9]
dysfunction in a model of haemorrhagic shock in rats .
[10]
HO activity may be linked to iNOS (haem protein) .
INOS contains haem molecules. CO generated by
HO-1 binds to haem ligands in iNOS and prevents
binding of NO donor substrates thus producing an
[11]
inhibitory effect on iNOS .
[12]
Further studies by McCarter et al have shown that
in ischemia reperfusion of the limbs there is remote
organ injury and the expression of haemoxygenase
in remote organs after 3-4 h of limb reperfusion was
[12]
associated with remote organ protection . Wunder
[13]
et al
showed an increase in neutrophil adhesion
in postsinusoidal venules and sinusoids following
limb ischemia reperfusion injury in a rat model and
the administration of chromium mesoporphyrin
(HO-blocker) significantly enhanced the number
of adherent neutrophils whereas administration of
haemin(HO-inducer) significantly reduced the number
of adherent neutrophils suggesting the role of HO-1 in
[13,14]
remote organ protection
.

RIPC and HO-1

Functionally, CINC-1 is described as a major neutrophil
chemoattractant and activator. CINC-1, induced by
IL-1, TNF- and bacterial products, promotes both
neutrophil rolling and adhesion, likely through the
upregulation of surface integrins. It is also induced
early in macrophages and declines more quickly in
[16]
expression . Kupffer cells, which comprise the largest
fixed macrophage population in the liver are the prime
source of CINC.

What is the role of CINC-1 in hepatic IR?
[16]

Hisama et al
demonstrated that serum CINC levels
peaked 6 hours after reperfusion in animal models
leading to activation and recruitment of neutrophils
and CINC inhibition was associated with decrease in
neutrophil recruitment in IR.

Aim of this study
[15]

Lai et al demonstrated increased HO-1 expression in
kupffer cells in preconditioned livers. However they did
not show the changes in microcirculation in hepatic IR
or the effect of RIPC induced HO expression on Hepatic
IR.
There has been no study which has demonstrated
the effect of RIPC on CINC production. As Kupffer
cells are known to produce CINC (Cytokine induced
chemoattractant responsible for neutrophil recruitment)
we investigated potential modulation of CINC production
by RIPC induced HO.

MATERIALS AND METHODS
Animals and surgical procedures

All experiments were conducted under project license
from home office United Kingdom in accordance with
the animals’ scientific act 1986. Male Sprague - Dawley
rats, weighing 250-300 gms were used. Animals were
kept in a temperature controlled environment with a
12 h light-dark cycle and allowed tap water as well
as standard rat chew pellets libitium. Animals were
anaesthetized with 4 L/min of isoflurane (Baxter,
Norfolk, United Kingdom) and maintained with 1-1.5
l/min of O2 and 0.5%-1.0% Isoflurane. They were
allowed to breathe spontaneously through a concentric
mask connected to an oxygen regulator and monitored
with a pulse oximeter (Ohmeda biox 3740 pulse
oximeter, Ohmeda, Louisville, United States).
Polyethylene catheters (0.76-mm inner diameter,
Portex, Kent, United Kingdom) were inserted into the
right carotid artery for monitoring of mean arterial
blood pressure and the left jugular vein (0.40-mm
inner diameter, Portex, Kent, United Kingdom) for
administering normal saline (1 ml/100 gm/h body
weight to compensate for intraoperative fluid loss. The
animals were placed in supine position on a heating
mat (Harvard apparatus Ltd., Kent, United Kingdom)
to maintain their temperature.

[15]

Recently Lai et al
in a rat model of partial hepatic
IR injury showed that remote ischaemic limb
preconditioning confers cytoprotection and protection
of liver function against IRI due to HO-1 expression.
[15]
In a rat model of partial hepatic IR, Lai et al
preconditioned the liver by four brief cycles of prior
hind limb ischemia (10 min) followed by 10 min of
reperfusion followed by hepatic ischemia and 240
[15]
min of reperfusion. Lai et al
demonstrated that
RIPC decreased parenchymal injury, increased HO-1
expression in the liver and HO-1 inhibition by zinc
protoporphyrrin abolished the protective effects of
RIPC. They also showed increased HO-1 expression in
Kupffer cells in preconditioned livers.
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Figure 1 Experimental protocol. A: Early phase of hepatic IR; B: Late phase of hepatic IR. IR: Ischemia reperfusion.

Experimental design

killed before the 24 h reperfusion end point

Hepatic IR models for early (figure 1a) and late
phase of IR (figure 1B). Laparotomy was performed
through a midline incision. The hepatic ligaments
were cut and the liver was mobilised for exposure. A
standard model of lobar hepatic ischemia of the left
[17]
lateral and median lobes of (70% of liver) was used.
Ischemia was induced by clamping the corresponding
vascular pedicle with an atraumatic microvascular
clamp. Hepatic ischemia was induced for a period
of 45 min followed by 3 h reperfusion to study the
early phase of hepatic IR and 24 h of reperfusion to
study the late phase of hepatic IR. Experiments were
terminated by exsanguination of animals at the end
of the reperfusion period. All animals had a bolus of
heparin (20 U/kg, intravenously) prior to clamping to
prevent potential thrombus formation in the hepatic
artery. Global ischemia was not induced since the aim
of this study was to investigate the effects of warm
IR. Lobar ischemia in this model prevented splanchnic
congestion and portal hypertension.

Re-laparotomy, monitoring and intravital microscopy

The animals were re-anaesthetized after 24 h
of reperfusion, homeostasis and monitoring was
undertaken as described in the section on animal
procedures. The abdominal sutures were carefully
opened up and the liver was examined under the
intravital microscope.

Animal care

All animals were looked after according to home office
United Kingdom guidelines ensuring that they did not
suffer pain or distress during these experiments. They
were anaesthetised with isoflurane and exsanguinated
for collection of tissues and bloods.
Experimental groups (n = 6 in each group):
Eight groups of animals were studied: (1) Group
one (Sham) in which animals were subjected
to laparotomy only and underwent an identical
experimental protocol without clamping; (2) Group
two (IRI) the animals were subjected to 45 min of
ischemia followed by three hours of reperfusion;
(3) Group three were preconditioned prior to IRI
(RIPC + IRI) group. Protocols described above for
preconditioning and inducing ischemia were used; (4)
Group four sham animals were preconditioned (RIPC +
Sham); (5) Group five animals were given Pyrrolidine
dithiocarbamate (PDTC) 100 mg /kg 30 min prior to IR
(PDTC + IR); (6) Group six animals were given Zinc
protoporphyrin (ZNPP) 1.5 mg/kg (HO-1 blocker) by
intraperitoneal route 1 h prior to RIPC and subsequent
IRI (ZnPP + RIPC + IRI); (7) Group seven animals
were subjected to ischemia for 45 min followed by
reperfusion for 24 h and then subjected to intravital
microscopy (IR-24); and (8) Group eight animals were

Limb preconditioning

A tourniquet was applied around the thigh in one of the
hind limbs. Limb perfusion was monitored by a laser
Doppler (Moor instruments, Surrey, United Kingdom)
and the tourniquet was tightened until no flow was
detected. The procedure involved 5 min of ischemia
followed by 5 min of reperfusion. This was repeated
[18]
four times .

Recovery after surgery

Animal behaviour was assessed every hour for 4
h and then at 22 and 24 h. Signs of poor clinical
condition were lethargy, ruffled fur and guarding upon
abdominal palpation, lack of grooming and decreased
food intake. Animals which appeared to do poorly were
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The numbers of stationary leuokocytes for a period of 30
s under green filter light were expressed as leukocytes/
2
mm . The area of the vessels was calculated using the
product of diameter and length assuming cylindrical
[22,23]
geometry (3.14 × D × L)
.

Table 1 Scoring used
Numerical assessment

0

Sinusoidal congestion
Vacuolation
Necrosis

None
None
None

1

2

3

Minimal Mild Moderate
Minimal Mild Moderate
Single cell 30%
60%

4
Severe
Severe
> 60%

Hepatocellular death

[12]

preconditioned followed by ischemia for 45 min and
reperfusion for 24 h (RIPC + IR-24).

Propidium iodide
(0.05 mg/kg i.v.) was injected
intravenously to stain nuclei of dead hepatocytes which
[13,14,21]
was expressed as number of dead cells/HPF
.

Intravital videofluorescence microscopy

Tissue and blood collection

The liver was placed upon a glass mount and covered
with a cover slip along with continuous normal saline
irrigation. A drop of saline was placed on the cover
slip to enable immersion of the microscope lens
tip. A Nikon (Tokyo, Japan) microscope (Nikon epiillumination system with filter block set suitable for
Texas Red, FITC and DAPI dyes) coupled to a CCD
camera (JVC TK-C1360B (Osaka, Japan) colour video
camera) was used. Magnification provided was 10 ×
and 40 ×. The microscopy images were transferred
by camera to a video monitor and recorded for offline
analysis. Frame by frame analysis of the recorded
images for quantitative analysis was performed.
Microcirculation was evaluated by measuring acinar
perfusion in ten randomly chosen acini and leukocyte
endothelial interaction in ten postsinusoidal venules.
LUCIA (lab universal computer image analysis, Nikon,
Tokyo, Japan) software was used to analyse the
images.
RBC velocity (V): (1) 0.5 ml of FITC labelled red
cells suspended in glucose saline buffer solution (20
mgFITC/ml of RBC) were given intravenously. Ten
randomly chosen nonoverlapping rappaport acini were
[19]
assessed ; and (2) The RBC velocity was assessed by
measuring the length (L) of RBC movement (microns)
in each sinusoid in subsequent frames. Twenty-five
frames were captured per second. Hence the formula
= L × 25/number of frames moved was used for
calculating velocity.

Animals were killed by exsanguination and blood was
m
collected in BD vacutainer tube SST II advance 5.0
ml tubes for Serum, BD vacutainer tube LH 102 I.U
> (6 ml) for citrated plasma and BD vacutainer K 2E
7.2 mg (4 ml) for EDTA plasma and centrifuged at
3000 rpm for 10 min to sediment the RBC. Serum
and plasma samples were frozen in liquid nitrogen
and subsequently stored in -80 degees Celsius. Liver
tissue was snap frozen and stored at -80degrees
Celsius. Tissues were also fixed in 10% formalin and
embedded in paraffin for histology.

Histology

Sections were cut at 5µ and stained with haematoxylin
and eosin for histological analysis. Modified Suzuki
criteria were used to describe the histological changes
in the early phase of hepatic IR. The scoring used is as
shown (Table 1).

Immunohistochemistry for HO-1

The paraffin fixed slides were dewaxed in several
changes of xylene and then rehydated through
absolute alcohol, 90%alcohol, 70%alcohol to dis
tilled water or deionised water (1-2 min in each
solvent). Sections of 5µ were used. Mercury pigment
was removed with iodine. In order to inactivate
endogenous peroxidase and retrieve antigen the slides
were immersed for 30 min in a solution of 0.3% H2O2 (4
ml of H2O2 per 100 ml) in methanol and were rinsed
in phosphate buffer solution (PBS). This was followed
by blocking of non-specific background with 100 ml
of normal rabbit serum (diluted 1:30 with PBS) for 30
min. Primary rabbit polyclonal antibody was diluted
in PBS containing 0.05% bovine serum albumin and
0.01% sodium azide at room temperature for 2 h.
The slides were rinsed with PBS three times for 5 min
each and then incubated for 30 min with 50-100 ml of
1:200 diluted biotinylated antibody solution(anti rabbit
IgG). This was followed by three rinses with PBS for 5
min each. They were then incubated with secondary
antibody for 30 min at room temperature.
To develop the reaction the sections were in
cubated with vectastain ABC reagent (Santa cruz
technology) using peroxidise as substrate and 3, 3’
diaminobenzidine tetrahydrochloride as chromogen.
Sections were then counterstained with hematoxylin.

Sinusoidal perfusion and perfusion index

The sinusoidal perfusion index was evaluated as ratio
of perfused hepatic sinusoids Continuous perfusion
(Scp) + intermittent perfusion (Sip) to the total visible
sinusoids which includes non-perfused sinusoids (Snp).
Perfusion index = (Scp + Sip/Scp + Sip + Snp).
Sinusoidal diameter (D): This was measured
by assessing the length across the sinusoids and
expressed in microns.
Sinusoidal blood flow: This was calculated using the
formula- Velocity (V) ×22/7× (D/2)2.
[20]

Neutrophil adhesion: Rhodamine 6G (0.3 mg/kg)
[13,14,21]
was given intravenously for staining of neutrophils
.
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Scoring system used for grading immunohistochemistry
changes

Densitometry

This was done by using Adobe Photoshop. The JPEG
picture of the western blot was analysed using this
software. The maximum density of the film is 255. The
density of the background on the film was measured
and the density of the HO band obtained for each
sample was measured. The density of the background
was subtracted from the density of the HO band. The
value obtained was subtracted from 255 to obtain the
final density of the sample

The scoring system used for HO-1 expression is
based on the system used for assessing oestrogen
receptor status of invasive ductal carcinoma cells of
[23-25]
the breast in paraffin embedded section
. The cells
which are positive for HO-1 marker are graded into 4
grades depending on the intensity of staining: 0 = No
staining; 1 = weak staining; 2 = moderate staining; 3
= strong staining.
This was multiplied with the percentage of cells
positive. The percentage was derived by counting the
number of positive cells in a total of 100 cells in a high
power field. Hence the minimum score possible was 0
and the maximum 100.

Elisa for CINC-1

Reagents: One 96 well polystyrene microplate
coated with polyclonal antibody specific for rat CINC-1
and 12.5 ml polyclonal antibody against rat CINC-1
conjugated to horseshoeradish peroxidise. Rat
CINC-1 Standard- 2.5 ng of recombinant rat CINC-1
in a buffered protein base. Rat CINC-1 control-1
vial of recombinant rat CINC-1 in a buffered protein
base. Assay diluent RD1W- 12.5 ml of a buffered
protein solution with preservatives. Calibrator diluent
RD5-4-21 ml of a buffered protein solution with
preservatives. Wash buffer concentrate-50 ml of a 25
fold concentrated solution of buffered surfactant with
preservatives.
Colour reagent A-12.5 ml of stabilized hydrogen
peroxide. Colour reagent B- 12.5 ml of stabilized
chromogen (tetramethyl benzidine). Stop solution-23
mL of a diluted HCL. Plate covers- 4 adhesive strips.

Western blot for HO-1

Haemoxygenase protein was identified using Western
blotting. Frozen samples of Liver tissue (100-200
mg) were homogenised in TOXEX buffer (20 mmol/L
HEPES [pH 7.9], 0.35 mol/L NaCl, 20% glycerole,
1% Nonidet P-40, 1 mmol/L MgCl2, 0.5 mmol/L
ethylenediaminetetraacetic acid, 0.1 mmol/L ethylene
glycolbis(b-aminoethyl ether)-N,N-tetraacetic acid,
100 mmol/L dithiothreitol, 0.1% phenylmethylsulfonyl
fluoride, 10 mg/mL aprotinin) on ice, incubated for
30 min, and centrifuged at 13000 rpm for 5 min.
For each lane, 100 mg of protein was dissolved in
10 mL of 13 sodium dodecyl sulfate loading dye and
boiled for 5 min. A biotinylated protein marker (New
England Biolabs, Schwalbach, Germany) was added.
The samples were separated on a 12% sodium
dodecyl sulfate-polyacrylamide gel and transferred to
a polyvinylidene fluoride membrane (Immobilon-P,
Millipore, Bedford, MA) by electroblotting for 2.5 h
(Semidry Trans-Blot, BioRad, Hercules, CA). The
membrane was blocked in a buffer containing 20
mmol/L Tris-base (pH 7.6), 137 mmol/L NaCl, 3.8
mL 1 mol/L HCl/L, 0.1% Tween (13 TBST), and 5%
low-fat dry milk powder for 1 h and incubated with a
rabbit polyclonal anti-HO-1 antibody (1:1000 dilution;
SPA 895, StressGen, Biotechnologies, Victoria, British
Columbia, Canada) in 13 TBST and 5% low-fat dry milk
for 2 h at room temperature. After 3 washing steps with
1 X TBST, a secondary anti-rabbit (1:10000 dilution;
ECL-detection kit, Amersham Pharmacia, Freiburg,
Germany) and horseradish peroxidase- conjugated antibiotin antibody (1:1000, New England Biolabs) was
added and incubated for 1 h in 1 × TBST and 5% low-fat
dry milk. Following 2 washing steps with 1 × TBST and
2 washing steps with 1 × TBS, detection was performed
by the ECL detection kit (Amersham Pharmacia)
according to the manufacturer’s instructions. After this
the membrane was exposed to a digital camera as
part of an electronic imaging system to visualise the
proteins bound to the antibody.
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Sample preparation: Rat serum samples were
diluted 2-fold into calibrator diluent RD5-4 prior to
assay.

Assay procedure

50 µl of assay diluent RD1W added to each well. 50
µl of standard, control or sample per well added. The
plate was gently tapped for 1 min to mix the contents
and covered with adhesive strip. This was followed by
incubation for 2 h at room temperature. Each well was
aspirated and washed for a total of five times with wash
buffer (400 µl). 100 µl of rat CINC-1 conjugate was
added to each well. The plate was covered with adhesive
strip and incubated for 2 h at room temperature. The
wells were aspirated and washed five times. One
hundred microliter of substrate solution was added
to each well and incubated at room temp for 30 min
under protection from light. One hundred microliter of
stop solution was added to each well. Plate was gently
tapped to ensure mixing. Optical density was measured
within 30 min using a microplate reader set to 450 nm.
(correction wavelength set at 540 nm or 570 nm).

Statistical analysis

All data are presented as mean plus minus standard
error of the mean. Differences were considered
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Figure 2 Effect of Haemoxygenase induction and inhibition on blood pressure in hepatic ischemia reperfusion. RIPC prior to IR restores B.P. to baseline
rapidly compared to IR only. Inhibition of HO showed a greater fall in B.P but there was no difference in recovery to baseline. Values expressed as mean + SE. RIPC:
Remote ischemic preconditioning; HO: Haemoxygenase; IR: Ischemia reperfusion.
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Figure 3 Effect of Haemoxygenase inhibition and induction on hepatic transaminases in the early phase of hepatic ischemia reperfusion. A: Effect of HO
inhibition on AST in early phase IR; B: AST in late phase. No significant difference in hepatic transaminase level IR/RIPC + IR. HO inhibition increased transaminase
levels RIPC + IR/ZNPP + RIPC + IR. RIPC: Remote ischemic preconditioning; HO: Haemoxygenase; IR: Ischemia reperfusion.

significant for P < 0.05.Comparisons between groups
were performed by one way analysis (ANOVA). Bon
ferroni correction was applied for ANOVA.

transaminases (Early phase). Baseline transaminase
levels in RIPC+sham were higher than sham. IRI
produced a rise in transaminase levels (Figure 3a).
Effect of IR and RIPC in the late phase of hepatic IR on
hepatic transaminases (Figure 3b).

RESULTS
Haemodynamic measurements (early phase)

Microcirculatory changes

RIPC + IR group showed a drop in MAP similar to IR
only group however MAP recovered to baseline in
RIPC+IR rapidly (30-60 min) compared to IR (60-120
min). HO inhibition caused a further drop in B.P. and
delayed recovery of blood pressure (Figure 2). There
was no significant difference in pulse rate.

The sham group showed constant microcirculatory
parameters. RIPC induced a low grade oxidative stress
in the liver resulting in lower RBC flow and perfusion
as compared to sham. The velocity of flow (160.83
± 12.24 µm/s), sinusoidal flow (8.42 ± 1.19) and
sinusoidal perfusion index (42.12 ± 7.28) in hepatic IR
were significantly lower than RIPC + IR.
RIPC significantly increased velocity of flow (328.04
± 19.13 µm/s), sinusoidal flow (17.75 ± 2.59) and the
sinusoidal perfusion index was higher in RIPC group
(67.28 ± 1.82). PDTC (HO induction) reproduced
the effects of RIPC in hepatic IR. PDTC restored RBC
velocity (300.88 ± 22.109 µm/s), sinusoidal flow
(17.66 ± 3.71) and sinusoidal perfusion (82.33 ± 3.5)
to near sham levels. ZnPP (HO inhibition) significantly
reduced velocity of flow of RBC in the RIPC group

Survival in late phase of IR

Of the six animals in each group, one animal in the
IR-24 group died before the end of recovery period
due to severe reperfusion injury. This animal was
excluded from intravital analysis. All animals in the
RIPC + IR-24 group survived after 24 h of reperfusion.

Hepatocellular injury

Effect of IR, RIPC, PDTC and ZnPP on hepatic
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Figure 4 Effect of Haemoxygenase inhibition and induction on velocity of flow in early phase of hepatic ischemia reperfusion (A) and velocity of RBC flow
in remote ischemic preconditioning + ischemia reperfusion -24 as compared to ischemia reperfusion -24 (B). Significant increase in velocity in preconditioned
animals prior to ischemia reperfusion injury (RIPC + IRI) as compared to IRI at 30, 60 and 120 min of reperfusion. HO inhibition caused a significant fall in velocity
of flow in preconditioned animals. Values expressed as mean ± SE. HO: Haemoxygenase; IR: Ischemia reperfusion; RIPC: Remote ischemic preconditioning; IRI:
Ischemia reperfusion injury.
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Figure 5 Effect of Haemoxygenase inhibition and induction on sinusoidal flow in early phase of hepatic ischemia reperfusion (A) and sinusoidal flow
in late phase of hepatic ischemia reperfusion (B). Sinusoidal flow - V × (D/2) 2 × p = V is velocity of RBC, D is sinusoidal diameter. Significantly better flow in
preconditioned animals (RIPC + IRI) as compared to non-preconditioned (IR). HO inhibition significantly inhibits flow in preconditioned animals.Values expressed as
mean ± SE. Sinusoidal flow - V × (D/2)2 × p = V is velocity of RBC, D is sinusoidal diameter. Better flow in preconditioned animals (RIPC + IRI-24) as compared to
non-preconditioned (IR-24). Values expressed as mean ± SE. HO: Haemoxygenase; IR: Ischemia reperfusion; RIPC: Remote ischemic preconditioning; IRI: Ischemia
reperfusion injury.

(170.74 ± 13.43 µm/s and sinusoidal flow in the RIPC
group (9.46 ± 1.34) However inhibition of HO by ZnPP
in RIPC (60.29 ± 1.82) showed a fall in perfusion only
at 180 min of reperfusion (figure 4a, figure 5a, figure
6a and figure 7a)

+ IR-24 group (figure 4b, figure 5b, figure 6b and
figure 7b).

Neutrophil adhesion in venules and sinusoids as seen
by IVM

Significantly increased neutrophil adhesion in IR injury
is seen in both postsinusoidal venules (769.05 ±
87.48) and sinusoids (97.4 ± 7.49). RIPC significantly
reduced neutrophil adhesion in IR injury in both
postsinusoidal venules (219.66 ± 93.79) and sinusoids
(25.69 ± 9.08).
PDTC significantly reduced neutrophil adhesion
in both postsinusoidal venules (89.58 ± 58.32)
and sinusoids (17.98 ± 11.01) reproducing the

Microcirculatory changes in the late phase of hepatic
IR

In the late phase of hepatic IR, velocity of flow was
similar between preconditioned and IR -24 suggesting
recovery of velocity of flow to near normal values after
24 h of reperfusion in the absence of preconditioning.
However there was a significant increase in sinusoidal
diameter, sinusoidal flow and perfusion in the RIPC
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Effect of HO inhibition and induction on
modulation of sinusoidal diameter
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Figure 6 Sinusoidal diameter in late phase of hepatic ischemia reperfusion. A: Sinusoidal diameter early phase; B: Sinusoidal diameter late phase. No
significant change (P > 0.05) in sinusoidal diameter seen in preconditioned animals and on inhibition of HO. Sinusoidal diameter - Significantly increased diameter
in the preconditioned group (RIPC + IR-24). Values expressed as mean ± SE. P < 0.05, significantly increased sinusoidal diameter in the preconditioned group. HO:
Haemoxygenase; IR: Ischemia reperfusion; RIPC: Remote ischemic preconditioning; IRI: Ischemia reperfusion injury.
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Figure 7 Sinusoidal perfusion in late phase of hepatic ischemia reperfusion. A: Sinusoidal perfusion early phase; B: Sinusoidal perfusion late phase. Perfusion
index in remote preconditioned animals (RIPC + IRI) is significantly higher (P < 0.05) than non-preconditioned animals (IRI). HO inhibition does not affect sinusoidal
perfusion in the early stage of IR however sinusoidal perfusion declines at 180 min of reperfusion. Values expressed as mean ± SE. Sinusoidal perfusion index
- The PI in remote preconditioned animals (RIPC + IR-24) is significantly higher than non-preconditioned animals (IR-24). Values expressed as mean ± SE. HO:
Haemoxygenase; IR: Ischemia reperfusion; RIPC: Remote ischemic preconditioning; IRI: Ischemia reperfusion injury.

effects of RIPC. HO inhibition with ZnPP significantly
increased venular (589.04 ± 144.36) and sinusoidal
neutrophil adhesion in preconditioned animals (121.39
± 30.65). IR after 24 h of reperfusion significantly
increased venular and sinusoidal neutrophil adhesion
in comparison to the early phase and was significantly
reduced by RIPC (Figure 8a and b, Figure 9a and b).

enhances hepatocellular death in preconditioned
animals.

Histology

IR group showed diffuse and significant periportal
congestion. There was severe necrosis in zones 2 and
3 and also sub capsular necrosis. RIPC+IR showed a
significantly lower Suzuki score compared to the IR
group. On inhibition of HO in RIPC+IR (ZNPP + RIPC
+ IR group) most of the sections showed diffuse and
severe congestion and vacuolation. The necrosis is
diffuse and focally associated with acute inflammatory
cells. Changes in ZnPp + RIPC + IR were similar to
IR group and significantly more compared to RIPC +
IR. Only one animal showed extensive congestion and

Hepatocellular death

Hepatocellular cell death is significantly less on HO
induction (PDTC + IR) in hepatic IR. Preconditioning
(RIPC + IRI) reproduces effects of HO induction as
Hepatocellular cell death in RIPC+IR is significantly
less compared to IRI group. HO inhibition prior to
preconditioning (ZnPP + RIPC + IR) significantly
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Figure 8 Effect of Haemoxygenase inhibition and induction on Venular neutrophil adhesion in early phase of hepatic ischemia reperfusion. A: Venular
neutrophil adhesion early phase; B: Sinusoidal neutrophil adhesion early phase. Significantly reduced venular neutrophil adhesion in preconditioned (RIPC + IRI)
group compared to non-preconditioned group (IRI). HO inhibition in RIPC + IR showed significantly increased venular neutrophil adhesion. Values expressed as mean
± SE. Significantly reduced sinusoidal neutrophil adhesion in preconditioned group (RIPC + IRI) compared to non-preconditioned group (IRI). Values expressed as
mean ± SE. HO: Haemoxygenase; IR: Ischemia reperfusion; RIPC: Remote ischemic preconditioning; IRI: Ischemia reperfusion injury.
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Figure 9 Venular neutrophil adhesion late phase (A) and sinusoidal neutrophil adhesion late phase (B). Significantly reduced venular neutrophil adhesion in
preconditioned (RIPC + IR-24) group compared to non-preconditioned group (IR-24). Significantly reduced sinusoidal neutrophil adhesion in preconditioned group (RIPC
+ IRI) compared to non-preconditioned group (IRI). Values expressed as mean ± SE.

Table 2 Suzuki criteria
Group
Suzuki score

IR

RIPC + IR

ZnPP + RIPC + IR

PDTC + IR

Sham

RIPC + Sham

8.83 ± 0.7

6.2 ± 0.58

8.83 ± 0.6

4.5 ± 0.5

4 ± 0.31

1.5 ± 0.34

RIPC: Remote ischemic preconditioning; IR: Ischemia reperfusion.

vacuolation but minimal necrosis. On HO induction
(PTDC + IR) most animals showed diffuse congestion
with patchy necrosis except for one which shows mild
congestion. Sham animals did not show significant
changes apart from congestion in both portal and
central vein. Hepatocytes showed vacuolation. RIPC +
Sham animals showed moreless similar changes with
minimal vacuolation but no necrosis (Figures 10 and
11). Suzuki criteria see Table 2.

expression in kupffer cells in RIPC + IR animals in
comparison to IR group. Baseline HO expression
is seen in kupffer cells in sinusoids of sham group.
Haemoxygenase expression in IR (3 h of reperfusion)
was more compared to sham. This is due to increased
oxidative stress which acts a direct stimulus to
HO-1 expression. The increased HO expression was
observed in kupffer cells which are the primary source
of HO production and degradation of haem to biliverdin
and CO. At 24 h of reperfusion more HO was observed
in Kupffer cells. PDTC induced HO-1 in macropha
ges in the early phase of hepatic IR. Inhibition of

Immunohistochemistry for HO

Immunohistochemistry revealed increased HO-1
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Effect of HO inhibition and induction on
hepatocellular cell death
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Figure 10 Hepatocellular cell death is significantly less on Haemoxygenase induction (PDTC + ischemia reperfusion) in hepatic ischemia reperfusion. A:
Hepatocellular death early phase; B: Hepatocellular death late phase. Preconditioning (RIPC + IRI) reproduces effects of HO induction as Hepatocellular cell death
in RIPC + IR is significantly less compared to IRI group. HO inhibition prior to preconditioning (ZnPP + RIPC + IR) significantly enhances hepatocellular death in
preconditioned animals. Values expressed as mean ± SE. RIPC: Remote ischemic preconditioning; IRI: Ischemia reperfusion injury.
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Figure 11 Hepatocytes showed vacuolation. A: IR - the HE section shows large areas of necrosis and sinusoidal congestion, normal residual hepatocytes noted at
bottom of the frame; B: RIPC + IR - The HE section shows sinusoidal congestion, some hepatocyte vacuolation but no significant necrosis; C: Sham - The HE section
reveals no significant damage; D: RIPC + Sham - The HE section reveals congested central vein but no other significant change; E: PDTC + IR-diffuse congestion and
patchy necrosis; F: ZNPP + RIPC + IR - extensive necrosis seen; G: Very severe injury with abundant ballooning degeneration and necrosis is seen in the IR-24 injury
group. Very diffuse and significant neutrophil adhesion is seen in the IR group. Apoptosis is evident in the IR group; H: RIPC + IR-24 group shows less injury with
some ballooning and degeneration as well as neutrophilic infiltration. RIPC: Remote ischemic preconditioning; IRI: Ischemia reperfusion injury; HO: Haemoxygenase.

animals in comparison to IR only (Figure 12). Immu
nohistochemistry score for HO see Table 3.

haemoxygenase by ZnPP (ZnPP inhibits both HO-1
and HO-2) showed decreased HO expression in
macrophages in the early phase of hepatic IR. This
explains the intravital findings of increased neutrophil
adhesion and hepatocellular death in comparison to
preconditioned animals.
In the late phase of hepatic IR (24 h) there was
increased HO expression in both kupffer cells and
hepatocytes (parenchymal cells) in preconditioned
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Western blot analysis

Western blot analysis showed by densitometry
significantly more HO expression in RIPC groups as
compared to hepatic IR and PDTC reproduced the
effects of RIPC. ZnPP inhibited HO expression in the
RIPC group. Increased HO expression was seen in
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Table 3 Immunohistochemistry score for Haemoxygenase expression

Mean
SEM

a

Sham

RIPC + Sham

IR

RIPC + IR

14.0
2.44

44.1
7.57

28.66
18.77

PDTC + IR

87.5
20.25

a

ZnPP + RIPC + IR

78.7
8.75

25.0
11.83

a

P < 0.05, RIPC + IR and PTDC + IR vs IR. RIPC: Remote ischemic preconditioning; HO: Haemoxygenase; IR: Ischemia reperfusion.
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Figure 12 In the late phase of hepatic IR (24 h) there was increased HO expression in both kupffer cells and hepatocytes (parenchymal cells) in
preconditioned animals in comparison to IR only. A: Spatiotemporal distribution of HO - There is some HO expression seen in macrophages (kupffer cells) in
IR injury in response to oxidative stress. The expression of HO-1 was significantly more in kupffer cells in the RIPC+IR group. ZNPP + RIPC + IR reduced HO-1
expression; B: HO expression in early phase of hepatic IR; C: HO expression in late phase of hepatic IR.

Effect of HO induction and inhibition on CINC

RIPC + IR-24 as compared to IR-24 (Figure 13).

The CINC cytokine levels in sham were low (101.32 ±
6.42). RIPC in sham led to relatively high CINC levels
(412.18 ± 65.24) as compared to sham (P < 0.05).
Hepatic IR injury produced high serum CINC level
in comparison to sham animals in the early phase
of hepatic IR (644.08 ± 181.24) (P < 0.05). RIPC
reduced CINC -1 levels in the early phase (401.62 ±
78.56) in comparison to IR only. PDTC (HO inducer)

CINC Elisa results

The CINC data shows significant difference between IR
injury, RIPC + IR and ZnPP + RIPC + IR in the early
phase of hepatic IR. In the late phase of IR there is a
significant difference seen between IRI and RIPC+IRI
suggesting that preconditioning modulates release of
CINC-1 from kupffer cells.
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Figure 13 Increased Haemoxygenase expression was seen in all groups + ischemia reperfusion-24 as compared to ischemia reperfusion-24. A: Western
blot analysis for HO in early and late phase of hepatic IR. Lane 1: Sham; Lane 2: MW- 32 Kda for HO protein; Lane 3: IR-24 (HO expression in late phase of hepatic
IR) Lane 4-RS; Lane 5: RIPC + IR-24 (effect of RIPC on HO expression in late phase of IR); Lane 6: PDTC- HO inducer; Lane 7: Positive control; Lane 8: ZnPPHO inhibitor; Lane 9: IR (early phase); B: Densitometry HO expression early phase. Early phase of hepatic IR (above). Densitometry for western blots showing
increased HO-1 expression in RIPC + IR and PDTC + IR. Prior inhibition of HO (ZnPP + RIPC IR) significantly reduced HO expression in preconditioned animals; C:
Densitometry Ho expression late phase. Densitometry for late phase of hepatic IR and RIPC western blot showing increased HO-1 expression in the RIPC group at 24 h.
HO: Haemoxygenase; IR: Ischemia reperfusion.

throughout the time course of observation. Hence the
potential effect of hypotension leading to decreased
parenchymal perfusion and confounding results were
avoided.

reduced CINC-1 levels in serum in hepatic IR (413.36
± 63.06). HO inhibition in preconditioned animals
with Zinc protoporphyrin increased serum CINC levels
(521.81 ± 74.9) (P < 0.05) (Figure 14a).
The serum CINC levels were high in the late phase
of hepatic IR (15306 ± 1222.04). RIPC reduced CINC
levels in the late phase of IR (467.46 ± 26.06, P < 0.05)
(Figure 14b).

Microcirculatory changes and Role of HO-1

IR, RIPC + IR: RIPC + IR showed an increased
velocity of RBC flow, sinusoidal flow and sinusoidal
perfusion compared to IR group at all time points
of observation and the administration of ZnPP (HO
blockade) prior to RIPC abolished all protective
effects. The loss of protective effects of RIPC after HO
blockade suggests that HO pathways may have a role
in modulation of hepatic IR. The lack of any change
in sinusoidal diameter on HO inhibition suggests
that RIPC modulates IR injury by anti-inflammatory
properties of HO rather than sinusoidal dilatation in
the early phase of hepatic IR. This observation was
made in previous studies on ischaemic preconditioning
which have demonstrated no significant variation
in sinusoidal diameter between HO induction and
[26]
controls . Moreover HO produced in the initial
phase is in response to stress (inducible HO-1) and
[5]
is responsible for anti-inflammatory functions .

DISCUSSION
New findings

This is the first study to use intravital microscopy
and demonstrate the effects of HO inhibition on the
protective effect of RIPC in hepatic IR and that RIPC
induced HO modulates cytokine release from Kupffer
cells and subsequent neutrophil activation.

Haemodynamics

Blood pressure: The model used was haemody
namically stable. However a fall in blood pressure on
reperfusion was seen in hepatic IR, RIPC + IR, PDTC
+ IR and ZnPP group with recovery to baseline in
30-60 min. The blood pressure thereafter was stable
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Figure 14 Effect of Haemoxygenase induction and inhibition on CINC. A: The CINC cytokine levels in sham were low (101.32 ± 6.42). RIPC in sham led to
relatively high CINC levels (412.18 ± 65.24) as compared to sham (P < 0.05). Hepatic. IR injury produced high serum CINC level in comparison to sham animals in
the early phase of hepatic IR (644.08 ± 181.24) (P < 0.05). RIPC reduced CINC-1 levels in the early phase (401.62 ± 78.56) in comparison to IR only. PDTC (HO
inducer) reduced CINC-1 levels in serum in hepatic IR (413.36 ± 63.06). HO inhibition in preconditioned animals with Zinc protoporphyrin increased serum CINC
levels (521.81 ± 74.9) (P < 0.05); B: The serum CINC levels were high in the late phase of hepatic IR (15306 ± 1222.04). RIPC reduced CINC levels in the late phase
of IR (467.46 ± 26.06). HO: Haemoxygenase; IR: Ischemia reperfusion.

Constitutive HO (HO-2) modulates sinusoidal tone and
diameter and is produced in parenchmal cells after
[27]
6hrs of reperfusion as shown by Goda et al
and CO
derived from an increase in HO-2 (Constitutive HO)
in the parenchyma is responsible for modulation of
sinusoidal tone and diameter.

role of PTDC induced HO-1. In our study low doses
of PDTC (100 mg/kg) were used and no variation in
sinusoidal diameter was observed however, recently
[26]
Hata et al
have demonstrated an increase in
sinusoidal diameter due to increase in parenchymal
HO-1 on administration of higher doses of PDTC (150
mg/kg) intramuscularly in a rat model of hepatic IRI.
[26]
Hata et al
has shown that CO derived from PDTC
induced increase in parenchymal HO and modulated
sinusoidal diameter in the early phase of hepatic IR.

HO induction (PDTC + IR) and inhibition (ZnPP + RIPC +
IR)

This study shows increased RBC velocity and sinu
soidal flow in PDTC+IR group as compared to IR only.
The perfusion index in PDTC group is significantly
higher than IRI at all time points. Inhibition of HO in
preconditioned groups showed a significant fall in RBC
velocity and sinusoidal flow in the RIPC + IR + ZnPP
group. PDTC is known to induce HO-1, inhibit NF-kB and
modulate IRI and increased HO-1 may be responsible
for modulation of sinusoidal perfusion. This finding is
supported by evidence from studies in animal models
which have shown that HO-1 expression is associated
[12,28,29]
with better sinusoidal perfusion
. However there
was no significant difference in sinusoidal perfusion
between HO induction and HO inhibition (ZnPP group)
upto 120 min of reperfusion in our study suggesting
that HO pathways maybe responsible for modulation of
perfusion after 120 min of reperfusion. Previous studies
have shown endogenous haemoxygenase expression
to increase sinusoidal perfusion at 120 min of
[21]
reperfusion in animal models of hepatic IR secondary
to prolonged limb ischemia. Hence the initial modulation
of sinusoidal perfusion in hepatic IR by PDTC may be
due to its anti-inflammatory action and inhibitory effect
[29-31]
on NF-kB
.
A previous study in a transplant model by Tsu
chihashi demonstrated that PDTC given prior to
harvest of liver reduced reperfusion injury after trans
[30]
plantation . ZnPP given just before reperfusion
blocked the protective effects of PDTC suggesting the
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Microcirculatory changes in late hepatic IR and effect of
RIPC

RIPC significantly reduced neutrophil adhesion and
hepatocellular death and increased sinusoidal perfusion
as well as diameter. There was a significant increase
in sinusoidal flow due to increase in diameter but
not velocity. This increase in sinusoidal diameter has
been demonstrated by our group in the late phase of
[32]
RIPC and other IPC studies.

Haemoxygenase expression

Haemoxygenase expression in the liver was signifi
cantly more in the RIPC sham group as compared to
shams. Increased HO-1 expression was predominantly
observed in Kupffer cells in the early phase with
additional parenchymal expression in the late phase of
IR. HO-1 pathways are initiated after oxidative stress
[21]
and previous studies
have shown expression of
mRNA as early as 2 h after the initial oxidative stress.
The increase in velocity and flow seen after 30 min
of reperfusion corresponds to 2 h after the first cycle
of preconditioning and the time point of earliest HOmRNA expression suggesting that HO-1 pathways
maybe responsible for increased flow seen in this
study.
Interestingly the increased HO-1 expression was
seen in kupffer cells in RIPC. This observation was also
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[15]

[15]

made by Lai et al . Lai et al
demonstrated lack of
increased HO-1 in the peripheral macrophages and
hence it is unlikely that the increased haemoxygenase
in the liver is from infiltrating macrophages. Hirano
[33]
et al
have demonstrated that kupffer cells are the
principal source of HO-1 in the liver. Previous studies
have demonstrated increased free radicals in the blood
[34]
following RIPC . Increased ROS may induce a low
grade oxidative stress in the liver and since kupffer
cells are the key cells in the initial inflammatory
response this may explain the increased HO-1 in the
kupffer cells.
HO mediates breakdown of haem to biliverdin,
iron and CO. Biliverdin and iron have antioxidant
functions and CO has both vasodilatory and anti
platelet functions. HO-1 modulates flow, stabilizes
membrane potential and most importantly degrades
haem. It scavenges free radicals generated in IR
[21]
injury thus mitigating the effects of IR injury . The
protective effects of RIPC, increased HO-1 expression
in RIPC group and loss of protective effects of RIPC
after inhibition of HO-1 suggest the role of RIPC
induced HO-1 pathways in modulation of hepatic
microcirculation. In addition the production of CO as
a result of haem breakdown maybe responsible for
reduced stasis and plugging due to its antiplatelet
effects thereby leading to increased RBC flow. CO is
known to modulate the function of hepatic sinusoidal
pericytes called Ito cells which regulate sinusoidal
tone and function. Future studies would need to
investigate the role of CO releasing molecules (CORM)
in modulation of hepatic IR.

seen in RIPC as compared to IR only. Previous studies
have shown by intravital microscopy improved flow
and sinusoidal perfusion and decreased hepatocellular
death following PDTC induced HO expression in the
[12,20]
liver
.
ZnPP + RIPC + IR: Inhibition of HO by ZnPP in the
preconditioned group showed a significantly high
Suzuki score (8.83 ± 0.6) suggestive of increased
cell necrosis and congestion which correlated with
decreased sinusoidal flow and perfusion, increased
hepatocellular death on IVM, increased neutrophil
adhesion, CINC levels and serum transaminase levels
suggestive of significantly increased hepatocellu
lar injury. Decreased HO expression was seen on
immunohistochemistry and Western blot analysis
in comparison to RIPC group. Previous studies by
[35]
Katori et al
have shown that HO inhibition of the
donor with chromium mesoporphyrin prior to harvest
of the liver was associated with decreased recipient
animal survival following subsequent implantation in
[15]
recipient liver transplant models. Lai et al
showed
that inhibition of HO by ZnPP in RIPC was associated
with significantly increased histological evidence of
cell necrosis and congestion and increased serum
transaminases.
IR-24 and RIPC + IR-24: Increased HO protein
correlated with decreased sinusoidal and venular
neutrophil adhesion in RIPC in the late phase,
decreased histological necrosis and congestion and
hepatocellular death as observed by propidium
iodide staining in the late phase of RIPC + IR. This
suggests that HO protein is responsible for protection
of hepatic parenchyma and hepatic microcirculation
due to reduced injury in delayed phase of hepatic IR.
Sinusoidal diameter increased in the late phase of
hepatic IR suggesting that HO may be responsible for
modulation of sinusoidal dilatation. Interestingly the
difference in flow between IR and RIPC groups was
due to modulation of flow due to changes in sinusoidal
diameter and not RBC velocity.

Correlation of histological changes, microcirculatory
flow, hepatocellular death, neutrophil adhesion, serum
transaminases, HO expression and CINC levels

Hepatic IR/RIPC + IR/PDTC + IR: The modified
Suzuki score in IR injury was significantly higher
(8.83 ± 0.7) than RIPC+IR group (6.2 ± 0.58) or
PDTC+IR group (4.5 ± 0.5). This correlated with
decreased flow and sinusoidal perfusion, increased
hepatocellular death observed by propidium iodide
staining under IVM in hepatic IR, increased sinusoidal
and venular neutrophil adhesion, increased CINC
levels and increased serum transminase levels.
Increased HO expression was seen in kupffer cells in
hepatic IR as compared to sham group. This is due
to oxidative stress of IR and has been observed in
[4]
hepatic IR in previous experiments by Katori et al
[26]
and Hata et al . Both preconditioned animals (RIPC
+ IR) and PTDC+IR group showed improved blood
flow, sinusoidal perfusion, decreased hepatocellular
death , sinusoidal and venular neutrophil adhesion,
decreased CINC levels and serum transaminase
[15]
levels. Lai et al
showed that preconditioned animals
(RIPC+IR) showed decreased histological evidence
of injury and serum transminases supporting our
findings in this study although they did not investigate
microcirculatory flow. Increased HO expression was
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Drug dose selection and toxicity

ZnPP and its hepatotoxicity: Previous experiments
in sham animals have shown that ZnPP inhibits
haemoxygenase if used in the darkness. If ZnPP
is exposed to light its effect of HO inhibition is lost
however, ZnPP inhibits hepatic artery dilatation
when exposed to light and this potentially leads to
[36,37]
hepatotoxicity
. Hepatoxicity can confound the
experimental data and hence in order to avoid this
confounding effect ZnPP was prepared in the dark and
administered through a syringe covered with silver
foil with minimal laboratory light. The dose used was
1.5 mg/kg (2.5 µmol/kg) and this is much lower than
the hepatotoxic toxic dose of ZnPP (5-10 µmol/kg)
[36]
[3]
as shown by Greenbaum et al . Amersi et al
(1999) showed that ZnPP treatment in shams led to
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undetectable baseline HO and reduced portal flow and
bile flow.

to clinical application would be the next step.

COMMENTS
COMMENTS

PDTC and toxicity

Background

[30]

Tsuchihashi et al
(2003) demonstrated in an animal
model that doses in excess of 600 mg/kg killed
animals but animals did not die by injection of any
dose upto 600 mg/kg. Doses more than 200 mg/kg
offset the beneficial effects of PDTC as demonstrated
[29]
by Liu et al
(1999). Hence we chose a dose of
100 mg/kg as used in experiments by Tsuchihashi
[30]
et al . PDTC shows a dose dependent relationship
with regard to its beneficial effects. At doses of 100
mg/kg PDTC induces HO in kupffer cells but does not
[26]
influence sinusoidal dilatation. Hata et al
showed
that at doses of 150 mg/kg PDTC induced sinusoidal
dilatation in sham animals, increased HO-1 with peak
mRNA levels detectable at 3 h after PDTC injection
and then declined. HO Protein expression peaked
at 24-48 h after injection and was dose dependent.
Immunohistochemistry revealed that PDTC at higher
doses induced HO-1 in both periportal kupffer cells and
hepatocytes in pericentral areas.
In a recent animal rat model of orthotopic liver
transplantation RIPC applied to the recipient in the
anhepatic recipient phase significantly improved liver
[38]
graft function .
This study has demonstrated the hepatic micro
circulatory changes which are associated with the early
and late phases of liver warm IR injury. RIPC induced
increased sinusoidal perfusion and sinusoidal flow in
both phases of IR but increased velocity of RBCs in
the early phase in contrast to increased sinusoidal
diameter in the late phase. The effect of RIPC was
reproduced by HO-1 induction prior to the IR injury
and inhibited by a HO-1 blocker in the early phase of
hepatic IR. Increased HO production was observed in
the late phase of hepatic IR both in kupffer cells and
parenchymal cells.
These data would suggest that HO-1 is a key
pathway responsible for modulation of microcirculatory
changes and protection from the deleterious effects
of IR. In the early period inducible HO-1 rather than
constitutive HO-1 through its antinflammatory actions
is likely to be the key candidate molecule responsible
for protection of microcirculation. In the late phase it is
likely that parenchymal HO is responsible for sinusoidal
dilatation and protection of hepatic microcirculation.
This study could not distinguish between the subtypes
of HO.
Another Key finding of the study was demonstration
of CINC modulation and neutrophil activation by HO.
Further investigation in HO knockout mice to
clarify the mechanism of HO and the role of different
subtypes is needed. The role of HO inducers in the
clinical setting of hepatic IR and use of CORM (CO
releasing molecules), curcumin and simvastatin (HO
inducer) needs to be further investigated. Translation
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this original research article has focussed on investigating the role of
haemoxygenase pathways in remote ischemic preconditioning (RIPC) induced
modulation of hepatic ischemia reperfusion injury. Intravital microscopy in
this study has demonstrated significantly improved hepatic microcirculation
following haemoxygenase (HO) induction and loss of protective effects of RIPC
following HO inhibition.

Research frontiers

this study is Novel in demonstrating the protective effect of RIPC on hepatic IR
through modulation of haemoxygenase pathways and Serum CINC (Cytokine
induced neutrophil chemoattractant) levels. Significantly increased flow,
perfusion and decreased neutrophil adhesion as well as hepatocellular death
co-related with decreased CINC levels and increased HO production in RIPC.

Innovations and breakthroughs

this study highlights the modulation of CINC by RIPC induced HO. CINC is
responsible for neutrophil activation and modulation of neutrophil activation is a
key mechanism in protection of hepatic microcirculation.

Applications

RIPC can be translated to donor preconditioning and preconditioning prior to
liver resection to minimise ischemia reperfusion injury and manage small for
size syndrome.

Peer-review

This article is to study the hepatic microcirculatory changes due to HO induced
by RIPC, effect of HO inhibition and modulation of CINC. The study finding is
new and interesting.
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Abstract
AIM
To determine the impact of selected well defined
Helicobacter pylori (H. pylori ) antigens on gastric
barrier cell turnover.
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N/NZ6/00805 and No. DEC-2015/17/N/NZ6/03490.

METHODS
In this study, using two cellular models of gastric
epithelial cells and fibroblasts, we have focused
on exploring the effects of well defined H. pylori
soluble components such as glycine acid extract
antigenic complex (GE), subunit A of urease (UreA),
cytotoxin associated gene A protein (CagA) and
lipopolysaccharide (LPS) on cell turnover by comparing
the wound healing capacity of the cells in terms of their
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proliferative and metabolic activity as well as cell cycle
distribution. Toxic effects of H. pylori components have
been assessed in an association with damage to cell
nuclei and inhibition of signal transducer and activator
of transcription 3 (STAT3) phosphorylation.

INTRODUCTION
The gastric mucosal barrier (GMB) is composed of
a pre-epithelial layer (mucus and bicarbonate), a
tight epithelial component, the post-epithelial layer
(fibroblasts and immune cells), microcirculation (blood
[1]
flow) and nerves . Epithelial cells are responsible for
[2]
gastric barrier integrity and function . Any disruption
of GMB, due to infectious agents or inflammation,
leads to a variety of disorders, including gastritis or
even gastric cancer. In order to establish and develop
[3]
a disease, infectious agents must overcome GMB .
Among bacterial pathogens, a Gram-negative, spiralshaped bacterium Helicobacter pylori (H. pylori) has
been shown to play a crucial role in the development
[4]
of gastritis and gastric as well as duodenal ulcers due
[5]
to various mechanisms to evade host’s responses .
In 10%-15% individuals this infection can lead to
severe inflammation, peptic ulcer disease (10%),
mucosa-associated lymphoid tissue (MALT) lymphoma
[6-9]
(0.1%), or gastric adenocarcinoma (1%-3%) . H.
pylori induces histological gastritis associated with an
[10]
infiltration of gastric mucosa with immune cells .
However, other microorganisms or even non-infectious
agents such as corticosteroids, nonsteroidal antiinflammatory drugs, aspirin and excessive alcohol
consumption can play a role in the development of
[11-13]
gastritis
. H. pylori antigens, which are translocated
through the gastrointestinal tract in the Payer’s patches,
[14]
induce specific immune response . Small molecular
weight antigens including LPS enter the lamina propria
via goblet cells. Moreover, the epithelial cells villi can
also internalize particles of antigens such as bacterial
+
cell debris, which can be found co-localized with CD11
[15]
dendritic cells in the lamina propria .
The infection begins by mucus colonization, which
is followed by the attachment of bacteria to the
underlying epithelial cells and extracellular matrix
[16-18]
proteins
. The bacteria also interact with infiltrating
immune cells via Pathogen Recognition Receptors (PRR)
stimulating them to cytokine secretion or can even
[19,20]
enter the bloodstream
. H. pylori urease protects
the pathogens from gastric acid and degrades of
[21-23]
intracellular tight junctions
. Adhesins representing
outer membrane proteins such as Hop proteins and
blood antigen binding adhesins mediate H. pylori
[16,18]
binding to GMB
. Other factors, such as cytotoxinassociated gene A (CagA) protein and vacuolating
toxin A (VacA) are able to trigger inflammatory
responses in host gastric tissues and predispose to
[6,24]
gastric ulcer and cancer
. The CagA is delivered
into the host cells by the type IV secretion system
[25-27]
(T4SS)
where it interferes with host signalling
[28,29]
pathways and cellular functions
. However, CagA
may also interact with the host cells in a soluble
[30,31]
[32,33]
form
or as phospholipid vesicles
, which have
been indentified to attach to and to be taken up by

RESULTS
We showed that H. pylori GE, CagA and UreA promoted
regeneration of epithelial cells and fibroblasts, which
is necessary for effective tissue healing. However,
in vivo increased proliferative activity of these cells
may constitute an increased risk of gastric neoplasia.
In contrast, H. pylori LPS showed a dose-dependent
influence on the process of wound healing. At a low
concentration (1 ng/mL) H. pylori LPS accelerated of
healing epithelial cells, which was linked to significantly
enhanced cell proliferation and MTT reduction as well
as lack of alterations in cell cycle and downregulation
of epidermal growth factor (EGF) production as well as
cell nuclei destruction. By comparison, H. pylori LPS at
a high concentration (25 ng/mL) inhibited the process
of wound repair, which was related to diminished
proliferative activity of the cells, cell cycle arrest,
destruction of cell nuclei and downregulation of the
EGF/STAT3 signalling pathway.
CONCLUSION

In vivo H. pylori LPS driven effects might lead to
the maintenance of chronic inflammatory response
and pathological disorders on the level of the gastric
mucosal barrier.

Key words: Helicobacter pylori ; Wound healing; Gastric
barrier dysfunction
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.
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[34-36]

human epithelial cells
. Furthermore, it has been
found that gastric epithelial cells inducibly expressing
CagA secrete exosomes containing CagA, which can
[37]
be distributed by circulation . By using the H. pylori
G27 strain (cagA+/vacA+) and two isogenic mutants
defective in cagA (G27 cagA-/vacA+) or vacA (G27
[38]
cagA+/vacA-) , we showed that CagA present in the
cytoplasmic fraction of bacterial cells was responsible
[28]
for the inhibition of proliferation of T lymphocytes .
Among H. pylori virulence factors, LPS has a unique
status since modifications of lipid A lead to reduction
of endotoxic properties, whereas O-specific chains
structurally similar to human Lewis (Le) blood-group
[39,40]
antigens are responsible for molecular mimicry
,
[41-43]
which allow H. pylori to persist
. This is by reducing
the host immune response mechanisms including
[44]
[45]
phagocytosis , Natural Killer cells activity
and
[46-48]
proliferation of T lymphocytes
. LPS through
binding with dendritic cell-specific intercellular
adhesion molecule-3-grabbing nonintegrin (DCSIGN) may interfere with the development of specific
[49,50]
immune response
. The biological actions of LPS
are mediated by CD14 and Toll-like receptors (TLR) 4
and TLR2, scavenger receptors, β2 integrins and LPS[51,52]
binding protein (LBP)
.
The long-term inflammation can increase the
gastric barrier permeability as well as further damage
[5,50]
to lamina propria
and might promote different
[53-55]
extragastric disorders
. Although several H. pylori
factors engaged in gastric lining disruption have been
identified, the mechanisms of tissue damage are still
not well known. We hypothesised that gastric epithelial
barrier disruption could result in either epithelial
cell loss due to ulceration or excessive epithelial cell
growth predisposing to gastric neoplasia. The aim of
this study was to explore the ability of gastric epithelial
cells and fibroblasts to heal wound after the challenge
with selected H. pylori antigens: glycine acid extract
antigenic complex (GE), subunit A of urease (UreA),
CagA and LPS. We used in vitro cellular models to
assess the effectiveness of the cells in the wound
healing by monitoring the cell migration in association
with cell metabolic activity, proliferation, cell cycle
distribution, as well as damage to cell nuclei.

CO2. The cells were passaged every seven days with
0.25% trypsin/0.02% EDTA (HyClone, Thermo Fisher
Scientific, Waltham, MA, United States) and the
medium was changed every 3-4 d.

Stimuli

GE from the reference H. pylori strain CCUG 17874
(Culture Collection University of Gothenburg, Sweden),
at 10 µg/mL was used in the experiments. Surface
H. pylori antigens were extracted using 0.2 mol/L
[58,59]
glycine buffer, pH 2.2, as previously described
with the evaluation of protein composition by SDSPAGE electrophoresis and Western blot - Immuno blot
(Milenia® Blot H. pylori, DPC Biermann, GmbH, Bad
Nauheim, Germany). Serological detection of antigens
was performed with reference serum samples from
[60]
patients infected with H. pylori . Major proteins in
GE recognized by sera from H. pylori infected patients
were: 120 kDa (CagA), 87 kDa (VacA), 66kDa (UreB),
60 kDa (Hsp), 29 kDa (UreA), between 66-22 kDa. The
protein concentration in GE was 600 µg/mL (NanoDrop
2000c Spectrophotometer, ThermoScientific, Wlatman,
WY, United States). GE contained < 0.001 EU/mL of
LPS, as shown by the chromogenic Limulus amebocyte
lysate test (Lonza, Braine-Alleud, Belgium).
Recombinant CagA protein - rCagA (a kind gift
from Antonello Covacci, IRIS, Siena, Italy) was used at
the concentration of 1 µg/mL. A recombinant fragment
of the CagA antigen of H. pylori: nt 2777 to nt 3465
of cagA gene was used. It was expressed (QIAexpress
System, Qiagen, Hilden, Germany) in E. coli as a
fusion protein (about 26 kDa size) with a 6 His-tail in
front of a 230 aa polypeptide of CagA. The protein was
2+[61]
purified by Ni NTA agarose column
and checked
[62]
for serological activity in the enzyme immunoassay .
Based on the common substrate activity and high
homology of urease produced by the species of the
genus Helicobacter in this study the UreA subunit from
H. acinonychis isolated from the acidic environment
of cheetah stomach was used as a homologue of H.
pylori UreA protein (97% homology). The urease
gene was amplified by a polymerase chain reaction
[63]
(PCR), as previously described
using chromosomal
DNA as a template and oligonucleotides hisureA-up
and hisureA-dn as primers. DNA encoding six histidines
(His6-tag) was carried by oligonucleotide hisure-A-dn.
The obtained PCR product of 737 bp was digested with
enzymes KpnI and NheI and cloned into the commercial
vector pBAD (Stratagene, California, United States).
The resulting plasmid, pMD1, was verified by restriction
analysis and nucleotide sequencing. pMD1 was used to
transform the E. coli strain DH5α and the recombinant
strain was used to overproduce UreA by the addition of
arabinose 0.05%. A 27 kDa protein was visualized on
a coomassie blue stained gel and purified on Ni-NTA
superflow agarose (Qiagen) followed by gel filtration
on Superose 6 resin. UreA was used at 5 µg/mL.
LPS from the reference strain of H. pylori CCUG

MATERIALS AND METHODS
Cell culture

The human AGS (CRL-1739) gastric adenocarci
[56]
noma epithelial cell line
and guinea pig fibroblasts
[57]
(CRL-1405)
were obtained from the American Type
Culture Collection (ATCC, Rockville, Md.). The cells
were routinely grown as a monolayer in complete
RPMI-1640 medium (cRPMI; Sigma St. Louis, MI,
United States), containing 10% heat inactivated Fetal
Bovine Serum (FBS; CytoGen, Łódź, Poland), 1%
penicillin/streptomycin (Gibco, Zug, Switzerland),
at 37 ℃ in a humidified atmosphere containing 5%
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17874 was prepared by hot phenol-water extraction
[64]
as previously described . Whole cell lysates were
pretreated with proteinase K (Sigma, St Louis, MI,
[65]
United States) . Crude extraction of LPS from bacteria
was performed with 45% aqueous phenol at 68 ℃
[66]
for 30 min . The LPS preparations were purified by
treatment with RNase A, DNase II and proteinase
K (Sigma) and by ultracentrifugation at 100000 ×
[67]
g at 4 ℃ for 18 h . H. pylori LPS was used at two
concentrations: 1 ng/mL and 25 ng/mL. Standard E.
coli LPS was used at 1 ng/mL or 25 ng/mL, as a control
of H. pylori LPS (serotype O55: B5; Sigma).
In order to study the synergistic or antagonistic
effects, the following combinations of antigens were
used: (1) H. pylori LPS (25 ng/mL) + CagA (1 µg/mL);
and (2) H. pylori LPS (25 ng/mL) + CagA (1 µg/mL)
+ UreA (5 µg/mL) + GE (10 µg/mL). The antigen
concentrations were adjusted experimentally or adopted
[44,47,48,68]
from previously performed experiments
.

Subsequently, all cells were washed with cRPMI and
incubated for further 24 h with the described stimuli.
Fresh MTT solution (5 mg/mL in sterile PBS; Sigma
St. Louis, MI, United States) was added to each well
and the plates were incubated for 2 h at 37 ℃, 5%
CO2. Formazan crystals were dissolved with acidic
isopropanol (0.1 mol/L HCl in absolute isopropanol).
Absorbance at 570 nm was estimated with a plate
reader Victor2 (Wallac, Oy, Turku, Finland). All
results were presented as the percentage means ±
SD (standard deviation) relative to untreated cells
of at least four independent experiments performed
in triplicates. The effectiveness of MTT reduction
was calculated based on the following formula: MTT
reduction relative to untreated cells (%) = (absorbance
of treated cells/absorbance of untreated cells × 100%)
- 100%.

Cell proliferation study

A radioactive proliferation assay based on the measure
3
ment of the tritiated thymidine ([ H]TdR) incorporation
during DNA synthesis was used for the quantification
of AGS cells and guinea pig fibroblasts proliferation.
6
These cells were seeded at a density of 1 × 10
cells/well into 96-well microplates in 100 µL/well of
cRPMI medium and preincubated overnight in order
to obtain a monolayer of adherent cells. Further,
the cells were stimulated for 24 h in the presence of
bacterial antigens or in culture medium alone (as a
control of spontaneous proliferation). After stimulation,
the antigens were removed by washing the cells
with cRPMI. In all experiments, wells containing the
cells alone (without any antigens) were included as
a control. At 18 h before the end of cultivation, 1 µCi
3
of [ H]TdR (Lacomed, Prague, Czech Republic) was
added to each well to estimate cell proliferation. The
incorporation of thymidine was measured using a
MicroBeta 2 scintillation counter (Wallac Oy, Turku,
Finland) after harvesting the cells on fibre filters. All
cultures were settled in six repeats. The results were
expressed as mean counts per minute (cpm)/culture
± SD of six independent experiments, performed
in triplicates. The stimulation index (SI), expressing
the relative cpm ratio, was calculated by dividing
the counts/min for the cell cultures with a stimulator
by the cpm counts/min for the cell cultures without
a stimulator. SI values higher than or equal to 1.0
(cut-off) were considered as a positive result in the
proliferation assay.

Scratch wound assay

Cell migration was evaluated based on the ability of
the cells to migrate into an empty space created by
[69]
an in vitro scratch wound as previously described .
AGS cells or guinea pig fibroblasts were seeded in
6
six-well plates at the density of 1 × 10 cells/well in
1 mL/well RPMI-1640 medium supplemented with
2% FBS/1% standard antibiotics and cultured until
reaching 100% confluence. A lower percentage of FBS
was used to minimize cell proliferation, and sufficient
to prevent apoptosis and/or cell detachment. The cell
monolayer in each well was physically disrupted with
a sterile 200 µL pipette tip, and designated as time 0
h of wound repair. The stimuli described above were
added to the cells. The control for a migratory assay
consisted of untreated cells alone, which exhibited the
normal capacity to migtate. Twenty-four hours after
the challenge, antigens were removed from the cell
cultures and the cells were washed twice with culture
medium/2%FBS. Wound images were taken at 0, 24,
48 and 72 h by a digital camera (Nikon P20, Tokyo,
Japan) at the same positions. Areas were measured
using the software ImageJ version 1.48v (National
Institute of Health, United States). Each wound was
measured four times and the average value was
assessed. The wound healing in the milieu of antigens
was expressed as a percentage of cells migrating to
the wound zone in comparison to untreated cells.

Cell viability assay

Cell cycle analysis

Cytotoxic effects of stimulators used in this study
were evaluated using a tetrazolium yellow dye MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide], which is reduced by living cells to yield
soluble purple formazan crystals that can be detected
colorimetrically. AGS cells and guinea pig fibroblasts
6
(1 × 10 cells/well) were placed in 96-well plates
in a volume of 100 µL and left to adhere overnight.
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[70,71]

The cell cycle was assessed as previously described
.
6
Briefly, AGS cells or guinea pig fibroblasts (1 × 10 cells/
mL) were seeded in 6-well plates (NUNC, Denmark) in
1 mL/well of cRPMI. After overnight preincubation, the
cells were cultured for 24 h in the presence of bacterial
stimuli or in culture medium alone (as a control). After
stimulation, the cells were harvested by trypsinization
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Apoptosis detection assay

and fixed in 70% ice-cold ethanol. The cells were
stained for the total DNA content with a solution
3
containing 75 µmol/dm propidium iodide (PI) and 50
IU Kunitz/mL of DNase-free RNase (Sigma St. Louis,
MI, United States) in PBS for 30 min, at 37 ℃. The
cell cycle distribution was then analyzed in an LSR II
Flow Cytometer (Becton Dickinson, Mountain View, CA,
United States). The percentage of cells in G1, S and G2/
M phases of the cell cycle, and the percentage of cells
undergoing apoptosis were determined with the FlowJo
analytical software.

The binding of annexin V-fluorescein isothiocyanate
(Ann-V) to externalized phosphatidylserine was used as
a marker of apoptotic AGS cells and fibroblasts detected
[70,71]
by flow cytometry as previously described
. Cells
6
were seeded at a density of 1 × 10 cells/well into 6-well
microplates (NUNC, Denmark) in 1 mL/well of cRPMI.
After overnight preincubation, the cells were cultured
for a further 24 h in the presence of bacterial stimuli or
in culture medium alone (as a control). The fluorescein
isothiocyanate (FITC) Annexin V Apoptosis Detection Kit
(Becton Dickinson, San Jose, CA, United States) was
used for the differentiation of apoptotic and necrotic
cells. Briefly, after stimulation, the cells were harvested
by gentle trypsynization and washed with cold PBS. The
cells were resuspended in 1 mL of 1 × binding buffer.
Next, 100 µL was transferred to a 5 mL flow cytometry
tube, and incubated with 5 µL of Annexin V and 5 µL of
PI for 15 min, at room temperature in the dark. Next,
400 µL of 1 × binding buffer was added to each tube.
Flow cytometric analysis was performed immediately
after staining.
Annexin V/PI fluorescence was analysed for each
sample; 10000 events were collected and fluorescence
was detected using FlowJo software. The results are
presented as percentages of cells that were viable
+
(Ann-V /PI ), early apoptotic cells (Ann-V /PI ), the
+
+
cells in the late stages of apoptosis (Ann-V /PI ) or
+
necrotic cells (Ann-V /PI ).

DAPI staining of cell nuclei

Cell nuclei were stained with 4’,6-diamidino-2phenylindole (DAPI; Sigma, St. Louis, MI, United States),
a fluorescent dye which has a strong affinity to the AT
base pair in DNA. The cells, after a 24 h stimulation with
bacterial antigens, were fixed with 4% formaldehyde,
and stained with DAPI solution (2.5 µg/mL) for 15 min
at room temperature. Preparations were viewed under
a fluorescent microscope (Zeiss, Axio Scope, A1) at
a wavelength of 358 nm (excitation) and 461 nm
(emission). We evaluated the percentage of the cells
with damaged nuclei.

Comet assay

The comet assay was used to detect DNA damage. It
was performed under alkaline conditions (pH > 13) as
[72]
previously described . Briefly, AGS and fibroblast cell
suspensions were separately mixed with low-melting
4
point agarose at 1 × 10 cells/mL, at 37 ℃ and evenly
pipetted onto the microscope slides pre-coated with
250 µL of 0.5% normal melting point agarose. The
slides were maintained on ice for 10 min to solidify.
All the steps were conducted in the dark or under
reduced light to prevent additional DNA damage. The
remaining cells were exposed to bacterial stimuli for
24 h. After incubation, the treated cells were washed
with ice-cold PBS and spread on the slides as described
above. The slides were then immersed in a chilled lysis
solution (2.5 mol/L NaCl, 100 mmol/L EDTA, 10 mmol/L
Tris-HCl, 1% Triton X-100 and 1% N-lauroylsarcosine
sodium, pH 10.0) for 1 h at 4 ℃ in the dark. Thereafter,
the slides were rinsed in freshly prepared and chilled
electrophoresis buffer (1 mmol/L EDTA, 300 mmol/L
NaOH and pH > 13) at 4 ℃ for 40 min to allow DNA
unwinding. Electrophoresis was then performed at 25
V, 300 mA (0.86 V/cm) for 23 min at 4 ℃. The slides
were washed with a neutralizing buffer (0.4 mol/L
Tris-HCl and pH 7.5) and then DNA was stained with
DAPI (2 µg/mL). Images of the comets were captured
under a fluorescence microscope (Zeiss, Axio Scope.
A1) at × 400 magnification. For each sample, a
minimum of 100 comets were randomly selected and
the percentage of DNA in the comet tail (% tail DNA)
was analyzed using the Comet Assay Software Project
[73]
(CASP) as recommended by Końca et al .
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ELISA assays

The epidermal growth factor (EGF) concentration
was evaluated in supernatants from AGS cell cultures
untreated or stimulated for 24 h with bacterial
antigens, according to the manufacturer’s protocol
(Human EGF ELISA Kit, Elabscience Biotechnology
Co., Ltd, China). Since there is a positive correlation
between the concentration of EGF and the signal
transducer and activator of transcription 3 (STAT3)
signalling pathway, we also assessed the percentage
of phospho-STAT3. The procedure detecting phosphoSTAT3 in AGS cells was used according to the
manufacturer’s instructions (Human/Mouse phosphoSTAT3 (Y705) Cell-Based ELISA, R&D Systems,
Minneapolis, United States). Briefly, 100 µL of 2 ×
4
10 AGS cells was seeded into each well of a black
96-well microplate with a clear bottom, and incubated
overnight at 37 ℃. The cells were then treated with
bacterial antigens for 24 h as previously described.
AGS cells stimulated with EGF (0.125 ng/mL) were
used as a positive control. Following the treatments,
the cells were tested with the cell-based ELISA kit.

Statistical analysis

All values were expressed as the mean ± SD. The
differences between antigen activities were tested
using the non-parametric Mann-Whitney U test. For
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statistical analysis the Statistica 12 PL software was
used. Results were considered statistically significant
when P < 0.05.

cultures, but not in 48- and 72-h cell cultures exposed
to H. pylori LPS at 25 ng/mL slightly increased when
H. pylori LPS (25 ng/mL) was combined with CagA.
Also, a mixture of H. pylori LPS (25 ng/mL) with the
following antigens: CagA, UreA and GE minimized
the loss of cell confluence. However, these H. pylori
antigens were not able to completely neutralize the
effect of H. pylori LPS used at high concentration (25
ng/mL).
These results show inhibitory effect of H. pylori
LPS used both at high and low concentrations on the
wound healing process in fibroblasts and up-regulation
of cell migration after the challenge with other H. pylori
compounds used separately in the study.

RESULTS
Kinetics of wound healing in response to H. pylori
antigens

The percentages of gastric epithelial cells and fibro
blasts migrating to the wound zone are presented on
Figure 1A(i) and B(i), respectively, and visualised on
images showing the influence of selected antigens
which interfered with cell migration and wound healing
process [Figure 1A(ii) and B(ii)].
The motility of untreated AGS cells increased with
time and the percentages of cells migrating to the
“wounded zone” were: 62.3%, 80.8% and 100%
after 24, 48 and 72 h, respectively. The rate of wound
healing accelerated after 24-h of the cell cultures
treatment with GE (10 µg/mL), UreA (5 µg/mL),
CagA (1 µg/mL), and H. pylori LPS as well as E. coli
LPS at 1 ng/mL (P = 0.03) (Figure 1A). On the other
hand, E. coli LPS at 25 ng/mL affected cell migration
up to 45.4% confluence and 46.1% in 24 and 48-h
cell cultures, respectively. By comparison, H. pylori
LPS at the same concentration (25 ng/mL) inhibited
completely the wound healing in 24-, 48- and 72-h
cell cultures, which was correlated with a decrease
in the cell adhesion (100% lack of confluence). This
effect was abolished in the cell cultures exposed for
24 h, but not in those exposed for 48 and 72 h, to
H. pylori LPS (25 ng/mL) in combination with CagA.
Prolonged cell exposure to H. pylori LPS (25 ng/mL)
and CagA resulted in a complete loss of cell adherence.
Interestingly, the inhibitory effect of H. pylori LPS on
cell migration was abolished in the cell cultures exposed
for 24, 48 and 72 h to H. pylori LPS (25 ng/mL) in the
presence of CagA, UreA and GE.
The results indicate that H. pylori compounds differ
in terms of their impact on cell migration. H. pylori LPS
at a high concentration inhibited wound healing, while
GE, UreA, CagA as well as H. pylori LPS at a low dose
accelerated cell motility.
Similarly to AGS cells, the wound healing rate
of untreated fibroblasts increased with the time by
10.8%, 42.8% and 68.7% in 24-, 48- and 72-h cell
cultures, respectively (Figure 1B). Cell migration
increased in cell cultures exposed to UreA (P = 0.03)
for 24 and 48 h as well as to CagA (P = 0.03) or GE (P
= 0.03) for 24, 48 and 72 h. In contrast, 24, 48 and
72-h incubation of cell cultures with H. pylori LPS at 1
ng/mL resulted in a significant decrease in the extent
of wound recovery. By comparison, E. coli LPS at 1 ng/
mL did not affect cell migration 24 and 48 h after the
challenge. The percentage of wound confluence was
even higher in 72-h cell cultures exposed to the same
concentration of E. coli LPS as compared to untreated
cells. The percentage of wound confluence in 24-h cell
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Cell migration vs cell proliferation, cell cycle and
metabolic activity in response to H. pylori antigens 24 h
after the challenge

In order to specify the mechanism of wound healing in
response to activity of H. pylori antigens, we compared
the impact of H. pylori compounds on proliferation,
cell viability and cell cycle of AGS cells and fibroblasts
24 h after the challenge. The increased wound closure
observed in AGS cell cultures exposed to GE, UreA,
CagA or H. pylori LPS (1 ng/mL) (Figure 1A) was
related to the increased proliferation (P = 0.03; Figure
2A) and enhanced ability of the cells to reduce MTT (P
= 0.02; Figure 2B). The E. coli LPS at 1 ng/mL did not
influence the cell movement (Figure 1A), proliferation
(Figure 2A) or viability (Figure 2B). Despite the
reduced wound confluence in response to E. coli LPS
at 25 ng/mL (Figure 1A), the proliferative activity and
cell viability were not affected (Figure 2A and B). By
comparison, H. pylori LPS at 25 ng/mL downregulated
cell migration (100% lack of cell confluence, P =
0.03; Figure 1A) and proliferation (SI = 0.3, P =
0.03; Figure 2A) as well as cell viability (P = 0.02;
Figure 2B). A similar effect was observed when H.
pylori LPS (25 ng/mL) was used in combination with
CagA (SI = 0.5, P = 0.03). In these conditions also
the cell ability to reduce MTT was reduced (P = 0.02;
Figure 2B). However, when H. pylori LPS (25 ng/mL)
was used together with CagA, UreA and GE, it lost its
inhibitory potential in terms of cell migration as well as
proliferative and metabolic activity (P < 0.05; Figure
1A, Figure 2A and B).
The obtained results indicate that the ability of
H. pylori LPS at a high concentration to reduce cell
migration is associated with the inhibition of cell
spreading and metabolic activity. By comparison,
epithelial cells recovered their activity after the
exposure to H. pylori GE, UreA, CagA or H. pylori LPS
used at a low dose.
To determine whether the impaired ability of
AGS cells to proliferate was related to the cell cycle
arrest, we analyzed the cell cycle phase distribution
in 24-h cell cultures untreated or pulsed with H. pylori
antigens. Cells were stained with PI and subjected to
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Figure 1 Migration effectiveness of human epithelial AGS cells and guinea pig fibroblasts assessed in a scratch assay. (i) AGS cells (A) and fibroblasts
(B) were grown to confluence and incubated overnight in RPMI-1640 medium/2% FBS/1% standard antibiotics. A wound was then made in a cell monolayer and
culture medium alone or solutions of bacterial antigens were added. Wound areas were measured at 0, 24, 48 and 72 h after the challenge. Graphs of the average
wound size against time, in which the results are shown for cells incubated alone (culture medium) or treated with GE (10 µg/mL), UreA (5 µg/mL), CagA (1 µg/mL)
and Helicobacter pylori (H. pylori) LPS as well as Escherichia coli (E. coli) LPS (1 ng/mL or 25 ng/mL) or with a combination of H. pylori compounds: H. pylori LPS
(25 ng/mL) and CagA (1 µg/mL) or H. pylori LPS (25 ng/mL), CagA (1 µg/mL), UreA (5 µg/mL) and GE (10 µg/mL). P = 0.03 vs untreated cells; (ii) Phase-contrast
microscopy images were taken at the indicated time points and the extent of wound closure for each treatment variant was calculated as a percentage of migrating
cells. Representative photos of each time point are shown (magnification × 200). aP = 0.03 vs untreated cells (according to the time of stimulation).
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Figure 2 Influence of bacterial antigens on AGS cell proliferation and ability to reduce MTT. A: The proliferative activity of AGS cells was estimated in cell
cultures non-stimulated or stimulated for 24 h with bacterial antigens. After incubation, [3H]-thymidine incorporation into cellular DNA was analyzed. The graph shows
the stimulation index (SI), which was calculated by dividing the radioactivity counts (cpm/min) for the cell cultures in the presence of a stimulus by the counts for
control cell cultures in RPMI-1640 medium alone. The results are shown as SI ± SD of six independent experiments, performed in triplicates. aP = 0.03 vs untreated
cells; B: AGS were treated for 24 h with bacterial antigens. After incubation, the ability of cells to reduce MTT was estimated. The graph shows the percentage of MTT
reduction ± SD relative to untreated cells. The data represent the average values of four independent experiments performed in triplicates. The values have been
normalized to those of the untreated cells. bP = 0.02 vs untreated cells.

flow cytometric analysis. As shown in Figure 3, 63%,
21% and 13% of untreated AGS cells were in the G1, S
and G2 phase, respectively. It was shown that H. pylori
LPS at 25 ng/mL, 24 h after the challenge, prevented
AGS cells from entering the G2 phase, resulting in
the accumulation of AGS cells in the S phase (37%,
P = 0.01). Similarly, H. pylori LPS (25 ng/mL) in the
presence of CagA blocked the cell cycle and caused
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an increase in the cell number in the S phase (34%),
(P = 0.03). A mixture of H. pylori LPS (25 ng/mL),
CagA, UreA and GE did not induce any block in the
cell turnover. By comparison, H. pylori LPS at 1 ng/mL
and E. coli LPS at both low and high concentrations as
well as other H. pylori antigens used separately did not
affect the cell cycle.
These results reveal that the disturbance in epi
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Figure 3 Effect of Helicobacter pylori antigens on the epithelial cell cycle profile. AGS cells were incubated for 24 h in RPMI-1640 medium alone or in the
presence of bacterial antigens. The cell cycle profile was determined by propidium iodide (PI) staining and the analysis was performed by flow cytometry. The data
represent the percentage of cells in each cycle phase of six experiments. Statistically significant differences are indicated as P < 0.05 vs untreated cells and included
in DNA histograms.

thelial cell migration induced by high dose of H. pylori
LPS is a result of the cell cycle arrest.
The similar comparisons were made for the
wound healing capacity of fibroblasts (Figure 1B),
their proliferative activity (Figure 4A), the ability to
reduce MTT (Figure 4B) and cell cycle distribution
(Figure 5), in response to H. pylori antigens 24 h
after the challenge. As shown in Figure 1B, migration
of fibroblasts was modulated positively or negatively
depending on the H. pylori antigen. The percentage
of wound closure increased in response to single H.
pylori antigens: GE, UreA or CagA, 24 h after the
challenge (Figure 1B). In the case of GE, this effect
was related to proliferation enhancement (P = 0.01)
and MTT reduction (P = 0.02), whereas in response
to UreA both activities were on the level of untreated
cells (Figure 4A and B). In the cell cultures exposed
to CagA the enhanced MTT reduction was shown (P
= 0.01, Figure 4B). Reduced cell migration (-16%),
which was observed in response to H. pylori LPS
at 1 ng/mL, was not related to a decrease in MTT
reduction and cell proliferation (Figure 1B, Figure
4A and B). However, even at the low concentration,
H. pylori LPS caused an accumulation of cells in the
S phase (25%), (P = 0.05; Figure 5). The strongest
effect on fibroblasts was induced by H. pylori LPS at 25
ng/mL. At this concentration, H. pylori LPS completely
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abrogated the process of wound healing (Figure 1B),
significantly diminished the proliferative activity of the
cells, (P = 0.02; Figure 4A), and MTT reduction (P =
0.001; Figure 4B). This phenomenon was related to
the increased number (16%) of cells in the G2 phase of
the cell cycle (P = 0.02; Figure 5). It was also shown
that H. pylori LPS at 25 ng/mL even in combination
with CagA downregulated cell migration (P = 0.03;
Figure 1B), which was followed by the inhibition of
proliferative response (P = 0.02; Figure 4A), MTT
reduction, (P = 0.001; Figure 4B) and the cell cycle
arrest in the S phase (28%), (P = 0.03; Figure 5).
Stimulation of fibroblasts with the combination of H.
pylori compounds (CagA, UreA, GE) in the presence
of H. pylori LPS at 25 ng/mL resulted in the inhibition
of the cell functions: migration (P = 0.03; Figure 1B),
proliferation (P = 0.02; Figure 4A), MTT reduction
(P = 0.001; Figure 4B) and the cell cycle arrest in
the S phase (21%, P = 0.05; Figure 5). However,
none of these antigens used alone (without H. pylori
LPS at 25 ng/mL) affected any of these functions.
By comparison, standard E. coli LPS at 1 ng/mL did
not affect cell migration, proliferation or metabolic
activity, whereas at 25 ng/mL it downregulated the
cell movement (P = 0.03; Figure 1B), proliferation (P
= 0.02; Figure 4A) and MTT reduction (P = 0.00002;
Figure 4B). These effects were associated with the cell
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Figure 4 Influence of bacterial antigens on the ability of fibroblasts to proliferate and reduce MTT. A: The proliferative activity of fibroblasts was estimated in
cell cultures non-stimulated or stimulated for 24 h with bacterial antigens. After incubation, [3H]-thymidine incorporation into cellular DNA was analyzed. The graph
shows the stimulation index (SI), which was calculated by dividing the radioactivity counts (cpm/min) for the cell cultures in the presence of a stimulus by the counts for
control cell cultures in RPMI-1640 medium alone. The results are shown as SI ± SD of six independent experiments, performed in triplicates. aP = 0.02 vs untreated
cells; B: Fibroblasts were treated for 24 h with bacterial antigens. After incubation, the ability of cells to reduce MTT was estimated. The graph shows the percentage
of MTT reduction ± SD relative to untreated cells. The data represent the average values of four independent experiments performed in triplicates. The values have
been normalized to those of the untreated cells. bP = 0.01; cP = 0.001; dP = 0.00002 vs untreated cells.

cycle arrest (17%) in the G2 phase, P = 0.01 (Figure 5).
These studies show that fibroblasts similarly to the
epithelial cells are sensitive to high concentration of H.
pylori LPS, but in contrast to epithelial cells fibroblasts
are also affected by low concentration of H. pylori LPS
as well as high dose of E. coli LPS.

for a deeper explanation of the nature of H. pylori LPSdependent negative modulation of the cell functions,
on the level of DNA integrity and signs of cell death.
To examine whether H. pylori LPS at 25 ng/mL may
induce DNA damage in AGS cells and fibroblasts,
we performed DAPI staining and a comet assay. The
results of these assays are shown in Figure 6A and B
for AGS cells and fibroblasts, respectively. H. pylori
LPS at 25 ng/mL and in combination with CagA (but
not CagA alone) induced significant DNA condensation

H. pylori LPS-induced cell dysfunction vs DNA
disintegration, cell apoptosis or necrosis

The results presented above prompted us to search
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Figure 5 Effect of Helicobacter pylori antigens on the fibroblast cell cycle profile. Fibroblasts were incubated for 24 h in RPMI-1640 medium alone or in the
presence of bacterial antigens. The cell cycle profile was determined by propidium iodide (PI) staining and the analysis was performed by flow cytometry. The data
represent the percentage of cells in each cycle phase of six experiments. Statistically significant differences are indicated as P < 0.05 vs untreated cells and included
in DNA histograms.

in 24.7% and 16.3% of AGS cells, respectively, which
was shown by the percentage of cells with damaged
DNA and visualized by an increased fluorescence
intensity (Figure 6A). Furthermore, H. pylori treatment
led to longer DNA smears: 75% and 49.7% DNA in
tail, respectively (P < 0.0001; Figure 6A).
In a cell culture of fibroblasts, H. pylori LPS
induced dose dependent DNA damage as assessed
by DAPI staining and a comet assay (Figure 6B). The
percentages of fibroblasts treated with H. pylori LPS at
25 ng/mL or 1 ng/mL with the signs of DNA damage
detected by DAPI staining were 45.7% and 12.7%,
respectively (P = 0.03). A higher concentration of H.
pylori LPS (25 ng/mL) caused longer DNA smears,
whereas a lower concentration (1 ng/mL) resulted
in the formation of shorter comet tails, 78.7% (P =
0.000001) and 6.4% (P = 0.0001), respectively (Figure
6B). DNA damage was also detected in cell cultures
treated with H. pylori LPS (25 ng/mL) and CagA
(23.7%, P = 0.03) or H. pylori LPS (25 ng/mL) and
other H. pylori compounds: CagA, UreA and GE (14%,
P = 0.03). However, cellular DNA damage induced by
a combination of H. pylori antigens was lower than in
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the cells treated with H. pylori LPS (25 ng/mL) alone
(45.7%, P = 0.03). All these results are in accordance
with the results obtained in a comet assay (Figure 6B).
By comparison, in cell cultures treated with standard
E. coli LPS at 25 ng/mL DNA damage was detected
in 24% fibroblasts (P = 0.03) and the percentage of
DNA in the tail was 72.4%, P < 0.05 (Figure 6B). E.
coli LPS at 1 ng/mL did not induce any significant DNA
damage.
In order to clarify whether the reduction of cells
viability, and the inhibition of cell migration are related
to apoptosis or necrosis, FACS analysis was performed.
The results are presented in Figure 7A and B for AGS
cells and fibroblasts, respectively. AGS cells were
cultured with or without H. pylori LPS (25 ng/mL) or
H. pylori LPS in combination with CagA for 24 h and
subjected to flow cytometry analysis after staining
with Ann-V-FITC and PI. As shown in Figure 7A, 91%
of uninfected AGS cells were viable (Ann-V PI ), 3%
+
were early apoptotic, 4% were late apoptotic (Ann-V
+
PI ) and 2% were necrotic (Ann-V PI ). In cell cultures
of AGS treated with H. pylori LPS alone at 25 ng/mL
an increase in the percentage of cells undergoing
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Figure 6 Genotoxic properties of Helicobacter pylori antigens assessed by 4’,6-diamidino-2-phenylindole staining and a comet assay. The influence of
Helicobacter pylori or E. coli antigens on DNA stability was estimated in AGS cells (A) and fibroblasts (B) 24 h after the challenge. A 4’,6-diamidino-2-phenylindole (DAPI)
staining assay was used to visualize DNA changes in cell nuclei and a comet assay was applied to confirm DNA damage by the measurement of the percentage
of DNA in the comet tail. Mean values were replicated of 50 comets each. The values are the means ± SD. aP < 0.05 vs untreated cells. (i) the graphs indicate the
percentage of cells with DAPI stained nuclei (blue bars) and the percentage of nuclei with DNA in the comet tail (grey bars); and (ii) visualization of morphological
changes in the cell nuclei after the treatment with bacterial antigens followed by DAPI staining and a comet assay. Imaging was performed using a fluorescent
microscope (Axio Scope A1, Zeiss, Germany). The arrows indicate the damaged cell nuclei (magnification, × 1000). DNA tails were measured using the CASP
software (latest beta version 1.2.3.beta2). Representative results of the comet assay were selected (magnification, × 400).
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Figure 7 Type of cell death in response to Helicobacter pylori antigens. Effects of bacterial antigens on AGS cells (A) and fibroblasts (B) concerning cell death
were measured 24 h after the challenge by double staining of the cells with isothiocyanate fluorescein (FITC)-conjugated annexin V and propidium iodide (PI) using
flow cytometry. Quadrants were designed as follows, Q4: Ann-V-/PI- - viable cells; Q3: Ann-V+/PI- - cells with the signs of early apoptosis; Q2: Ann-V+/PI+ - cells with
the signs of late apoptosis; Q1: Ann-V-/PI+ - necrotic cells. All dot plots are a representation of equal cell populations (the fluorescence of 10000 cells was gated and
counted using the FlowJo software). The data represent the average values of six independent experiments. Statistically significant differences are indicated as P < 0.05
vs untreated cells.
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Figure 8 Helicobacter pylori lipopolysaccharide-driven inhibition of signal transducer and activator of transcription 3 phosphorylation and epidermal
growth factor production. A: The impact of Helicobacter pylori or E. coli lipopolysaccharide (LPS) on the secretion of epidermal growth factor (EGF) by AGS cells; B:
the percentage of phospho-signal transducer and activator of transcription 3 (phosphoSTAT3) in AGS cells measured by cell-based ELISA. Cells treated with EGF (0.125
ng/mL) were used as a positive control. The cut-off value was related to the response of untreated cells. The data represent the average values of four independent
experiments. Statistically significant differences are indicated as aP < 0.05 vs untreated cells.

necrosis was observed for 9% of all cells as compared
to untreated cells, P = 0.04. However, there were no
significant differences between the percentages of early
and late apoptotic cells. When the cells were treated
with the combination of H. pylori LPS (25 ng/mL) and
CagA, an increased number of early apoptotic cells
was detected (6%). In comparison to untreated cells
with signs of early apoptosis (3%) this difference was
of low significance P = 0.05.
As shown in Figure 7B, 89% untreated fibroblasts
were viable (Ann-V PI ), 5% were late apoptotic
and 3% were necrotic. Nevertheless, 8% fibroblasts
showed the signs of late apoptosis (P = 0.03) after a
treatment with H. pylori LPS at 1 ng/mL. In the cell
cultures incubated in the milieu of H. pylori LPS at 25
ng/mL, only 75% fibroblasts were viable, while 19%
underwent necrosis (P = 0.04). In the presence of
standard E. coli LPS at 25 ng/mL, 8% of fibroblasts
underwent necrosis (P = 0.04). Challenging the cells
with H. pylori LPS (25 ng/mL) in combination with
CagA or CagA, UreA and GE resulted in a decreased
percentage of necrotic fibroblasts (15%, P = 0.04 and
8%, P = 0.03, respectively).

relation to the concentration of phosphorylated STAT3.
For this purpose we used supernatants obtained
from AGS cell cultures untreated or stimulated with
bacterial antigens. Only, in response to H. pylori LPS
at 25 ng/mL, the concentration of EGF was decreased
as compared to untreated cells (P = 0.03; Figure 8A).
The decrease in EGF secretion was correlated with a
reduced amount of phospho-STAT3 (P = 0.02; Figure
8B). Other bacterial antigens did not cause a decrease
in the concentration of EGF and phospho-STAT3 (data
not shown).

DISCUSSION
H. pylori colonization of the gastric tissue promotes
excessive inflammation, which exerts harmful effects
on the gastric mucosa. However, precise mechanisms
of tissue destruction are not well understood. H. pylori
produce many virulence factors responsible for cell
damage, which facilitate the survival of these pathogens
on the surface of gastric mucosa and evasion of the
[74-77]
immune response of the host
. In this study, we
used human gastric epithelial AGS cells and guinea
pig fibroblasts as an in vitro model for the assessment
of the effects of interactions between H. pylori and
the gastric epithelial barrier, which might also take
place in vivo. Gastric epithelial cells constitute the first
protective barrier responsible for the maintenance of
local homeostasis. Fibroblasts were chosen for several
reasons: in vivo they are present in the sub-epithelial
mucosa and can be targeted by H. pylori compounds
leaking through epithelial lesions or transferred there
[78]
through the epithelium . Fibroblasts are involved
in the wound healing and participate in many im
munological processes including direct response to pro[79,80]
inflammatory cytokines
. In order to restore gastric
epithelial homeostasis, gastric tissue ulceration initiated

H. pylori LPS induces a decrease in EGF secretion and
phosphorylated Y(705)STAT3 concentration in gastric
epithelial cells

The Janus kinase (JAK)/STAT3 pathway is one of
the major signal transduction pathways. STAT3 is
activated through phosphorylation in response to
various cytokine and growth factors including EGF.
STAT3 mediates the expression of a variety of genes
in response to cell stimuli, and thus plays a key role
in many cellular processes such as cell growth and
apoptosis. In order to specify the mechanism of H.
pylori LPS induced inhibition of wound healing, we
examined the ability of the cells to secrete EGF in
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via H. pylori - host cell interaction should be followed
by a healing process. In this study, we monitored the
influence of H. pylori antigens on the healing process
by the assessment of the wound repair using a scratch
assay mimicking an ulcer lesion. The ability of the
cells to heal an injury was monitored in relation to
cell viability, proliferating activity and the cell cycle as
well as genotoxicity of bacterial compounds used for
the cell challenge: H. pylori GE, which is a complex of
surface antigens, UreA urease subunit, CagA protein
and LPS. All of these components are present in the
environment inhabited by H. pylori. In this study, we
have shown that H. pylori antigens may differ in their
effects towards epithelial cells as well as fibroblasts
and that both cell types differ in their susceptibility to
various H. pylori antigens. Epithelial AGS cells after the
challenge with GE, UreA and CagA were able to repair
the wound, which was associated with an increased
number of viable cells and intensified cell proliferation
while in fibroblast cultures these parameters were
elevated after the challenge with GE and CagA but not
with UreA. Increased cell migration and proliferation
are necessary to heal tissue damage. It has been
suggested that a possible molecular mechanism of
wound healing during H. pylori infection could be
related to H. pylori-derived RpL1 aa 2-20 peptide
(Hp 2-20), which by interacting with formyl peptide
receptors induces cell migration and proliferation,
as well as the expression of the vascular endothelial
growth factor, thereby promoting gastric mucosal
[81]
[82]
healing . However, Pousa et al
have suggested
that early angiogenesis required for the repair process
during H. pylori infections is inhibited probably due to
the anti-proliferating properties of the bacteria.
While increased proliferation is essential for gastric
tissue healing, an uncontrolled proliferative activity
can promote the accumulation of harmful mutations
[83]
and cancerogenesis . The mechanism preventing
these processes is apoptosis. In our study, increased
proliferation of AGS cells in response to CagA, UreA
and GE as well as enhanced proliferation of fibroblasts
after the challenge with GE were not accompanied by a
parallel increase in cell apoptosis. Several studies have
+
shown that cagA strains have a greater carcinogenic
[30]
potential than cagA strains . Increased cellular
proliferation in response to H. pylori infection, especially
with cagA+ strains, has been confirmed in vivo both in
[84,85]
humans and laboratory animals
. It has been shown
that the functional cag secretion system is required
for the induction of phosphatidylinositol 3-kinase, an
integral component of a signal transduction pathway,
which leads to an increase in the cell proliferation and
[86,87]
inhibition of apoptosis
. However, in this study we
observed increased epithelial cell proliferation also
in response to soluble CagA, which in vivo might be
present in the inflammatory milieu and translocated
to cytosol by phagocytosis or endocytosis. Also,
interaction via surface receptors cannot be excluded.
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It is worth mentioning that, while CagA enhances
proliferation of epithelial cells, it inhibits the division
of peripheral blood H. pylori-reactive T lymphocytes
possibly allowing these bacteria to survive in the
[31]
host . In vivo, enhanced gastric mucosal proliferation
and the low apoptosis rate were positively correlated
with the severity of acute gastritis, which means that
hyperproliferation not balanced by cell death might
[30]
contribute to neoplasia . The relation between
increased expression of the cellular proliferation marker
Ki-67 (also known as MKI67) in gastric tissue sections
and severity of inflammatory response has been shown
[85]
in H. pylori-infected guinea pigs .
Recently, it has been indicated that not only
CagA but also other H. pylori compounds such as
adhesin BabA and JHP0290 protein, may contribute
to H. pylori-associated diseases by promoting gastric
epithelial cell proliferation and increased resistance to
[88,89]
apoptosis
. In our study elevated gastric epithelial
cell expansion was observed after exposure to H.
pylori GE, UreA and a low dose of H. pylori LPS.
Moreover, H. pylori GE increased also proliferation of
fibroblasts. It may lead to either tissue regeneration
or neoplasia. In our study, H. pylori LPS used at a low
concentration (1 ng/mL) accelerated wound repair,
which was associated with significantly enhanced cell
proliferation and MTT reduction, whereas H. pylori
LPS at a high concentration (25 ng/mL), inhibited
the wound repair process. Also another study
revealed that H. pylori LPS (1 µg/mL) accelerated
the proliferation rate of gastric epithelial cells via
TLR2, and a MEK-1/2-ERK-1/2 (mitogen-activated
protein (MAP) kinase activating extracellular-signal[90]
regulated kinases) MAP kinase cascade . Similar
dose-dependent effects were found for Pseudomonas
aeruginosa LPS in a model of pulmonary epithelial cell
[91]
damage . AGS cell response to the low concentration
of H. pylori LPS observed in our study suggests that
gastric epithelium is able to react to deleterious
signals by the activation of host defence mechanisms.
However, this barrier was destabilised after exposure
to a high dose of H. pylori LPS. In this case, during
natural infection, the in vivo effects of H. pylori on
the gastric barrier may depend on the type and local
concentration of bacterial compounds. It is worth
mentioning that the colonization of H. pylori is not
homogenous, but is stratified by a gastric site and
acuteness of inflammation. This allows increasing the
concentrations of the individual on-site components.
Interestingly, E. coli LPS used at a concentration of 25
ng/mL did not affect the process of wound repair in
the AGS cell monolayer. This could be due to the lack
of MD2 protein in these cells, which is involved in the
[92]
recognition of E. coli LPS . Therefore, the migration
of AGS cells may not be inhibited in response to this
type of LPS. Different effect of H. pylori LPS could
be due to its engagement in the signaling pathway
mainly with the participation of TLR2 but not TLR4
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[90]

[3,99,100]

host cell receptors . Various activities of H. pylori
LPS and E. coli LPS may be the result of their different
x
y
chemical structures. H. pylori LPS contains Le and Le
determinants, which make the bacteria less visible to
the immune cells and therefore it might exert different
[43,50,93]
effects on the level of gastric epithelial cells
.
In the case of fibroblasts, which in the natural
environment constitute the deeper layers of the
gastric mucosa, H. pylori LPS impaired wound healing
regardless of its concentration. Even an addition to the
cell culture of other H. pylori antigens (UreA, GE, CagA),
which alone intensified the migration of fibroblasts
and wound healing, did not result in neutralizing the
inhibitory effect of H. pylori LPS at a high concentration.
The motility and viability of fibroblasts were also
inhibited after the challenge of the cells with E. coli LPS
used at the concentration of 25 ng/mL, indicating that
generally fibroblasts are more susceptible to various
bacterial LPS than AGS epithelial cells and that similar
cell signaling pathways can be involved in the response
to different types of LPS. In vivo, such deep disruption
of the epithelial barrier by H. pylori components and
inflammatory mediators may facilitate damage to
lamina propria, and promote the development of both
local and systemic inflammatory response. H. pylori
antigens penetrating across the gastric epithelium, can
be processed in lamina propria by macrophages via PRR
[8,19,20]
and presented to T lymphocytes
. However, it has
been shown that H. pylori LPS is able to downregulate
the lymphocyte blastogenic response, probably due
to the interference with the process of macrophage
[46-48,94]
maturation
. It also downregulates the phagocytic
[44]
potential of macrophages and decreases the cytotoxic
[45,68]
activity of NK cells
. In the gastric epithelium,
colonized by pathogenic microorganisms, including H.
pylori, probably IL-33 acting as an alarming molecule
can induce the signalling beneficial for tissue recovery
due to a short-term increase in endothelial permeability.
However, under some circumstances it may cause the
aggravation of inflammation and tissue dysfunction
by attracting Th2 lymphocytes, promotion of cell
[95]
apoptosis and maintenance of tissue dysfunction . In
vivo, during H. pylori infection different environmental
conditions (e.g., stress, nutrients, pH), time of the cell
exposure to bacterial antigens and their concentration
may also determine the fate of different cell types.
Other inflammatory mediators such as matrix
metalloproteinases by suppression of apoptosis and
preservation of the cells with damaged DNA may
influence the rate of epithelial cell growth or cell
[96-98]
loss
.
We have shown that CagA, UreA, GE and H. pylori
LPS at low concentration increased the proliferative
activity of AGS cells, which was not accompanied by a
parallel increase in cell apoptosis. Cell viability was not
altered by these H. pylori antigens. In vivo loss of the
cell integrity could be attributed to other mechanisms
such as a breakdown of tight junctions in H. pylori
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infection
. Furthermore, high-temperature
requirement A (HtrA) protease secreted by H. pylori as
well as inflammatory factors induced by H. pylori such
as interferon gamma and tumour necrosis factor alpha
(TNF-α) might favour bacterial attachment to epithelial
[101-104]
cells
. In vivo, recruitment of mesenchymal stem
cells (MSC) in response to TNF-α secreted by H. pylori
colonized epithelial cells is necessary to balance H.
pylori-related apoptosis. However, MSC fusion with
epithelial cells may render them more susceptible to
[105]
neoplastic transformation .
We have demonstrated that H. pylori LPS at
high concentration reduced viability of both AGS
cells and fibroblasts, which was associated with the
accumulation of AGS cells in the S and fibroblasts
in the G2 cell cycle phase, and with an increased
frequency of cell death. These data provide strong
evidence for the cell cycle arrest in response to H.
pylori LPS and, for the inhibition of the cell growth.
However, the suppressed cell proliferation could also
be attributed to the cell death apart from to the cell
cycle arrest. These effects were not observed when
AGS cells were treated with E. coli LPS at a high dose,
which is consistent with the observations made by
[106]
Peek et al
. In our study, H. pylori LPS at a high
dose inhibited the AGS cell cycle in the S phase even
in a combination with CagA, which promoted cell
proliferation. In the case of fibroblasts, H. pylori LPS or
E. coli LPS at the high concentration arrested the cell
cycle in the G2 phase, whereas a low dose of H. pylori
LPS inhibited the cell cycle progression in the S phase.
In other studies, the H. pylori-induced cell cycle arrest
of gastric epithelial cells as well as fibroblasts in the
[107-111]
G1 phase was reported
. It has been shown that
also H. pylori L-asparaginase inhibited the cell cycle
of gastric epithelial cells and fibroblasts and recurrent
[109]
infections might influence the cell cycle
. It means
that cellular effects are antigen-, dose- and cell typedependent.
In general, cells are arrested in the S phase
due to the depletion of the substrates required
for DNA synthesis, whereas the entry to mitosis
is blocked by the G2 checkpoint mechanism when
[112]
DNA is damaged
. In our study, we used AGS
cells and fibroblasts that were not serum starved
(unsynchronized cells) in order to mimic events that
occur in the naive gastric mucosa. However, treatment
of these cells with H. pylori LPS at a high concentration
resulted in nuclear morphology changes in both cell
types, which were visualised by DAPI staining and a
comet assay. It confirmed the genotoxic properties of H.
pylori LPS used at a higher concentration.
The results obtained in this study and data of other
authors indicate that H. pylori may initiate damage to
gastric epithelium directly through its components such
[100,113-115]
as urease, VacA and LPS
. Several mechanisms
can drive epithelial cell damage after the challenge with
H. pylori LPS. It can be due to direct cytotoxic effect
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associated with lipid A binding via TLR4/TLR2. Handa et
[116]
al
have shown that H. pylori LPS increased NADPH
oxidase (NOX; nicotinamide adenine dinucleotide
phosphate oxidase) and TLR4 expression on gastric
epithelial cells leading to elevation of deleterious oxidase
xy
stress. In this study we used an Le positive H. pylori
strain. Despite TLR4/TLR2 surface receptor binding,
such variants can interact with surface lectins via Le
[52]
carbohydrate moieties . It has been shown that Le
positive H. pylori variants can bind DC-SIGN C-type
lectin, which in vivo is present on gastric dendritic
[41,50]
cells
.
H. pylori may affect gastric homeostasis also
indirectly by the interaction with the angiogenesis
process and over-expression of inflammatory res
ponse. It has been shown that early angiogenesis,
[117]
which is necessary for epithelial reconstruction
,
is inhibited during H. pylori infection probably due
to anti-proliferative and pro-apoptotic activity of the
[82,100,113]
bacteria
. H. pylori LPS, when transferred into
the sub-epithelial space, can hinder polymorphonuclear
[31,118,119]
leukocyte (PMNL) apoptosis
. In order to prevent
PMNL apoptosis and increase the cell survival, epithelial
cells secrete pro-inflammatory cytokines such as IL-8
and the granulocyte macrophage colony stimulating
factor. However, it is followed by an enhanced epithelial
injury due to the excess of proteinases and oxidative
stress compounds, which are tolerated by H. pylori
[77]
equipped with neutralizing enzymes .
An important aspect of wound repair is the abi
lity of cells to respond to EGF which promotes cell
[120]
migration and wound healing
. It has been shown
that treatment of AGS cells with non-phosphorylated
CagA protein leads to the activation of the JAK/STAT3
signalling pathway. By comparison, phosphorylated
CagA has been observed to alter cell morphology,
polarity, growth and activation of β-catenin, which
[86,121]
is implicated in cancerogenesis
. In order to
determine whether H. pylori LPS-driven inhibition
of AGS cell proliferation observed in our study was
associated with alternation in EGF concentration we
evaluated quantitatively both EGF and phosphoSTAT3. A high dose of H. pylori LPS has been shown
to decrease the amount of EGF and phospho-STAT3
in the epithelial cell cultures. This observation might
explain the mechanism of H. pylori LPS-mediated
disturbance in wound healing process.

antigens capable of stimulating cell proliferation such
as UreA, CagA or surface antigens (GE) can lead to the
epithelial renewal, although their excessive activity may
pose an increased risk of developing cancer. In contrast,
domination of antigens such as LPS with cytotoxic
and anti-proliferative activity towards mucosal cells
may promote chronic inflammation, and, in the case
of immune cells, inhibition of antibacterial response,
resulting in the maintenance of H. pylori infection.
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Abstract

Institutional animal care and use committee statement:
All procedures in experiments were conducted according to the
Animal Care Guidelines of the National Institutes of Health and
Korean Academy of Medical Sciences.

AIM
To determine adiponectin expression in colonic tissue
of murine colitis and systemic cytokine expression after
melatonin treatments and sleep deprivation.
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METHODS
The following five groups of C57BL/6 mice were used in
this study: (1) group Ⅰ, control; (2) group Ⅱ, 2% DSS
induced colitis for 7 d; (3) group Ⅲ, 2% DSS induced
colitis and melatonin treatment; (4) group Ⅳ, 2%
DSS induced colitis with sleep deprivation (SD) using
specially designed and modified multiple platform water
baths; and (5) group V, 2% DSS induced colitis with
SD and melatonin treatment. Melatonin (10 mg/kg) or
saline was intraperitoneally injected daily to mice for 4
d. The body weight was monitored daily. The degree
of colitis was evaluated histologically after sacrificing
the mice. Immunohistochemical staining and Western
blot analysis was performed using anti-adiponectin
antibody. After sampling by intracardiac punctures,
levels of serum cytokines were measured by ELISA.

HJ, Choi JW, Chung SH, Gye MC, Lim JY, Kim JB, Kim
SH. Melatonin modulates adiponectin expression on murine
colitis with sleep deprivation. World J Gastroenterol 2016;
22(33): 7559-7568 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i33/7559.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i33.7559

INTRODUCTION
Inflammatory bowel disease (IBD) is caused by
[1]
multiple genetic, environmental, and host factors .
Environmental factors such as stress and sleep
disturbance can affect the progression and relapse of
[2,3]
patients with IBD . Stress frequently influences sleep
quality. IBD patients have significant sleep disturbance
even during inactive state. Sleep disturbance might
affect the quality of life and gastrointestinal symptoms.
[4]
In addition, it can increase the risk of flare-up of IBD .
Inflammatory cytokines such as tumor necrosis factor,
interleukin-1 (IL-1), and IL-6 are known as significant
contributors to sleep disturbances. On the other hand,
sleep disturbances can upregulate these inflammatory
[5]
cytokines .
Melatonin is secreted by pineal gland. It functions as
[6]
a regulator of circadian rhythms and an antioxidant .
Melatonin levels in the gut are independent of pineal
production. Pinealectomy has no influence on gut
[7]
melatonin concentrations in rats . At any time of the
day or night, the gut contains at least 400 times more
melatonin than that of the pineal gland, emphasizing
[8]
the functional importance of melatonin in the gut .
The melatonin in GI tract has anti-inflammatory
effect in experimental models of colitis in many
[9-13]
previous reports
. Our previous study also shows
that mRNA level of adiponectin is down regulated
by sleep deprivation but up-regulated by melatonin
based on microarrays and real-time PCR analysis
[14]
of mice colon tissues . Currently, the relationship
between melatonin and adiponectin on colitis with
sleep deprivation remains unknown. It is meaningful
to evaluate the level of adiponectin expressed in colon
tissue of mice by immunohistochemical staining and
western blotting to understand the pathogenesis of
inflammatory bowel disease. Therefore, the objective
of this study was to investigate tissue expression
of adiponectin in colitis with sleep deprivation and
melatonin injection. The expression levels of cytokines
in mouse during sleep deprivation with melatonin
injection were also analyzed in this study.

RESULTS
Sleep deprivation in water bath exacerbated DSS
induced colitis and worsened weight loss. Melatonin
injection not only alleviated the severity of mucosal
injury, but also helped survival during stressful
condition. The expression level of adiponectin in
mucosa was decreased in colitis, with the lowest level
observed in colitis combined with sleep deprivation.
Melatonin injection significantly (P < 0.05) recovered
the expression of adiponectin. The expression levels
of IL-6 and IL-17 were increased in the serum of mice
with DSS colitis but decreased after melatonin injection.
CONCLUSION
This study suggested that melatonin modulated
adiponectin expression in colonic tissue and melatonin
and adiponectin synergistically potentiated antiinflammatory effects on colitis with sleep deprivation.
Key words: Colitis; Melatonin; Adiponectin; Sleep
deprivation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report this first study that melatonin and
sleep deprivation are related to adiponectin expression
in the colonic mucosa of murine colitis. C57BL/6
mice were feeding with 2% DSS for inducing colitis
and using specially designed multiple platform water
baths for sleep deprivation. Immuno-histochemical
staining and Western blot analysis was performed
using anti-adiponectin antibody. The expression level
of adiponectin in mucosa was decreased in colitis, with
the lowest level observed in colitis combined with sleep
deprivation. Melatonin injection significantly (P < 0.05)
recovered the expression of adiponectin. This study
suggests that melatonin and adiponectin synergistically
potentiate the anti-inflammatory effects in murine
colitis.

MATERIALS AND METHODS
Animals

A total of 30 eight-week-old C57BL male mice with
body weight of 20-25 g were purchased from Samtako
Inc. (Gyunggido, Korea). They were randomly assigned
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water bath specifically designed for sleep deprivation.
In a water tank, 4 platforms and 2 mice were placed.
Every mouse in the water bath could move from one
platform to another by jumping. The water bath was
filled with water for 4 cm from the base (enough to
drown). When mice started to sleep, muscle atonia led
mice to fall down into the water, waking up the mice.
They would try to climb up the platform to avoid being
drowned. Through all experiments, water was changed
every day to clean water. Partial sleep deprivation of
mice began from 2 PM to 10 AM (20 h) for 4 d. Mice
had 4 h of sleep daily from 10 AM to 2 PM during the 4 d.
After finishing the 4 d of partial sleep deprivation, mice
were sacrificed for analysis.
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Administration of melatonin: After induction of
colitis with 2% DSS, melatonin was administered
to mice intraperitoneally at a dose of 10 mg/kg
for 4 d. Normal saline was administered to mice
intraperitoneally as control.

Group Ⅴ
(DSS + SD + M)

Assessment of the severity of colitis: The severity
of colitis was assessed by measuring weight loss
and histological analysis. Colon tissues were fixed
with 10% formaldehyde solution. Fixed tissues were
dehydrated with alcohol and embedded with paraffin.
Tissues were sliced into 4-μm thick sections. These
sections were stained with hematoxylin and eosin
to evaluate inflammatory change. The severity of
inflammation in colon was determined, including loss
of mucosal structure (score 0-3), crypt abscess (score
0-1), thickened muscle (score 0-3), cellular infiltration
(score 0-3), and depletion of goblet cell (score 0-1).
The final score for the severity of inflammation ranged
[15]
from 0 to 11 .

Figure 1 Experimental procedure. Experimental colitis of mice was induced
by feeding mice with 2% DSS in group Ⅱ. Melatonin was administered to mice
for 4 d with 2% DSS in group Ⅲ. Sleep deprivation was induced partially with
2% DSS in group Ⅳ. 2% DSS with partial sleep deprivation and melatonin was
administered to mice in group Ⅴ. M: Melatonin; SD: Sleep deprivation.

to the following five groups (6 mice per group): (1)
Group Ⅰ, control; (2) Group Ⅱ, 2% Dextrose Sodium
Sulfate(DSS) induced colitis for 7 d; (3) Group Ⅲ,
2% DSS induced colitis and melatonin treatment;
(4) Group Ⅳ , 2% DSS induced colitis with sleep
deprivation (SD) (20 h wakening/d) using specially
designed and modified multiple platform water baths;
and (5) Group V, 2% DSS induced colitis with SD
and melatonin (Figure 1). Temperature of 22-24 ℃
and humidity of 55%-60% were maintained with a
12-h light/dark cycle (lights on at 08:00). During the
experiment period, mice had free access to food and
water. Their body weights were measured daily. All
procedures in experiments were conducted according
to the Animal Care Guidelines of the National Institutes
of Health and Korean Academy of Medical Sciences.
The Institutional Review Board of Eulji Hospital at Eulji
University College of Medicine approved the study
protocol (Approval number: EUIACUC12-11).

Immunohistochemical staining of adiponectin:
Immunohistochemistry procedures were carried out
using DAKO Autostainer plus (DAKO Cytomation,
Carpinteria, CA, United States). Briefly, 4-μm sections
of formalin-fixed and paraffin-embedded tissues
were positioned onto poly-L-lysine slides. After
deparaffinization and rehydration, antigen retrieval
was performed using citrate buffer solution (pH
6.0) at 121 ℃ for 10 min. Endogenous peroxidase
was blocked with 3% hydrogen peroxide for 5 min.
The sections were then incubated with specific
antibodies against Adiponectin (Abcam, Cambridge,
United Kingdom, 1:500). Slides were then stained
with 3,3′-diaminobenzidine and counterstained with
hematoxylin. Immunoreactivity was determined based
on the percentage of stained cells: 1 + for less than
10%, 2 + for 10%-50%, and 3 + for over 50%.

Experimental procedures

2% DSS induced colitis model: For 7 d, mice were
fed with 2% DSS (Sigma-Aldrich, Inc., United States)
solution to induce colitis.
rd

Quantification of adiponectin by western blot
analysis: Tissues were homogenized in 10 volumes
of extraction buffer (20 mmol/L Tris-HCl, pH 7.5,
1% Triton X-100) containing protease inhibitor
TM
cocktail (Complete , Roche, Germany) on ice.

Partial sleep deprivation: On the 3 day, all mice
were moved to water bath. Water bath had either
wide platforms for normal sleep or narrow platforms
for sleep deprivation. Partial sleep deprivation of mice
was achieved by using a modified multiple platform
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Figure 2 Changes in body weight of each group. Group Ⅰ: control, Group
Ⅱ: 2% DSS induced colitis, Group Ⅲ: 2% DSS induced colitis with melatonin
treatment, Group Ⅳ: 2% DSS induced colitis with sleep deprivation, Group Ⅴ:
2% DSS induced colitis with sleep deprivation and melatonin treatment). Data
were presented as mean ± SD. M: Melatonin; SD: Sleep deprivation.

Figure 3 Survival rate of each group. Group Ⅰ: control, Group Ⅱ: 2% DSS
induced colitis, Group Ⅲ: 2 % DSS induced colitis with melatonin treatment,
Group Ⅳ: 2 % DSS induced colitis with sleep deprivation, Group Ⅴ: 2% DSS
induced colitis with sleep deprivation and melatonin treatment). M: Melatonin;
SD: Sleep deprivation.

Homogenates were centrifuged at 12000g for 1 h at
4 ℃. The supernatant was collected and its protein
concentration was determined using a commercial
protein assay kit (Bio-Rad, CA). Protein samples
were mixed with 2X sample buffer (Laemmli, 1970),
boiled for 5 min, and cooled at room temperature.
After briefly spinning, clear supernatants were
resolved on 8% SDS-polyacrylamide gels. Proteins
were electrophoretically transferred to nitrocellulose
membranes (GE Healthcare, United Kingdom) and
blocked with Tris-buffered saline (TBS) containing
1% bovine serum albumin overnight at 4 ℃. After
rinsing three times with TBS/0.1% Tween 20 (TBST)
for 10 min each, protein blots were incubated with
rabbit anti-adiponectin polyclonal antibody (ab62551,
abcam, United Kingdom) diluted 1:1000 in TBS for 2
h at room temperature. After rinsing with TBST three
times for 10 min each, the blots were incubated with
peroxidase-labeled goat anti-rabbit IgG (Invitrogen,
OR, United States) diluted 1:1000 in TBST for 1 h. The
blots were washed with TBST for 10 min followed by
washing with TBS for 10 min. Signals of protein bands
were detected using an ECL kit (GE Healthcare).

One way analysis of variance (ANOVA) was used to
calculate the statistical significance. Significance was
considered when P value was less than 0.05.

RESULTS
Effect of sleep deprivation and melatonin treatment on
body weight and survival
rd

On the 3 d, mice were moved to water bath. From
that time, the body weight of all mice started to
decrease due to stressful water bath condition. The
body weight of 2% DSS induced colitis group was
significantly (P = 0.005) lower than that of the control
group (Figure 2). Sleep deprivation induced severe
weight loss. Half of mice were dead during sleep
deprivation (Figure 3). Melatonin failed to significantly
recover the weight loss, but it could help all mice
survive during sleep deprivation.

Effect of sleep deprivation with melatonin treatment on
colonic inflammation

In histological analysis, the colon of 2% DSS
induced colitis mice showed edema and infiltration
of inflammatory cells into the mucosa compared
to that of the control group. Melatonin treatment
reduced inflammation in the colon of 2% DSS
induced colitis in group Ⅲ. The number of infiltrating
cells and mucosal injury such as ulcer or necrosis
were increased by sleep deprivation in the colon of
2% DSS induced colitis mice. Melatonin treatment
also diminished the inflammation and erosion in
the colon of 2% DSS induced colitis mice with sleep
deprivation. The microscopic inflammatory score of
the colitis group (Group Ⅱ) was 6.5 ± 0.6. It was
significantly (P = 0.003) decreased to 4.4 ± 0.8 by
melatonin treatment (Group Ⅲ). However, it was
significantly (P = 0.018) increased to 8.5 ± 0.5 by
sleep deprivation (Group Ⅳ). The histologic score of
8.5 ± 0.5 of 2%DSS induced colitis mice with sleep

Measurement of serum cytokines: Blood were
collected by intracardiac sampling from the expe
rimental mice just before sacrificing. Serum was
prepared to measure cytokine levels. Levels of IL-17
(Ray Bio ELISA Kit Mouse IL-17; RayBiotech, Norcross,
GA, United States), IL-6 (Ray Bio ELISA Kit Mouse
IL-6; RayBiotech), and TNF-α (Ray Bio ELISA KitMouse
TNF-alpha; RayBiotech) were evaluated using com
mercially available kits following the manufacturer’s
instructions.

Statistical analysis

All data were represented as mean ± SD. Statistical
Package for Social Sciences software (SPSS; Korean
version 18.0) was used for all statistical analyses.
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Figure 4 Immunohistochemical staining of adiponectin (A: × 100, B-E: × 200). A: control; B: DSS: 2% DSS induced colitis; C: DSS + M: 2% DSS induced
colitis with melatonin treatment; D: DSS + SD: 2% DSS induced colitis with sleep deprivation; E: DSS + SD + M: 2% DSS induced colitis with sleep deprivation and
melatonin treatment.

deprivation (group Ⅳ) was decreased (P = 0.067) by
melatonin treatment (group V, score of 7.0 ± 1.0).
Changes of inflammatory score in all groups were
statistically significant (P < 0.01).
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Immunohistochemical staining of adiponectin
expression by melatonin treatment
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Adiponectin expression in colonic mucosa was deter
mined by immunohistochemical staining (Figure 4).
Colitis mice and colitis mice with sleep deprivation
showed decreased adiponectin immunoreactivity
compared to mice of the control group. In melatonin
injection group, mice showed significant recovery in
adiponectin immunoreactivity (Figure 5).
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Western blotting of adiponectin expression after
melatonin treatment

Figure 5 Adiponectin immunoreactivity based on immunohistochemical
staining. Melatonin injection significantly recovered adiponectin expression, aP
< 0.05 vs control. M: Melatonin; SD: Sleep deprivation.
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Table 1 Effect of melatonin and sleep deprivation on inflammatory change of 2% DSS induced colitis mice based on histology
Control

DSS

DSS+M

DSS+SD

DSS+SD+M

P value

0±0

6.5 ± 0.6

4.4 ± 0.8

8.5 ± 0.5

7.2 ± 1.0

< 0.01

Microscopic scores
M: Melatonin; SD: Sleep deprivation.

Control

DSS

lower in colitis. However, it had a tendency of increase
after melatonin injection, indicating that melatonin
treatment might have systemic anti-inflammatory
properties.

DSS + M DSS + SD DSS + SD + M
Adiponectin (32 kDa)
GAPDH (37 kDa)

DISCUSSION

a
1.0

Melatonin plays various important roles in the GI
tract. As a physiological antagonist to serotonin, it
decreases peristalsis and stimulates the secretion of
mucosal bicarbonate mediated by MT2 receptor. An
important receptor independent action of melatonin in
the GI tract is that it is a free radical scavenger. The
preventive role of melatonin against ulcer formation
[16]
for healing has been well established . Previous
studies have suggested that melatonin administration
is beneficial for IBD via its antioxidant, anti-apoptotic,
and anti-inflammatory properties.
In this study, pathologic examination showed that
melatonin could attenuate inflammation and decrease
the severity of inflammation under sleep deprivation
(Table 1). During our experiment, moving to water
bath was stressful to mouse. Control mice also lost
weight in the water bath. The sleep deprivation
group showed aggravated weight loss and half of this
group could not survive until the end of experiments.
However, melatonin injection could help the survival of
mice under sleep deprivation.
In our previous study, we found the genetic ex
pression of adiponectin after melatonin injection with
[14]
sleep deprivation using microarray and PCR . Here,
we tried to confirm the tissue expression of adiponectin
after melatonin injection through immunohistochemical
staining (Figure 4) and Western blotting (Figure
6). Our results showed that adiponectin expression
was decreased in both colitis and colitis with sleep
deprivation condition. However, melatonin injection
significantly recovered the adiponectin expression in
colon tissues, in consistent with genetic change that
we found earlier.
Adiponectin is mainly expressed by mature adi
pocytes. It circulates at high levels in the blood
[17]
stream . There are some reports about the antiinflammatory effect of adiponectin. Adiponectin could
inhibit the expression of NF-kB, TNF-α, IL-6, and IL1b but induce the expression of anti-inflammatory
[18]
cytokines such as IL-10 and IL-1 receptor antagonists .
Adiponectin can also induce the production of IL-10 and
IL-1Ra in human PBMC, macrophages, and DC while
[19-21]
impairing the production of IFNγ in macrophages
.
Overexpressed adiponectin in mice can decrease

Adiponectin/GAPDH

0.8
0.6
0.4
0.2

M
+
DS

S

DS

S

SD

+

+

SD

M
S

+

S
DS

DS

Co

nt

ro

l

0.0

Figure 6 Western blot analysis of adiponectin. The expression of adipo
nectin was reduced in DSS colitis and DSS colitis with sleep deprivation.
Melatonin injection significantly recovered adiponectin expression, aP < 0.05 vs
control. M: Melatonin; SD: Sleep deprivation.

of adiponectin were decreased in the colitis group and
the colitis with sleep deprivation group compared to
that in the control group (Figure 6). In the group of
colitis with sleep deprivation, adiponectin expression
was significantly (P < 0.05) recovered by melatonin
injection (Figure 6). These results are consistent with
results from immunohistochemical staining.

Estimation of inflammatory cytokines in the serum of
mice

The levels of pro-inflammatory cytokines such as IL-6,
IL-17, and TNF-α in the serum of mice were increased
in DSS colitis group and colitis with sleep deprivation
group compared to those of the control group. Their
levels were decreased after melatonin injection.
Even in the control group, the levels of these proinflammatory cytokines were relatively higher level
than that in the melatonin treatment group. This could
be due to the fact that all mice were moved to water
rd
bath at the 3 experimental day when control mice got
stressed out due to their fear of water. The expression
levels of IL-6, IL-17, and TNF-α were significantly (P
< 0.05) decreased after melatonin treatment (Figure
7). The level of anti-inflammatory cytokine IL-10 was
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Figure 7 Cytokine levels in serum of mice. Pro-inflammatory cytokines such as IL-6 (A), IL-17 (B), and TNFα (C) were reduced by melatonin injection; IL-10 (D)
expression was not significantly changed. aP < 0.05 vs control. M: Melatonin; SD: Sleep deprivation.
[26]

pro-inflammatory cytokines including cellular stress
[22,23]
markers, TNF, IL-6, and IL-1b in mice
. Our study
showed that mucosal expression of adiponectin
was significantly decreased in DSS-induced colitis
compared to that in the control. This result was
consistent with other reports. Adiponectin mRNA
level is reported to be decreased in inflamed colonic
[24]
mucosa of DSS induced murine colitis . Adiponectin
can inhibit chemokine production in intestinal epi
thelial cells. It has been reported that adiponectin
KO mice has much more severe colitis compared to
[25]
wild type mice . Recently, adiponectin expression
in human tissue has been identified. In patients with
ulcerative colitis, the mRNA expression of adiponectin
[24]
in colonic mucosa is decreased . Adiponectin
concentration in mesenteric adipose tissue of CD
patients has been found to be significantly lower
in patients with internal fistula compared to that in
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patients without fistula .
Interaction of melatonin with adiponectin was
[18]
first reported by Ríos-Lugo et al . They showed
that melatonin attenuated body weight increase
and hyperglycemia, but increased mean plasma
adiponectin in high fat-fed rats. The high-fat diet
disrupted the normal 24-h pattern of adiponectin,
[18]
which was counteracted by melatonin . Direct effect
of melatonin on adiponectin has not been clarified
yet. An in vitro study using pre-adipocytes has shown
an inhibitory effect of melatonin on adiponectin
[18,27]
synthesis
. Another study has demonstrated that
chronic melatonin administration to rats mainly affects
[28]
the 24-h rhythm of adiponectin secretion . A recent
study has shown a significant increase in median
plasma adiponectin levels and insulin sensitivity as
early as 4 weeks after melatonin administration in
[29]
cohort of patients with non-alcoholic steatohepatitis .
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In this study, the expression level of adiponectin
was lower in DSS-induced colitis than that in the
control, with the lowest level in the sleep deprivation
group. After melatonin injection, the expression level
of adiponectin was significantly increased, even higher
than that in the control. Based on these results,
adiponectin expression in colonic tissue might be
modulated by melatonin injection. These results are
comparable to genetic expression of adiponectin after
[14]
melatonin treatment in our previous study .
To understand the mechanism of inflammation, the
levels of serum cytokines of mice were determined.
Pro-inflammatory cytokines such as IL-6, IL-17A,
and TNF-α were increased in colitis. As one of
mechanisms to control inflammation, melatonin can
modulate a variety of molecular targets, including
NF-kB, cyclooxygenase-2, interleukin 17, matrix
metalloproteinase-9, and connective tissue growth
[30]
factor . We also found that the levels of proinflammatory cytokines such as IL-6, IL-17A, and
TNF-α were decreased while the level of IL-10 was
increased after melatonin treatment (Figure 7).
Therefore, adiponectin decreased levels of proinflammatory cytokines but increased level of IL-10
in macrophage and PBMC. Melatonin and adiponectin
might have synergistic effect in these cytokine profiles.
However, there was no significant cytokine change
after sleep deprivation. This could be due to the fact
that we could only check serum cytokine levels in
survived mice. Dead mice might have higher proinflammatory cytokine levels than survived mice.
Our results showed that sleep deprivation group
mice had more severe pathologic inflammation with
worse survival rate, indicating that sleep is important
for survival. Under the same condition, all melatonin
injected mice survived during the experimental period
(Figure 3). Although the precise mechanism on how
melatonin helped the survival of mice is currently
unknown, melatonin might be beneficial to overcome
stressful conditions such as sleep deprivation for
human.
Th17 cell lineage is important for pathogenesis
of IBD. It produces important inflammatory cytokine
IL-17. Our results also demonstrated that melatonin
injection decreased IL-17 level. Th17 lineagespecific transcription factor RORα is a natural target
[31]
of melatonin in T cells . RORα, along with RORγ,
[32]
can regulate Th17 cell differentiation , whereas
down regulation of RORα expression is part of the
[33]
typical Treg transcriptional signature . A preliminary
study has highlighted the in vivo inhibitory actions of
[34]
melatonin on Treg cell generation in cancer patients .
It has been reported that in vivo administration of
melatonin to mice subjected to experimental cancer
has down regulation of CD4+CD25+ Treg cells and
[35]
Foxp3 expression in tumor tissues . These results
suggest that melatonin may have adjuvant effect in
inhibiting colitis associated cancer development in
patients with IBD.
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The levels of plasma melatonin in patients with
ulcerative colitis (UC) have been reported to be
[36]
significantly lower than those of healthy control .
They are higher in remission state than in active
disease. Melatonin can also cause the disappearance
of clinical symptoms of patients with UC. These
symptoms are reported to have reappeared when
[37]
melatonin consumption is stopped . Adjuvant
treatment with melatonin in UC patients is reported
to keep remission for 12 mo with normal C- reactive
protein ranges and high hemoglobin levels, suggesting
that adjuvant melatonin therapy may help sustain
[38]
remission of patients with UC . However, more
clinical trials should be performed to confirm the
beneficial effect of melatonin on IBD, although basic
studies strongly suggest such beneficial effect.
To the best of our knowledge, this is the first study
to report that melatonin and sleep deprivation are
related to adiponectin expression in colonic mucosa of
DSS colitis. Results of this study were consistent with
results of previous study about the genetic expression
of adiponectin after melatonin and sleep deprivation.
In summary, we found that sleep deprivation
aggravated inflammation and lowered survival
rate. However, melatonin had a protective effect
on inflammatory change and helped the survival of
DSS-induced colitis of mice. In addition, melatonin
modulated adiponectin expression in colitis mice with
sleep deprivation. This study suggests that melatonin
and adiponectin synergistically potentiate the antiinflammatory effects in the colitis. Because severe
colitis with sleep deprivation is a frequent condition of
active IBD patients, melatonin is expected to be used
for control of inflammation and sleep deprivation.
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Background

Melatonin is secreted by pineal gland. It functions as a regulator of circadian
rhythms and an antioxidant. Melatonin levels in the gut are independent of
pineal production. The gut contains at least 400 times more melatonin than the
pineal gland, emphasizing the functional importance of melatonin in the gut.
The melatonin in GI tract has anti-inflammatory effect in experimental models of
colitis in many previous reports.

Research frontiers

This previous study also shows that mRNA level of adiponectin is down
regulated by sleep deprivation but up-regulated by melatonin based on
microarrays and real-time PCR analysis of mice colon tissues

Innovations and breakthroughs

This is the first study that melatonin and sleep deprivation are related to
adiponectin expression in the colonic mucosa of murine colitis being performed
by immuno-histochemical staining and Western blot analysis. So, the authors
confirmed previous genetic change of adiponectin on microarrays and real-time
PCR analysis.

Applications

The expression level of adiponectin in mucosa was decreased in colitis, with
the lowest level observed in colitis combined with sleep deprivation. Melatonin
injection significantly recovered the expression of adiponectin. This study
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suggests that melatonin and adiponectin synergistically potentiate the antiinflammatory effects in murine colitis.

Terminology

No specific terminology are used in this paper
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expression in colonic tissue of murine colitis and cytokine expression in
response to melatonin treatments and sleep deprivation. The results showed
that sleep deprivation exacerbated DSS colitis, which can be alleviated by
melatonin injection. The expression level of adiponectin in mucosa was
decreased in colitis, with the lowest level observed in colitis combined with
sleep deprivation.
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Abstract
AIM
To clarify the association between aldo-keto reductase
family 1 member B10 (AKR1B10) expression and hepato
carcinogenesis after hepatitis C virus eradication.

Informed consent statement: Written informed consent was
obtained from all the patients enrolled in the study.
Conflict-of-interest statement: The authors declare no conflict
of interest related to this study.

METHODS
In this study, we enrolled 303 chronic hepatitis C
patients who had achieved sustained virological
response (SVR) through interferon-based antiviral

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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therapy. Pretreatment AKR1B10 expression in the liver
was immunohistochemically assessed and quantified
as a percentage of positive staining area by using
image-analysis software. A multivariate Cox analysis
was used to estimate the hazard ratios (HRs) of
AKR1B10 expression for hepatocellular carcinoma (HCC)
development after achieving SVR. The cumulative
incidences of HCC development were evaluated using
Kaplan-Meier analysis and the log-rank test.

predicts the risk of hepatocellular carcinoma development
after hepatitis C virus eradication. World J Gastroenterol 2016;
22(33): 7569-7578 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i33/7569.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i33.7569

RESULTS
Of the 303 chronic hepatitis C patients, 153 (50.5%)
showed scarce hepatic AKR1B10 expression, quantified
as 0%, which was similar to the expression in control
normal liver tissues. However, the remaining 150
patients (49.5%) exhibited various degrees of AKR1B10
expression in the liver, with a maximal AKR1B10
expression of 73%. During the median follow-up time
of 3.6 years (range 1.0-10.0 years), 8/303 patients
developed HCC. Multivariate analysis revealed that only
high AKR1B10 expression (≥ 8%) was an independent
risk factor for HCC development (HR = 15.4, 95%CI:
1.8-132.5, P = 0.012). The 5-year cumulative
incidences of HCC development were 13.7% and 0.5%
in patients with high and low AKR1B10 expression,
respectively (P < 0.001). During the follow-up period
after viral eradication, patients expressing high levels of
AKR1B10 expressed markedly higher levels of alanine
aminotransferase and α-fetoprotein than did patients
exhibiting low AKR1B10 expression.

Persistent hepatitis C virus (HCV) infection is one of
the major causes of chronic liver disease leading to
the development of hepatocellular carcinoma (HCC),
which is the fifth most common cancer and the third
most common cause of cancer-related death world
[1]
wide . HCV is responsible for 27%-75% of the HCC
cases in Europe and United States and > 80% of the
[2,3]
cases in Japan
. Notably, HCV-positive patients
present a 20-fold higher risk of developing HCC than
[4]
do HCV-negative patients , which indicates a major
carcinogenic role for persistent HCV infection. Given this
association, chronic hepatitis C patients are frequently
treated with interferon-based antiviral therapy, because
the treatment not only eradicates HCV but also reduces
the rate of HCC development. Interferon therapy most
effectively lowers the risk of developing HCC in patients
[5-7]
who achieve a sustained virological response (SVR) ,
and the recent emergence of direct-acting antiviral
drugs (DAAs) against HCV has drastically increased the
[8,9]
SVR rate of antiviral therapy . However, the risk of
HCC development persists after interferon therapy even
[10]
in patients who achieve SVR . Because assessment
of the risk of developing HCC is clinically important in
the management of patients with chronic hepatitis C,
the requirement of predictors for HCC development in
patients who achieve SVR is now increasing.
Aldo-keto reductase family 1 member B10 (AKR1B10),
a cancer-related oxidoreductase, was originally iden
tified as a gene whose expression was upregulated in
[11,12]
human HCC but was low in normal liver tissues
.
Recently, AKR1B10 upregulation was observed in se
veral studies in certain chronic liver diseases such as
[13-16]
chronic hepatitis B and C and steatohepatitis
, which
are widely recognized to represent a precancerous
condition of HCC. AKR1B10 was upregulated in a
stepwise manner from the surrounding liver tissues,
[17]
which showed chronic hepatitis or cirrhosis, to HCC ,
and AKR1B10 upregulation was also demonstrated to
be associated in a statistically significant manner with
the risk of HCC development in chronic hepatitis B and
[13,15]
C
. Furthermore, the results of in vitro and in vivo
experiments demonstrated the involvement of AKR1B10
[18,19]
in cancer-cell proliferation
.
The aforementioned findings collectively support
the view that AKR1B10 upregulation is involved in
the early stages of hepatocarcinogenesis. We further
hypothesized that in patients in whom AKR1B10 is
upregulated in the liver, the carcinogenic process has
already progressed, and that these patients face a high

INTRODUCTION

CONCLUSION
Chronic hepatitis C patients expressing high levels
of hepatic AKR1B10 had an increased risk of HCC
development even after SVR.
Key words: Human AKR1B10 protein; Hepatocellular
carcinoma; Chronic hepatitis C; Immunohistochemistry;
Risk factor; Sustained virological response
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Expression of a cancer-related oxidoreductase,
aldo-keto reductase family 1 member B10 (AKR1B10)
was upregulated in the liver in patients with chronic
hepatitis C (CHC). High AKR1B10 expression was
associated in a statistically significant manner with the
risk of hepatocellular carcinoma (HCC) development
even after sustained virological response (SVR) was
achieved through interferon-based antiviral therapy.
Pretreatment AKR1B10 expression of 8% was associated
with a > 15-fold-increased risk of HCC development.
Thus, AKR1B10 is not only a cancer biomarker but also
a novel predictive marker for assessing the risk of HCC
development in CHC patients who achieved SVR.
Murata A, Genda T, Ichida T, Amano N, Sato S, Tsuzura H, Sato
S, Narita Y, Kanemitsu Y, Shimada Y, Hirano K, Iijima K, Wada
R, Nagahara A, Watanabe S. Pretreatment AKR1B10 expression
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risk of HCC even after successful viral eradication. If
this is the case, then AKR1B10 expression could serve
as a useful predictive marker for HCC development in
chronic hepatitis C patients who achieve SVR. Thus,
in this study, our aim was to clarify the association
between pretreatment AKR1B10 expression and
HCC development after SVR in patients with chronic
hepatitis C.

before treatment, at 24 wk after the EOT, and at every
follow-up visit after SVR: complete blood count and
levels of albumin, alanine aminotransferase (ALT),
γ-glutamyl transpeptidase (GGT), α-fetoprotein (AFP),
and des-γ-carboxy prothrombin. Histological staging
and grading were evaluated by a pathologist, who was
blinded to the patients’ clinical information, according
[20]
to the Metavir classification system .

Patient follow-up

MATERIALS AND METHODS

Each patient was examined for serum tumor markers
and HCC by performing ultrasonography at least once
every 6 mo after SVR. The absence of serum HCV
RNA was annually reconfirmed. HCC was diagnosed
predominantly through imaging studies, including
dynamic computed tomography and magnetic reso
nance imaging. When the hepatic nodule did not show
typical imaging features, diagnosis was confirmed by
means of fine-needle aspiration biopsy followed by
histological examination. Patient follow-up ended on
March 31, 2016.

Patients

Between March 2004 and August 2014, a total of
605 patients with chronic HCV infection underwent
interferon-based antiviral therapy at Juntendo Uni
versity Shizuoka Hospital. Of the 605 patients, 401
achieved SVR, and these patients were considered
for enrollment in this retrospective study. Chronic
HCV infection was diagnosed based on continuous
positivity for serum HCV RNA detected using reversetranscription PCR. Exclusion criteria for this study
were the following: (1) absence of liver biopsy within
6 mo before treatment; (2) positivity for hepatitis B
surface antigen or HIV; (3) evidence of other chronic
liver diseases (autoimmune hepatitis, primary biliary
cirrhosis, hemochromatosis, and Wilson’s disease); (4)
presence of HCC or any suspicious lesions detected
through ultrasonography, dynamic computed tomo
graphy, or magnetic resonance imaging at enrollment;
(5) history of previous treatment for HCC and liver
transplantation; (6) a follow-up period of < 1.0 year
after the end of treatment (EOT); and (7) development
of HCC at < 1.0 year after the EOT, because HCC
developed within 1.0 year might have existed before
treatment. Based on these criteria, a total of 303
patients were finally enrolled in this study. Control
normal liver tissues presenting no aberrant histological
features were obtained from surgically resected
specimens from 8 patients with liver metastasis from
colorectal cancer.
This study was approved by the Ethics Committee
of Juntendo University Shizuoka Hospital and per
formed in accordance with the Helsinki Declaration (as
revised in Brazil, 2013). Written informed consent was
obtained from all patients.

AKR1B10 immunohistochemistry

Immunohistochemical analysis of AKR1B10 was
performed as described previously with certain modifi
[14,21]
cations
. Briefly, deparaffinized and rehydrated
sections were processed by performing heat-induced
antigen retrieval in 0.1 mol/L citrate buffer at pH
6.0. After blocking endogenous peroxidase activity,
sections were incubated with a mouse monoclonal
antibody against AKR1B10 (1:100, Ab 57547;
Abcam, Cambridge, United Kingdom) at room tem
perature, and then with a biotinylated secondary
antibody (Ventana iVIEW DAB Universal Kit; Ventana
Medical Systems Inc., Tucson, AZ, United States).
Staining was visualized using 3,3’-diaminobenzidine
tetrahydrochloride, and sections were counterstained
with hematoxylin and eosin. AKR1B10 immunostaining
was identified based on positive cytoplasmic staining
and was quantified as the average percentage of
AKR1B10-positive areas in 2 independent fields of
hepatic parenchyma at 100 × magnification by using
Lumina Vision 2.4 Bio-imaging software (Mitani
Corporation, Tokyo, Japan). The average percentage
of AKR1B10-positive areas was rounded to the integer
by discarding fractions that were < 1%. Previous
studies have established that the levels of AKR1B10
immunoreactivity and its mRNA levels are well
[14,15]
correlated
.

Laboratory investigations and liver histology

HCV was genotyped by performing PCR with the
HCV Genotype Primer Kit (Institute of Immunology
Co., Ltd., Tokyo, Japan) and classified into genotype
1, genotype 2, or other genotypes according to
Simmonds’ classification system. Serum HCV viral load
was determined with a Cobas Amplicor HCV monitor
v2.0 by using the 10-fold-dilution method (Roche
Diagnostics, Branchburg, NJ, United States). Patients
who were negative for serum HCV RNA at 24 wk after
the EOT were defined as having achieved SVR. The
following laboratory data were collected immediately

WJG|www.wjgnet.com

Statistical analyses

All statistical analyses were performed using PASW
Statistics 18 (IBM SPSS, Chicago, IL, United States).
The Mann-Whitney U test was used for continuous
2
variables and the corrected χ method was used for
categorical variables. Univariate and multivariate Cox
proportional hazard models were used to evaluate
factors that were significantly associated with HCC
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Table 1 Baseline characteristics of patients enrolled in the study
All patients (n = 303)

Characteristics
Age, yr
Males
BMI (kg/m2)
Habitual drinker
Diabetes mellitus1
HCV-RNA (logIU/mL)1
HCV genotype 1
Stage of fibrosis F3-F4
Grade of inflammation A2-A3
Albumin (g/dL)
ALT (IU/L)
Platelet count (× 104/μL)
GGT (IU/L)
AFP (ng/mL)1
PI use

With HCC development (n = 8) Without HCC development (n = 295)

57 (20-85)
182 (60.0)
23.3 (15.3-39.5)
75 (24.8)
25 (8.3)
6.2 (1.2-7.6)
152 (50.2)
47 (15.5)
208 (68.6)
4.2 (3.3-4.8)
52 (11-699)
17.5 (5.6-39.6)
37 (9-517)
5 (1-1380)
43 (14.2)

62 (49-71)
6 (75.0)
23.8 (20.2-26.5)
2 (25.0)
3 (37.5)
5.7 (5.0-6.7)
6 (75.0)
6 (75.0)
8 (100.0)
3.9 (3.3-4.4)
146 (31-209)
10.3 (7.9-19.3)
66 (28-161)
11 (5-870)
1 (12.5)

57 (20-85)
176 (59.7)
23.4 (15.3-39.5)
73 (24.7)
22 (7.5)
6.2 (1.2-7.6)
146 (49.5)
41 (13.9)
200 (67.8)
4.2 (3.3-4.7)
52 (11-699)
17.6 (5.6-31.9)
36 (9-517)
5 (1-1380)
42 (14.2)

P value
0.1982
0.4843
0.8602
1.0003
0.0193
0.2462
0.2833
< 0.0013
0.0603
0.0322
0.0172
0.0062
0.0532
0.0022
1.0002

1

Data not available for all patients; 2Mann Whitney-U test; 3χ 2 test. Data are expressed as medians (range) or numbers (%). P values are for comparisons
between patients with and without HCC development. AFP: α-fetoprotein; ALT: Alanine aminotransferase; BMI: Body mass index; GGT: γ-glutamyl
transpeptidase; HCV: Hepatitis C virus; PI: Protease inhibitor.

pegylated interferon plus ribavirin for 24 wk. During a
median follow-up of 3.6 years (range, 1.0-10.0 years),
8 patients (2.6%) developed HCC. The estimated
cumulative incidences of HCC were 1.2% and 3.7% at
3 and 5 years, respectively (Figure 1). As compared
with patients who did not develop HCC, the patients
who developed HCC more frequently presented the
complication of diabetes mellitus (P = 0.019) and
exhibited a higher degree of hepatic fibrosis (P <
0.001), lower albumin levels (P = 0.032), higher ALT
levels (P = 0.017), lower platelet counts (P = 0.006),
and higher AFP levels (P = 0.002) (Table 1).

Cumulative incidence of HCC

1.0

0.8

0.6

0.4

0.2

Baseline AKR1B10 expression in the liver

0.0

At risk

0.0

2.0

303

237

4.0
6.0
Observation period (yr)
137

50

8.0

Figure 2 shows representative immunohistochemical
staining of AKR1B10 in liver tissues. In normal
liver tissues, distinct positive staining for AKR1B10
was observed in bile-duct epithelia, but AKR1B10
immunoreactivity was either undetectable in the
hepatic parenchyma, or faint immunoreactivity was
observed in a few hepatocytes (Figure 2A and B). In
some of the patients with chronic hepatitis C, AKR1B10
immunoreactivity in the liver was similar to that in
control normal liver tissues: positive in bile-duct epithelia
and negative in the hepatic parenchyma (Figure 2C
and D). However, other patients showed prominent
nucleocytoplasmic AKR1B10 immunoreactivity in
scattered or clustered hepatocytes in the hepatic
parenchyma (Figure 2E and F). Quantification of the
AKR1B10-positive areas in the hepatic parenchyma
revealed that none of the normal liver tissues showed
AKR1B10 expression. Similarly, 153 patients (50.5%)
presented scarce AKR1B10 expression, and their
AKR1B10 positive staining area was quantified as
0%. By contrast, the remaining 150 patients (49.5%)
presented various degrees of AKR1B10 expression
in the liver parenchyma, with the maximal AKR1B10
expression area reaching 73% (Figure 3). The median

10.0

10

Figure 1 Cumulative incidence of hepatocellular carcinoma development
after sustained virological response. HCC: Hepatocellular carcinoma.

development. The Kaplan-Meier method was used to
analyze the cumulative incidence of HCC development,
and differences were tested using the log-rank test.
The hazard ratio (HR) and 95%CI were calculated. P <
0.05 was considered statistically significant.

RESULTS
Patients’ characteristics and HCC development after
SVR

The demographic, biochemical, and pathological
characteristics of the 303 patients enrolled in this
study are summarized in Table 1. Of the 303 patients,
260 received pegylated interferon plus ribavirin
combination therapy for 24-72 wk, and 43 patients
received protease inhibitor treatment (22 telaprevir,
10 simeprevir, and 11 faldaprevir) together with
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A

B

C

D

E

F

Figure 2 Representative AKR1B10 immunohistochemical staining of specimens. Normal liver tissue (A, B) and tissue from patients with chronic hepatitis C (C-F).
Hematoxylin and eosin staining (A, C, E) and AKR1B10 immunostaining (B, D, F). Positive control, bile-duct epithelium; original magnification × 40.
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Figure 3 Distribution of AKR1B10 expression levels in the study cohort. Filled and blank patterns indicate patients with and without hepatocellular carcinoma
development, respectively.
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1.0

Table 2 Univariate and multivariate analyses for factors
associated with hepatocellular carcinoma development

Univariate analysis
Age (by each year)
Male sex
BMI (by each kg/m2)
Habitual drinker
Diabetes mellitus
HCV-RNA (by each logIU/mL)
HCV genotype 1
Stage of fibrosis
Grade of inflammation
Albumin (by each g/dL)
ALT (by each IU/L)
Platelet count (by each 104/mL)
GGT (by each IU/L)
AFP (by each ng/mL)
PI use
AKR1B10 (by each %)
Multivariate analysis
AKR1B10 (by each %)

P value

1.04 (0.31-1.11)
1.61 (0.32-8.04)
1.00 (0.80-1.25)
1.26 (0.25-6.27)
5.58 (1.19-26.21)
0.87 (0.44-1.72)
2.90 (0.58-14.35)
3.59 (1.68-7.68)
4.32 (1.02-18.40)
0.03 (0.00-0.29)
1.00 (1.00-1.01)
0.75 (0.63-0.90)
1.00 (1.00-1.01)
1.00 (1.00-1.00)
2.93 (0.31-27.70)
1.06 (1.03-1.10)

0.347
0.564
0.982
0.775
0.030
0.696
0.195
0.001
0.048
0.003
0.196
0.002
0.452
0.033
0.347
< 0.001

1.04 (1.03-1.10)

Cumulative incidence of HCC

HR (95%CI)

Variables

Log-rank test: P < 0.001

AKR1B10 ≥ 8%

0.6

AKR1B10 < 8%

0.4

0.2

0.0
0.0

2.0

4.0
6.0
8.0
Observation period (yr)

10.0

AKR1B10 ≥ 8%
75
AKR1B10 < 8%
228

0.001

57

32

12

0

180

105

38

10

Figure 4 Cumulative incidence of hepatocellular carcinoma development
after sustained virological response, shown according to AKR1B10
expression level.

AFP: α-fetoprotein; AKR1B10: Aldo-keto reductase family1 member B10;
ALT: Alanine aminotransferase; BMI: Body mass index; GGT: γ-glutamyl
transpeptidase; HCV: Hepatitis C virus; PI: Protease inhibitor.

expressing low levels of AKR1B10 developed HCC:
one patient showed an AKR1B10 expression level of
7%, and developed HCC at 1.8 years, whereas the
other did not show AKR1B10 expression (0%), and
developed HCC at 9.0 years (Table 3).

AKR1B10-positive area in patients who developed HCC
and did not develop HCC was 15% (range, 0%-60%)
and 0% (range, 0%-73%), respectively, and this
difference was statistically significant (P = 0.002).

Baseline AKR1B10 expression and risk of HCC
development after SVR

Changes in biochemical-test results after SVR and
baseline AKR1B10 expression

The results of univariate Cox logistic regression
analysis identified 6 baseline variables that were
significantly associated with HCC development after
SVR: complication of diabetes mellitus, advanced
fibrosis stage, low serum albumin levels and platelet
counts, elevated serum AFP, and increased AKR1B10
expression. Multivariate Cox logistic regression analysis
revealed that only high AKR1B10 expression was an
independent risk factor for HCC development after
SVR (Table 2). The area under the receiver operator
characteristics curve analysis further revealed that an
AKR1B10 expression level of 8% was the cutoff value
for HCC development. The sensitivity and specificity for
AKR1B10 expression of ≥ 8% were 0.750 and 0.766,
respectively. The positive and negative predictive
values were 0.080 and 0.991, respectively. The
results of multivariate Cox logistic regression analysis
indicated that the adjusted HR of high AKR1B10
expression (≥ 8%) for HCC development was 15.4
(95%CI: 1.8-132.5, P = 0.012). Kaplan-Meier plot
analysis revealed that the 3- and 5-year cumulative
incidence rates of HCC development in patients with
high AKR1B10 expression were 3.4% and 13.7%,
respectively, whereas those in patients with low
AKR1B10 expression (< 8%) were 0.5% and 0.5%,
respectively (P < 0.001; Figure 4). Only 2 patients
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0.8

Serum aminotransferase levels are sensitive indicators
of necroinflammatory activity in the liver, and an
elevation of serum AFP levels without HCC is also
related to liver-cell damage. To investigate sustained
liver-cell damage after HCV eradication, we evaluated
whether serum ALT and AFP levels were altered after
SVR, and whether baseline AKR1B10 expression was
associated with such changes. At 6 mo after the EOT,
the ALT levels were markedly decreased (median: 52
IU/L at baseline, 16 IU/L at 6 mo, P = 0.001), and 264
(87.1%) patients achieved ALT normalization (defined
as ALT ≤ 30 IU/mL). AFP levels also showed a notable
decrease (median: 5 ng/mL at baseline, 3 ng/mL at 6
mo, P < 0.001), and 260 (85.8%) patients achieved
an AFP level of ≤ 5 ng/mL. As compared with the
low-AKR1B10 group (n = 228), the high-AKR1B10
group (n = 75) showed considerably higher levels of
ALT (median: 15 IU/L vs 22 IU/L, P < 0.001) and AFP
(median: 3 ng/mL vs 4 ng/mL, P < 0.001) at 24 wk
after the EOT (Figure 5).

DISCUSSION
In this study, the incidence of HCC development
was 3.7% at 5 years after SVR. This low incidence
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Table 3 Characteristics of the 8 patients with hepatocellular carcinoma development

1
2
3
4
5
6
7
8

4

Age (yr)

Sex

Interval (yr)

F

A

Albumin (g/dL)

ALT (IU/L)

Platelet count (× 10 /mL)

AKR1B10

62
69
61
65
49
56
57
71

F
F
M
M
M
M
M
M

1.0
1.8
2.8
3.8
4.3
4.9
5.8
9.0

2
3
2
4
3
3
3
3

2
2
2
3
2
2
2
2

4.0
3.3
4.4
3.4
3.8
4.2
4.2
3.7

199
60
135
88
209
156
157
31

10.3
9.9
10.3
9.0
7.9
19.3
14.7
17.9

60%
7%
13%
52%
38%
9%
16%
0%

AKR1B10: Aldo-keto reductase family1 member B10; ALT: Alanine aminotransferase; HCC: Hepatocellular carcinoma.

1

P < 0.001

50
40
30
20
10
0

AKR1B10 < 8%

AKR1B10 ≥ 8%

1

P < 0.001

10
AFP at 24 wk after the EOT (ng/mL)

ALT at 24 wk after the EOT (IU/L)

60

5

0

AKR1B10 < 8%

AKR1B10 ≥ 8%

Figure 5 Relationships between baseline AKR1B10 expression levels and alanine aminotransferase and α-fetoprotein levels after sustained virological
response. 1Mann-Whitney U test. EOT: End of treatment.

is comparable to that presented in recent reports
[22-25]
(1.2%-5.8%)
, and this is considered to confirm
the relationship between SVR achievement and a
[26]
reduced risk of subsequent HCC . Approval of various
DAAs, including protease inhibitors, has enabled most
[8,9]
patients receiving the therapy to achieve SVR ,
and the safety of the all-oral combination therapy of
DAAs could increase the number of patients receiving
[27,28]
antiviral therapy
. Consequently, the number
of SVR patients is now increasing drastically, and
thus predictors of HCC development after SVR are
becoming increasingly important.
To date, several factors have been reported to
predict the risk of HCC development in patients with
chronic hepatitis C, such as older age, male gender,
[2]
alcohol intake, and hepatic fibrosis . Before DAA
became available, Genotype 1 infection was refractory
to treatment, and may have been correlated with risk
of HCC. The presence of advanced hepatic fibrosis
prior to treatment is recognized as a significant risk
factor for HCC development after achieving SVR,
however, not all patients with advanced hepatic
[29]
fibrosis develop HCC . In the present study, our main
finding is that high AKR1B10 expression in the liver is
an independent predictor for HCC development even
after achieving SVR. The adjusted HR demonstrated
that a pretreatment AKR1B10 expression of ≥ 8%

WJG|www.wjgnet.com

was associated with a > 15-fold-increased risk of
HCC development after achieving SVR. Although the
positive predictive value of AKR1B10 expression of ≥
8% was only 0.080, the negative predictive value was
extremely high: 0.991; this result suggests that the
risk of HCC development was extremely low in patients
showing an AKR1B10 expression of < 8%. Based on
the assessment of baseline AKR1B10 expression, verylow-risk patients could be selected from the growing
number of SVR patients, and thus an inefficient
surveillance examination for HCC could be avoided.
The previous study also demonstrated that high
AKR1B10 expression was a significant predictor of HCC
development in patients with chronic hepatitis C. Inte
restingly, the ROC analysis-determined AKR1B10 cutoff value in the present study (8%) was higher than
[14]
that in the previous report (6%) . A fundamental
difference between these studies was that the previous
study included 42% non-SVR patients in the study
cohort while the present study included only SVR
patients. The difference in the AKR1B10 cut-off values
might indicate the impact of SVR achievement on the
subsequent changes in AKR1B10 expression. However,
confirming this would be difficult since liver biopsy
samples from patients who have completed treatment
are rarely available
AKR1B10 emerged as a cancer biomarker because
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it is overexpressed in several cancers; however, the
biological function of AKR1B10 and its potential involve
ment in carcinogenesis remain incompletely under
stood and are receiving increased attention. Because
AKR1B10 is an efficient retinal reductase, the molecule
is considered to inhibit retinoic acid signaling, which
[30,31]
maintains epithelial cell differentiation
. Therefore,
AKR1B10 upregulation has been hypothesized to play
a pivotal role in promoting premature or neoplastic
[32,33]
phenotypes in cancer cells
. In the case of human
HCC, AKR1B10 upregulation was mainly observed in
early-stage well-differentiated HCC and was considered
to represent an early event in the hepatocarcinogenesis
[17,34]
process
. Here, AKR1B10 upregulation occurred
in patients with chronic hepatitis C, a preneoplastic
condition of HCC, and reflected the risk of HCC
development even after HCV eradication. Collectively,
these data and those from previous studies suggest
the involvement of AKR1B10 upregulation in the very
early stages of hepatocarcinogenesis. In the patients
in whom AKR1B10 was upregulated before treatment,
the carcinogenic process might have already
progressed, and in these patients, a high risk of HCC
might remain even after successful viral eradication.
We also found that baseline AKR1B10 expression
was related with ALT and AFP levels after SVR,
both of which were identified as predictors of HCC
[35,36]
development in several previous studies
. However,
why ALT and AFP levels show sustained elevation
even after HCV eradication is unknown. Intriguingly,
baseline AKR1B10 expression was also associated with
ALT levels in chronic hepatitis B patients who received
[13]
successful antiviral therapy . However, viral infection
per se is unlikely to cause the sustained elevation
of ALT and AFP after antiviral therapy: Recently,
AKR1B10 expression was shown to be regulated
by the transcription factor nuclear factor erythroid
[37]
2-related factor 2 , which plays a pivotal role in the
adaptive response to oxidative stress. Oxidative stress
is a feature of steatohepatitis, and hepatic oxidativestress markers have been correlated with the severity
[38-40]
of hepatic necroinflammation
. Furthermore,
AKR1B10 was identified as an upregulated gene in
[16]
steatohepatits . Given these findings, we suggest
that oxidative stress might affect baseline AKR1B10
expression, sustain ALT and AFP elevation, and further
HCC development after SVR.
The main limitations of this study were its mono
centric aspect and retrospective nature. The number
of cases of HCC development was very small because
the incidence of HCC development after SVR was
generally low. A future multicenter prospective analysis
will be required to validate the association between
AKR1B10 expression and the risk of HCC development
in patients with chronic hepatitis C who achieve HCV
eradication.
In conclusion, AKR1B10 upregulation is a major
risk factor for HCC development in chronic hepatitis
C patients who achieve SVR. Our findings not only
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identify AKR1B10 as a novel predictive marker of HCC,
but also provide a new insight regarding AKR1B10
involvement in the molecular mechanism of hepatocar
cinogenesis and suggest that AKR1B10 could serve as
a novel therapeutic target for HCC prevention.
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Abstract
AIM
To summarize and compare the clinical characteristics
of drug-induced liver injury (DILI) and primary biliary
cirrhosis (PBC).
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METHODS
A total of 124 patients with DILI and 116 patients with
PBC treated at Shengjing Hospital Affiliated to China
Medical University from 2005 to 2013 were included.
Demographic data (sex and age), biochemical indexes
(total protein, albumin, alanine aminotransferase,
aspartate aminotransferase, total bilirubin, direct
bilirubin, indirect bilirubin, alkaline phosphatase, and
gamma glutamyltransferase), immunological indexes
[immunoglobulin (Ig) A, IgG, IgM, antinuclear antibody,
anti-smooth muscle antibody, anti-mitochondrial
antibody, and anti-mitochondrial antibodies] and
pathological findings were compared in PBC patients,
untyped DILI patients and patients with different types
of DILI (hepatocellular type, cholestatic type and mixed
type).
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RESULTS
There were significant differences in age and gender
distribution between DILI patients and PBC patients.
Biochemical indexes (except ALB), immunological
indexes, positive rates of autoantibodies (except
SMA), and number of cases of patients with different
ANA titers (except the group at a titer of 1:10000)
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patients may have an acute onset and show negative
autoantibodies. In addition, DILI patients may be
seropositive for some autoantibodies, and 20%-25%
of DILI cases belong to the cholestatic type. Therefore,
it is somewhat difficult to distinguish between DILI and
PBC in some cases. In this study, we retrospectively
analyzed the clinical data for 124 patients with DILI
and 116 patients with PBC treated at Shengjing
Hospital Affiliated to China Medical University from
2005 to 2013, with an aim to provide some meaningful
evidence for improving the diagnosis and differential
diagnosis of the two diseases.

significantly differed between DILI patients and PBC
patients. Biochemical indexes, immunological indexes,
and positive rate of autoantibodies were not quite
similar in different types of DILI. PBC was histologically
characterized mainly by edematous degeneration of
hepatocytes (n = 30), inflammatory cell infiltration
around bile ducts (n = 29), and atypical hyperplasia of
small bile ducts (n = 28). DILI manifested mainly as
fatty degeneration of hepatocytes (n = 15) and spotty
necrosis or loss of hepatocytes (n = 14).
CONCLUSION
Although DILI and PBC share some similar laboratory
tests (biochemical and immunological indexes) and
pathological findings, they also show some distinct
characteristics, which are helpful to the differential
diagnosis of the two diseases.

MATERIALS AND METHODS
Patients

A total of 124 patients with DILI and 116 patients with
PBC treated at Shengjing Hospital Affiliated to China
Medical University from 2005 to 2013 were included.
PBC was diagnosed according to the diagnostic criteria
recommended by the 2009 European Association
for the Study of the Liver (EASL) Clinical Practice
Guidelines for management of cholestatic liver
[1]
diseases : (1) alkaline phosphatase (ALP) > 2 times
the upper limit of normal (ULN) or gamma glutamyl
transferase (GGT) > 5 times the ULN; (2) positivity
for serum antimitochondrial antibody (AMA) or
AMA-M2; and (3) liver biopsy showing characteristic
small bile duct injury (non-suppurative cholangitis
and intrahepatic small bile duct damage). When
two of the above three items were met, PBC was
diagnosed. Patients with viral hepatitis, autoimmune
hepatitis, primary sclerosing cholangitis, drug-induced
hepatitis, alcoholic liver disease and other diseases
that can cause liver damage as well as patients with
incomplete clinical information were excluded. DILI
was diagnosed according to the RUCAM consensus
[2,3]
developed in 1993 , and patients with an RUCAM
score ≥ 6 were included in this study. According to
the criteria developed by the Council for International
[4]
Organizations of Medical Sciences in 1989 and the
criteria revised in 2005 by the United States Food
and Drug Administration drug hepatotoxicity steering
[5]
committee , DILI was clinically divided into (1)
hepatocellular type: alanine aminotransferase (ALT) ≥
3 × ULN and ALT/ALP ≥ 5; (2) cholestatic type: ALP
≥ 2 × ULN and ALT/ALP ≤ 2; (3) mixed type: ALT ≥
3 × ULN, ALP ≥ 2 × ULN, and ALT/ALP > 2 but < 5.

Key words: drug-induced liver injury; primary biliary
cirrhosis; autoantibodies; immunoglobulin; differential
diagnosis; pathological findings
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to distinguish
differential diagnosis of drug-induced liver injury (DILI)
and primary biliary cirrhosis (PBC). There are many
similarities between the clinical manifestations and
biochemical tests of the two diseases. DILI and PBC
also show some distinct characteristics, which are
helpful to the differential diagnosis of the two diseases.
Yang J, Yu YL, Jin Y, Zhang Y, Zheng CQ. Clinical characteristics
of drug-induced liver injury and primary biliary cirrhosis. World
J Gastroenterol 2016; 22(33): 7579-7586 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i33/7579.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i33.7579

INTRODUCTION
Drug-induced liver injury (DILI) as an important
cause of acute liver failure and chronic liver injury has
increasingly been recognized. With the continuous
development of new drugs and the increase in the
type of drugs, there have been more and more clinical
reports on DILI. However, since DILI has diverse
clinical manifestations and lack a diagnostic gold
standard, misdiagnosis and missed diagnosis often
occur. Primary biliary cirrhosis (PBC) is an autoimmune
liver disease. The constant improvement of diagnostic
techniques has led to an increasing number of
detected PBC cases. Both DILI and PBC may develop
symptoms such as jaundice, fatigue, anorexia, and
upper abdominal discomfort. PBC often has a chronic
course, and it is diagnosed based mainly on the
presence of liver function abnormalities and a variety
of autoantibodies; however, a small portion of PBC

WJG|www.wjgnet.com

Methods

The following clinical data were collected: (1)
demographic data including gender and age; (2)
biochemical indexes including total protein (TP),
albumin (ALB), ALT, aspartate aminotransferase (AST),
total bilirubin (TBIL), direct bilirubin (DBIL), indirect
bilirubin (IBIL), ALP and GGT; (3) immunological
indexes including immunoglobulin (Ig) A, IgG, IgM,
antinuclear antibody (ANA), anti-smooth muscle
antibody (SMA), AMA, and AMA subtypes M2, M4 and

7580

September 7, 2016|Volume 22|Issue 33|

Yang J et al . Clinical characteristics of DILI and PBC
Table 1 Comparison of biochemical indexes between drug-induced liver injury and primary biliary cirrhosis patients
TP (g/L)

ALB (g/L)

DILI (n = 124)

66.2 ± 7.2

38.8 ± 5.6

PBC (n = 116)

74.9 ± 9.4

37.6 ± 5.9

AST (U/L)

ALT (U/L)

ALP (U/L)

391.0
503.0 (263-904)
179.0
(148.0-731.0)
(121.0-294.0)
113.5
113.0
264.0
(74.8-190.5)
(69.0-193.3)
(166.3-443.3)

GGT (U/L)

TBIL (μmol/L)

DBIL
(μmol/L)

IBIL
(μmol/L)

200
(108.0-373.0)
311.5
(148.0-660.3)

31.5
(14.88-109.2)
78.6
(25.2-189.0)

49.3
(15.9-139.6)
16.3
(5.78-60.6)

16.0
(10.6-37.2)
10.9
(7.38-21.6)

DILI: Drug-induced liver injury; PBC: Primary biliary cirrhosis; TP: Total protein; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; TBIL: Total bilirubin; GGT: Gamma glutamyl transferase; DBIL: Direct bilirubin; IBIL: Indirect bilirubin.

IgM or IgA. There were significant differences in IgG,
IgM and IgA levels between the two groups (P < 0.05)
(Table 2).

Table 2 Comparison of immunoglobulins between untyped
drug-induced liver injury and primary biliary cirrhosis patients

DILI (n = 124)
PBC (n = 116)

IgG (g/L)

IgM (g/L)

IgA (g/L)

13.1 ± 3.7
18.8 ± 7.7

1.4 ± 0.8
4.4 ± 2.9

2.6 ± 1.2
3.4 ± 1.5

Autoantibodies

Of all the DILI patients (n = 124), 59 (47.5%) were
positive for autoantibodies, most of which had a low
titer. There were 55 (44.3%) patients positive for
ANA, including 12 (9.67%) having a titer > 1:100, 43
(34.6%) having a titer of 1:100, 9 (7.25%) having
a titer of l:320, 2 (1.61%) having a titer of l:1000
and 1 (0.80%) having a titer of 1:3200; 4 (3.22%)
positive for SMA; 4 (3.22%) positive for AMA; 3
(2.42%) positive for AMA-M2; 1 (0.80%) positive for
AMA-M4; and 3 (2.42%) positive for AMA-M9. Except
that one patient was moderately positive for SMA, the
other patients only showed weak positivity for SMA,
AMA-M2, AMA-M4 or AMA-M9. Of all the PBC patients (n
= 116), 106 (91.3%) were positive for autoantibodies,
most of which had a high titer. There were 98 (84.4%)
patients positive for ANA, including 78 (67.2%) having
a titer > 1:100, 20 (17.2%) having a titer of 1:100, 27
(23.2%) having a titer of 1:320, 30 (25.8%) having a
titer of 1:1000, 19 (16.3%) having a titer of 1:3200,
and 2 (1.72%) having a titer of 1:10000; 2 (3.45%)
positive for SMA; 98 (84.4%) positive for AMA; 98
(84.4%) positive for AMA-M2; 34 (29.3%) positive for
AMA-M4; and 19 (16.3%) positive for AMA-M9. With
regards to the degree of positivity, there were 80 cases
of moderate positivity and 18 cases of weak positivity
for AMA; 19 cases of strong positivity, 69 cases of
moderate positivity and 10 cases of weak positivity for
AMA-M2; 12 cases of moderate positivity and 22 cases
of weak positivity for AMA-M4; 5 cases of moderate
positivity and 14 cases of weak positivity for AMA-M9;
and all cases of weak positivity for SMA2. Except
for SMA, the percentage of cases positive for other
autoantibodies differed significantly between DILI and
PBC patients (P < 0.05). The number of cases positive
for ANA at all titers were significantly different between
DILI and PBC patients (P < 0.05) except ANA at a titer
of 1:10000 (Tables 3 and 4).

DILI: Drug-induced liver injury; PBC: Primary biliary cirrhosis.

M9; (3) liver biopsy (48 PBC patients and 19 DILI
patients underwent B-mode ultrasound guided liver
biopsy to analyze the pathological features).

Statistical analysis

All statistical analyses were performed using SPSS19.0
software. Continuous data are expressed the mean ±
SD. Data following a normal distribution were compared
using the t-test, while those not following a normal
distribution are described as medians. Categorical data
are expressed as percentages and compared using the
χ 2 test. P-values < 0.05 were considered statistically
significant.

RESULTS
Demographic data

In both the DILI and PBC groups, the percentage of
females was higher than that of males (72.6% vs
27.4% and 91.4% vs 8.6%, respectively). The mean
age of onset was 48.43 ± 14.3 years for DILI patients,
and 56.89 ± 9.87 years for PBC patients. There were
significant differences in gender distribution and mean
age between the two groups (P < 0.05).

Biochemical indexes

Both DILI and PBC patients showed varying degrees
of elevations of ALT, AST, GGT, ALP, TBIL, DBIL and
IBIL. AST and ALT were significantly higher in the DILI
group than in the PBC group (P < 0.05), while ALP and
GGT were significantly higher in the PBC group (P <
0.05). ALB showed no significant difference between
the two groups (Table 1).

Biochemical indexes, immunoglobulins and
autoantibodies in PBC and typed DILI patients

Immunoglobulins

PBC patients showed elevations of IgG, IgM and IgA,
with IgM having the most remarkable elevation. In
contrast, DILI patients showed no elevation of IgG,
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Of all the 124 cases of DILI, 90 belonged to the
hepatocellular type, 20 belonged to the cholestatic
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Table 3 Comparison of autoantibodies between untyped drug-induced liver injury and primary biliary cirrhosis patients n (%)

DILI (n = 124)
PBC (n = 116)

χ2

P value

ANA

AMA

SMA

AMA-M2

AMA-M4

AMA-M9

55 (44.3)
98 (84.4)
41.761
< 0.0001

4 (3.22)
98 (84.4)
161.932
< 0.0001

4 (3.22)
2 (3.45)
0.554
0.685

3 (2.42)
98 (84.4)
165.598
< 0.0001

1 (0.80)
34 (29.3)
39.091
< 0.0001

3 (2.42)
19 (16.3)
14.027
< 0.0001

DILI: Drug-induced liver injury; PBC: Primary biliary cirrhosis; ANA: Antinuclear antibody; AMA: Antimitochondrial antibody; SMA: Anti-smooth muscle
antibody.

Table 4 Comparison of antinuclear antibody at different titers between untyped drug-induced liver injury and primary biliary
cirrhosis patients n (%)

DILI (n = 124)
PBC (n = 116)

χ2

P value

1:100

1:320

1:1000

1:3200

1:10000

43 (34.6)
20 (17.2)
9.412
0.0002

9 (7.25)
27 (23.2)
12.060
0.001

2 (1.61)
30 (25.8)
30.498
< 0.0001

1 (0.80)
19 (16.3)
19.027
< 0.0001

0
2 (1.72)
2.156
0.233

DILI: Drug-induced liver injury; PBC: Primary biliary cirrhosis.

Table 5 Comparison of biochemical indexes between typed drug-induced liver injury and primary biliary cirrhosis patients (median)
TP (g/L) ALB (g/L)
Hepatocellular
type DILI (n = 90)
Cholestatic type
DILI (n = 20)
Mixed type DILI
(n = 14)
PBC (n = 116)

66.8 ± 8.0a
63.7 ± 7.2a
70.8 ± 8.6
74.9 ± 9.4

AST (U/L)

ALT (U/L)

39.2 ± 6.2

ALP (U/L)

GGT (U/L)

442.5
574.0
145.5
179.0
(174.3-941.5)a
(205.6-1263.3)a,c,e (86.3-217.5)a,c,e (87.0-366.1)a
39.1 ± 5.8 135.0 (82.6-185.8) 154.0 (49.2-253.8)
320.6
208.50
(196.6-454.2) (110.5-426.8)
37.6 ± 4.4
654.1
844.0
328.75
260.50
(317.2-1389.1)a,c (551.8-1945.8)a,c
(258.4-477.2) (142.8-418.5)
37.6 ± 6.0 113.5 (74.8-190.5) 113.0(69.0-193.3)
264.0
311.5
(166.3-443.3) (148.0-660.3)

TBIL
(μmol/L)

DBIL
(μmol/L)

IBIL
(μmol/L)

74.30
46.2
16.2
(32.4-160.7)
(17.8-96.6)
(11.4-19.5)
126.90
99.0
26.2
(55.3-266.7) (38.8-214.3)
(13.3-35.2)
111.10
95.2
21.9
(41.3-234.9)a (56.7-266.8)a (14.6-33.2)a
78.6
16.3 (5.8-60.6) 10.9 (7.4-21.6)
(25.2-189.0)

a

P < 0.05 vs the PBC group; cP < 0.05 vs the cholestatic type DILI group; eP < 0.05 vs the mixed type DILI group. DILI: Drug-induced liver injury; PBC:
Primary biliary cirrhosis; TP: Total protein; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBIL: Total bilirubin; GGT:
Gamma glutamyl transferase; DBIL: Direct bilirubin; IBIL: Indirect bilirubin; ALP: Alkaline phosphatase.

in hepatocellular type DILI than in mixed type DILI,
cholestatic type DILI and PBC (P < 0.05). GGT rose
remarkably in the PBC group, which was significantly
higher than that in the hepatocellular type DILI group
(P < 0.05). TBIL, DBIL and IBIL significantly rose in
the cholestatic type group. Although ALP showed no
remarkable elevation in the hepatocellular type group,
it was elevated in the other three groups and showed
no significant difference among the three groups.
IgM, IgA and IgG were elevated in the PBC group,
with IgM having the most prominent rise. IgM, IgA
and IgG in the PBC group were significantly different
from those in the other three groups (P < 0.05)
(Tables 5 and 6). The positive rates of the majorities
of autoantibodies differed significantly between the
hepatocellular type DILI, cholestatic type DILI, mixed
type DILI, and PBC groups. Except for SMA and ANA
at a titer of 1:10000 (P = 0.797, 0.506), the positive
rates of other autoantibodies differed significantly
between the hepatocellular type DILI and PBC groups.
Except for AMA-M9, SMA and ANA at a titer of 1:100
(P = 0.306, 0.382, 0.531, 0.306), the positive rates

Table 6 Comparison of immunoglobulins between typed
drug-induced liver injury and primary biliary cirrhosis patients
(median)

Hepatocellular type DILI (n = 90)
Cholestatic type DILI (n = 20)
Mixed type DILI (n = 14)
PBC (n = 116)

IgG (g/L)

IgM (g/L)

IgA (g/L)

12.6 ± 5.2a
13.2 ± 5.7a
11.9 ± 4.7a
18.8 ± 7.7

1.1 ± 0.5a
1.3 ± 0.6a
1.1 ± 0.6a
4.4 ± 2.9

2.3 ± 1.0a
2.3 ± 1.2
2.1 ± 1.4
3.4 ± 1.5

a

P < 0.05 vs the PBC group. DILI: Drug-induced liver injury; PBC: Primary
biliary cirrhosis.

type, and 14 to the mixed type. AST, ALT, GGT, TBIL,
DBIL, IBIL, IgM, IgA and IgG differed significantly
between the hepatocellular type DILI, cholestatic type
DILI, mixed type DILI, and PBC groups, although ALB
showed no significant difference. AST, ALT, GGT, TBIL,
DBIL, and IBIL were elevated in all types of DILI and
PBC. AST and ALT were elevated more significantly
in mixed type DILI than in cholestatic type DILI and
PBC (P < 0.05). AST was elevated more significantly
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Table 7 Comparison of autoantibodies between typed drug-induced liver injury and primary biliary cirrhosis patients n (%)

Hepatocellular type DILI (n = 90)
Cholestatic type DILI (n = 20)
Mixed type DILI (n = 14)
PBC (n = 116)

Autoantibodies

ANA

AMA

SMA

AMA-M2

AMA-M4

AMA-M9

43 (47.7)a
10 (50.0)a
6 (42.8)a
106 (91.3)

41 (45.5)a
8 (40.0)a
6 (42.8)a
98 (84.4)

2 (2.22)a
2 (10.0)a
0a
98 (84.4)

2 (2.22)
1 (5.00)
1 (7.14)
2 (1.72)

2 (2.22)a
1 (5.00)a
0a
98 (84.4)

0a
0a
1 (7.14)
34 (29.3)

1 (1.11)a
1 (5.00)
1 (7.14)
19 (16.3)

a

P < 0.05 vs the PBC group. DILI: Drug-induced liver injury; PBC: Primary biliary cirrhosis; ANA: Antinuclear antibody; AMA: Antimitochondrial antibody;
SMA: Anti-smooth muscle antibody.

Table 8 Comparison of ANA at different titers between typed drug-induced liver injury and primary biliary cirrhosis patients n (%)

Hepatocellular type DILI (n = 90)
Cholestatic type DILI (n = 20)
Mixed type DILI (n = 14)
PBC (n = 116)

1:100

1:320

1:1000

1:3200

1:10000

34 (37.7)a
5 (25.0)
4 (28.5)
20 (17.2)

7 (7.77)a
2 (10.0)a
1 (7.14)
27 (23.2)

1 (1.11)a
0a
1 (7.14)
30 (25.8)

0a
1 (5.00)
0 (0.00)
19 (16.3)

0
0
0
2 (1.72)

a

P < 0.05 vs the PBC group. Since the number of cases with ANA at a titer of 1:10000 was 0 in the hepatocellular type DILI, cholestatic type DILI, and mixed
type DILI groups, comparisons between them cannot be done. DILI: Drug-induced liver injury; PBC: Primary biliary cirrhosis.

Figure 1 Liver histology of primary biliary cirrhosis (HE staining, × 200).

mainly as fatty degeneration of hepatocytes (n =
15), spotty necrosis or loss of hepatocytes (n = 14),
infiltration of mixed types of inflammatory cells (mainly
eosinophils and neutrophils) around hepatocytes (n
= 16), epithelioid granuloma (n = 1), hepatocellular
cholestasis (n = 9), and cholangiolitic cholestasis (n =
3) (Figures 1 and 2).

of other autoantibodies differed significantly between
the cholestatic type DILI and PBC groups. When
comparing the mixed type DILI and PBC groups,
AMA-M4, AMA-M9 and SMA (P = 0.111, 0.694, 0.292)
as well as ANA at different titers showed no significant
differences. The positive rates of autoantibodies did
not differ significantly between various types of DILI
(Tables 7 and 8).

DISCUSSION

Pathological examination

DILI is an iatrogenic form of liver injury caused directly
by drugs or their metabolites or hypersensitivity
to them in the process of drug therapy, frequently
occurring about 5-90 d after medication. In some
Western countries, DILI is an important cause of
[6,7]
acute liver failure
. The diagnosis of DILI is a
process of exclusion, in which medication history,
onset time after medication, duration, risk factors
for adverse drug reactions, drugs used, factors
that can result in exclusions, laboratory findings,
previously reported liver damage associated with the
drug use, and response to re-medication should be

Forty-eight PBC patients and 19 DILI patients under
went liver biopsy. Histologically, PBC manifested mainly
as edematous degeneration of hepatocytes (n = 30)
with cell necrosis (mainly spotty and patchy necrosis),
inflammatory cell infiltration around the bile ducts (n
= 29; the main infiltrating cell type was lymphocytes,
with plasma cells, eosinophils, and neutrophils visible),
atypical hyperplasia of small bile ducts (n = 28),
decreased number or disappearance of interlobular
bile ducts (n = 16), granulomatous changes (n =
11), cholestasis (n = 8), and fibrous hyperplasia and
expansion around bile ducts (n = 14). DILI manifested
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Figure 2 Liver histology of drug-induced liver injury (HE staining, × 200).
[2]

assessed to identify the possible causality . PBC is a
chronic, progressive, immune-mediated cholestatic
disease that occurs mainly in middle-aged women.
Characterized by AMA and (or) AMA-M2 positivity,
PBC manifests mainly as non-suppurative damage to
small intrahepatic bile ducts, portal area expansion,
inflammatory responses, and serious intrahepatic
cholestasis. Although the course of PBC is chronic, it
[8]
can eventually lead to liver fibrosis and cirrhosis . Risk
factors for DILI include gender, age, race, underlying
liver disease, alcohol consumption, combined drug
use, and genetic susceptibility. Women are susceptible
[9,10]
to DILI
. In the present study, it was found that
the proportion of women was 72.6% in DILI patients,
and 91.4% in PBC patients. The onset age was 48.43
± 14.3 years for DILI patients, and 56.89 ± 9.87
years for PBC patients. These findings are similar
to the mean onset age of DILI (approximately 45
years) and PBC (approximately 50 years) reported
in the literature, and in line with the characteristic of
woman susceptibility to DILI and PBC (approximately
[11,12]
90%)
. Our results showed that PBC had a more
significant preponderance of females, and most
patients had an onset age of 40 years or older and
younger patients were rare. In contrast, the onset age
of DILI had a large span: the youngest patient was 18
years old and the oldest was 81 years old. Young DILI
patients were not rare.
Biochemical tests showed that AST and ALT levels
were significantly higher in untyped DILI patients than
in patients with PBC, while ALP and GGT levels were
significantly higher in PBC patients than in patients with
DILI. This is because DILI is often the hepatocellular
type, which is characterized by significantly increased
aminotransferase levels and hepatocyte necrosis,
while PBC is characterized by severe cholestasis and
bile duct damage. Based on AST and ALP levels, DILI
is divided into the hepatocellular type, cholestatic
type and mixed type. Our results showed that the
proportion of the hepatocellular type was the highest
(72.5%), followed by the cholestatic type (16.1%) and
the mixed type (11.2%). This finding is consistent with
the DILI typing results of some studies, which also
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showed that hepatocellular type is the most common
type of DILI. In the present study, the mixed type
had more severe liver injury than the other types,
the hepatocellular type and mixed group had more
significant AST and ALT elevations than cholestatic
type DILI and PBC, bilirubin was significantly higher
in the mixed group than in the other three groups,
and GGT and ALP in the mixed type and cholestatic
type DILI groups were not significantly different from
those in the PBC group, but significantly differed
from those in the hepatocellular type group. Some
studies reported that mixed type DILI is in essence
within the category of cholestatic type DILI, because
they can change into each other in the course of the
disease, and have a greater chance of chronicity than
[13]
the hepatocellular type . Some drugs (amoxicillinclavulanic acid, erythromycin estolate, chlorpromazine,
carbamazepine, trimethoprim-sulfamethoxazole,
oral contraceptives, etc.) can activate the immune
mechanism of the liver, and if not promptly withdrawn,
they can lead to chronic liver injury, such as non[6]
suppurative cholangitis, which is similar to PBC .
This study found that mixed type DILI and PBC had
significant differences in elevated transaminases and
bilirubin, while cholestatic type DILI and PBC had
no significant differences in all biochemical indexes
except total protein. Given that DILI patients may
also test positive for autoantibodies and there have
been reports that DILI can progress into PBC and AIH
[14]
(autoimmune hepatitis)-PBC overlap syndrome or
[15]
PBC was misdiagnosed as DILI , clinicians should
pay more attention to the differential diagnosis of DILI
from PBC in clinical practice.
With regards to immunological indexes, IgG,
IgM and IgA showed no significant elevations in
untyped DILI and all three types of DILI, while these
immunoglobulins were significantly elevated in the PBC
group, with IgM having the most prominent elevation.
This conforms to the characteristic of PBC that IgM
has an obvious rise, which is helpful in differentiating
PBC and DILI. Drug induced hepatotoxicity is generally
divided into two categories: predictable and nonpredictable. Predictable DILI is often due to direct toxic
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effects of drug themselves or their metabolites on liver
cells. Non-predictable DILI is caused by specific or
[16,17]
non-specific immune responses induced by drugs
,
which result in the recognition of specific drug related
antigens and make certain autoantibodies such as
anti-liver-kidney microsomal antibody, anti-parietal cell
antibody, anti-liver cytosol antibody type 1, SMA and
[18]
ANA become positive . Most scholars believe that the
immune mechanism of pathogenesis of PBC involves
the breakdown of the body’s immune tolerance and
the loss of ability to tolerate auto-antigens. As a result,
the immune system continuously attacks intrahepatic
bile ducts, thereby resulting in cholangitis and
cholestasis. AMA and (or) AMA-M2 antibodies are the
[19]
most typical examples . In contrast, autoantibodies
in DILI may not be a cause of liver damage, but may
[18]
be the result of liver damage . In most cases of DILI,
autoantibodies disappeared or showed a reduction in
titer in the process of liver repair, which is a different
feature from autoantibodies in PBC. The present study
showed that ANA positivity was most common in DILI
patients, and a few cases tested positive for AMA, SMA,
AMA-M2, AMA-M4, AMA-M9, although most of the
cases were weakly positive. In contrast, PBC patients
were positive mainly for ANA, AMA, and AMA-M2,
and the majority of cases showed strong positivity
and had high titer antibodies. The positive rates of
all autoantibodies except ANA at a titer of 1:10000
exhibited significant differences between uptyped DILI
and PBC. There were no significant differences in all
autoantibodies between different types of DILI, and
DILI of various types showed no significant differences
from PBC in the positive rates of SMA and ANA at
a titer of 1:10000. Mixed type and cholestatic type
DILI were more similar to PBC in the positive rates
of autoantibodies, and this may be because there
were fewer cases of mixed type and cholestatic type
DILI. In this study, the majority of DILI patients who
tested positive for some autoantibodies underwent
liver biopsy to achieve a clear diagnosis on the basis of
medication history. For patients who were negative for
PBC specific autoantibodies, liver biopsy was required
to obtain a definite diagnosis. This suggests that liver
biopsy is helpful to differentiate between DILI and PBC.
For DILI patients who are positive for autoantibodies,
regular monitoring of autoantibodies and biochemical
indexes is necessary to detect the possibility of
progressing to autoimmune liver disease.
Pathological analysis showed that both DILI and
PBC had varying degrees of hepatocyte necrosis,
edema, inflammatory cell infiltration and cholestasis,
but DILI mainly manifested as eosinophil and neutrophil
infiltration, cholangiolitic and hepatocellular cholestasis,
while PBC was characterized by lymphocyte infiltration
around bile ducts and cholestasis, destruction, pro
gressive reduction and disappearance, and fibrosis of
small bile ducts. Pathologically, DILI was characterized
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mainly by epithelioid granuloma, eosinophil infiltration
around hepatocytes, and hepatocyte necrosis or loss.
DILI with cholangiolitic cholestasis rarely progressed to
vanishing bile duct syndrome. The features that PBC
patients often test positive for specific autoantibodies,
the liver function of DILI patients frequently recovers
after the cessation of drugs, and very few DILI cases
are complicated with other autoimmune diseases such
[20]
as Hashimoto’s thyroiditis and Sjogren’s syndrome
provide powerful evidence for differentiating DILI and
PBC.
With the increase in the type of drugs, more and
more DILI cases have increasingly been caused. The
improvement in PBC diagnostic standards, advances in
diagnostic technology and wide use of liver biochemistry
tests in China have resulted in increasing annual
detection rates of DILI. However, there have been
no diagnostic gold standards for DILI so far. Since
DILI often exhibits similar clinical manifestations and
biochemical findings to PBC, and both DILI and PBC
patients may be positive for some autoantibodies
and only show mild early symptoms or biochemical
abnormalities in physical examination, the differential
diagnosis of PBC and DILI is difficult in some cases.
Given that there have currently been few studies on
the differential diagnosis of PBC and DILI, this study
analyzed the clinical data for PBC patients and typed
and untyped DILI patients to summarize and compare
their clinical characteristics, with an aim to provides
useful information for the diagnosis and differential
diagnosis of the two diseases. However, the total
number of DILI patients and the number of pathological
samples were not large enough, and the sample size for
different types of DILI was small. Future larger-sample
studies will be required to address this issue.

COMMENTS
COMMENTS
Background

With the continuous improvement of diagnostic techniques, the incidence of
primary biliary cirrhosis (PBC) as a kind of autoimmune liver disease, is also
increasing. PBC and drug-induced liver injury (DILI) may appear similar clinical
manifestations, yellow dye, fatigue, anorexia, abdominal discomfort, etc. PBC
mostly shows a chronic course of disease. In diagnosis, PBC is mainly based
on the abnormal liver function and many kinds of autoantibodies, but few
patient may have negative autoantibodies. Some DILI patients may be antibody
positive, and about 20%-25% of DILI cases belong to cholestatic liver disease.
So it is difficult to distinguish between PBC and DILI.

Research frontiers

There have been few reports on the diagnosis and differential diagnosis of PBC
and DILI. From the current report, DILI and PBC share some similar laboratory
tests (biochemical and immunological indexes) and pathological findings. The
result of this study contribute to the differential diagnosis of the two diseases.

Innovations and breakthroughs

Detection of biochemical indexes and immunology indexes in DILI (before
and after typing) and PBC was very useful. By comparison, differences in
both biochemical indexes (TP, AST, ALT, ALP, TBIL, DBIL, GGT, and IBIL) and
immunological indexes (IgA, IgG, IgM, ANA, and AMA) were statistically significant.
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Applications

This study suggests that detection of biochemical indexes (TP, AST, ALT, ALP,
TBIL, DBIL, GGT, and IBIL) and immunological indexes is useful for diagnosing
DILI and PBC.

9

Terminology

DILI is an iatrogenic form of liver injury caused directly by drugs or their
metabolites or hypersensitivity to them in the process of drug therapy, frequently
occurring about 5-90 d after medication. PBC is a chronic, progressive,
immune-mediated cholestatic disease that occurs mainly in middle-aged
women. Characterized by AMA and (or) AMA-M2 positivity, PBC manifests
mainly as non-suppurative damage to small intrahepatic bile ducts, portal area
expansion, inflammatory responses, and serious intrahepatic cholestasis.

10

11

Peer-review

In this manuscript, the authors analyzed the clinical characteristics of DILI and
PBC. Although DILI and PBC share some similar laboratory tests (biochemical
and immunological indexes) and pathological findings, they also show some
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two diseases. Over all, this study is well designed and the manuscript is well
written.
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Core tip: Antibiotic resistance is the main cause of
failure in the treatment of Helicobacter pylori (H.
pylori ) infection. Using molecular methods, this study
investigated bacterial resistance to clarithromycin and
fluoroquinolones in 490 adult patients recruited from
five regions in Brazil. These patients had never been
previously treated for H. pylori infection. Clarithromycin
and fluoroquinolone resistance was found in 16.9%
and 13.5% of patients, respectively. Resistance to
both drugs was found in 4.3% of patients. The mean
primary H. pylori clarithromycin resistance rate in Brazil
is at the borderline for applying the standard triple
therapy, and the primary fluoroquinolone resistance
rate is concerning.

Abstract
AIM
To evaluate bacterial resistance to clarithromycin and
fluoroquinolones in Brazil using molecular methods.
METHODS
The primary antibiotic resistance rates of Helicobacter
pylori (H. pylori ) were determined from November
2012 to March 2015 in the Southern, South-Eastern,
Northern, North-Eastern, and Central-Western regions
of Brazil. Four hundred ninety H. pylori patients [66%
female, mean age 43 years (range: 18-79)] who had
never been previously treated for this infection were
enrolled. All patients underwent gastroscopy with
antrum and corpus biopsies and molecular testing using
GenoType HelicoDR (Hain Life Science, Germany). This
test was performed to detect the presence of H. pylori
and to identify point mutations in the genes responsible
for clarithromycin and fluoroquinolone resistance. The
molecular procedure was divided into three steps: DNA
extraction from the biopsies, multiplex amplification,
and reverse hybridization.
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RESULTS
Clarithromycin resistance was found in 83 (16.9%)
patients, and fluoroquinolone resistance was found
in 66 (13.5%) patients. There was no statistical
difference in resistance to either clarithromycin or
fluoroquinolones (p = 0.55 and p = 0.06, respectively)
among the different regions of Brazil. Dual resistance
to clarithromycin and fluoroquinolones was found in
4.3% (21/490) of patients. The A2147G mutation was
present in 90.4% (75/83), A2146G in 16.9% (14/83)
and A2146C in 3.6% (3/83) of clarithromycin-resistant
patients. In 10.8% (9/83) of clarithromycin-resistant
samples, more than 01 mutation in the 23S rRNA gene
was noticed. In fluoroquinolone-resistant samples,
37.9% (25/66) showed mutations not specified by
the GenoType HelicoDR test. D91N mutation was
observed in 34.8% (23/66), D91G in 18.1% (12/66),
N87K in 16.6% (11/66) and D91Y in 13.6% (9/66)
of cases. Among fluoroquinolone-resistant samples,
37.9% (25/66) showed mutations not specified by the
GenoType HelicoDR test.

INTRODUCTION
Helicobacter pylori (H. pylori) is the main etiologic agent
of peptic ulcer and is recognized as the most important
risk factor for adenocarcinoma and lymphoma of the
[1]
mucosa-associated lymphoid tissue (MALT) . Triple
therapy, in which a combination of two antibiotics
(amoxicillin and clarithromycin) and a proton pump
inhibitor (PPI) is administered for 7 to 14 d, has been
demonstrated to be an effective H. pylori infection
treatment in different meta-analyses and has been
recommended in national and international consensus
[2-5]
meetings
. This regimen has, however, exhibi
ted decreased effectiveness in recent years, with
eradication rates lower than 80%, as reported in dif
[6,7]
ferent studies .
Although factors including the lack of compliance,
lifestyle habits such as smoking, Cag-negative strains,
CYP2C19 genetic polymorphisms, altered immunity, and
elevated bacterial load may all contribute to therapy
failure, the main factor that causes therapy failure
is bacterial resistance, especially to clarithromycin,
[8,9]
metronidazole, and fluoroquinolones . Similar to other
bacterial species (e.g., Mycobacterium tuberculosis),
H. pylori acquires antibiotic resistance by chromosomal
[10]
mutations, not by acquiring plasmids . Although drug
efflux proteins can contribute to the natural insensitivity
to antibiotics and emerging antibiotic resistance, the
main mechanism that contributes to H. pylori resistance

CONCLUSION
The H. pylori clarithromycin resistance rate in Brazil is
at the borderline (15%-20%) for applying the standard
triple therapy. The fluoroquinolone resistance rate
(13.5%) is equally concerning.
Key words: Helicobacter pylori ; Microbial drug resistance;
Clarithromycin; Fluoroquinolones; Molecular diagnostic
techniques
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[9-12]

is vertically transmitted point mutations in the DNA
.
Clarithromycin interacts with the peptidyl transferase
in domain V of the 23S rRNA subunit, an interaction
that suppresses bacterial ribosome activity and inhibits
[9]
protein synthesis . Point mutations at positions 2146
and 2147, formerly known as 2142 and 2143 (the
numeration is from genome sequencing of GenBank
[13]
NC000921 - J99 and NC000915 - HP 26695) ,
of the 23S rRNA gene have been shown to lead
to a modification in ribosome conformation, which
consequently reduces clarithromycin affinity and leads
[9]
to bacterial resistance to the drug . Three major point
mutations in the 23S rRNA gene have been described
to be responsible for over 90% of clarithromycin
[7]
resistance cases observed in occidental countries .
These are A2146C (point mutation at position 2146
by substitution of adenine for cytosine), A2146G
(point mutation at position 2146 by substitution of
adenine for guanine), and A2147G (point mutation at
position 2147 by substitution of adenine for guanine).
Quinolone resistance on the other hand develops
following point mutations in the DNA-gyrase enzyme
[9]
involved in bacterial DNA replication . H. pylori DNA
gyrase comprises two subunits (gyrA and gyrB), and
the mutations are found in a specific region of the
gyrA gene called the quinolone resistance-determining
region. Eleven mutations have been described, and
[9]
these occur in codons 86, 87, 88, and 91 . The most
frequently encountered mutations occur in codons 87
[9,14,15]
and 91
, and these have been shown to be present
[16-18]
in 80% to 100% of antibiotic resistance cases
.
H. pylori antimicrobial resistance can be investi
gated in the laboratory by phenotypic and genotypic
[7]
methods . Bacterial culture and determination of the
minimum inhibitory concentration (MIC) of the antibiotic
are characteristics of the phenotypic method. In addition
to providing a definite diagnosis of the infection, the
phenotypic method also allows for drug sensitivity to
be determined. Bacteria are, however, rarely cultured
in medical practices due to the special care required in
the transport of samples, the fastidious growth nature
of H. pylori, and the need for appropriate culture media,
[7]
which are most often unavailable .
Genotypic methods such as PCR, on the other
hand, are increasingly used for bacterial detection
[9]
and identification of point mutations . European
studies have recently validated a new molecular test
that combines PCR and hybridization, allowing for the
rapid detection of bacterial resistance to both clarithro
[13,19]
mycin and fluoroquinolones
. This novel GenoType
HelicoDR (Hain Life Science, Germany) test involves a
DNA strip coated with different specific primers (probes)
designed to hybridize with the wild-type allele or reveal
[13]
mutant sequences . This method is faster than the
phenotypic method and can be performed directly
from endoscopic gastric biopsies, making the prior
[9]
culture of the microorganism unnecessary .
Taking into consideration that primary resistance
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to H. pylori is a major factor for treatment failure
in first-line H. pylori regimens, the Maastricht IV H.
pylori Consensus Report recommends that the (PPI)
clarithromycin-containing triple therapy, without prior
susceptibility testing, should be abandoned when the
clarithromycin resistance rate in the region is over
[4]
15%-20% . Fluoroquinolones should be reserved
for cases of retreatment or employed in high primary
[4]
clarithromycin resistance areas . However, the success
of quinolones also decreases when there is bacterial
resistance. It is important for clinicians to know the local
prevalences of H. pylori resistance to clarithromycin
and fluoroquinolones so that they can select the most
appropriate H. pylori regime in first- and second-line
eradication treatments. Therefore, the aim of this
study was to assess the prevalence of primary H. pylori
resistance to clarithromycin and fluoroquinolones in a
large Brazilian population using the molecular GenoType
HelicoDR test on gastric biopsy specimens.

MATERIALS AND METHODS
Patients

A multicenter study including the Southern (Porto
Alegre, RS, Brazil), South-Eastern (Belo Horizonte,
MG, Brazil), Northern (Manaus, AM, Brazil), NorthEastern (Salvador, BA and Maceio, AL, Brazil), and
Central-Western (Goiania, GO, Brazil) regions of
Brazil was designed. The recruitment of participants
was proportional to the populations of the regions. A
common protocol was adopted after approval by the
Human Research Ethical Committee at all participant
centers, and written consent was obtained prior to
entering the study. From November 2012 through
March 2015, enrolled patients never previously treated
for H. pylori infection were submitted to diagnostic
endoscopy and tested for H. pylori infection due to
abdominal symptoms. All participants tested positive
for H. pylori by a previously validated rapid serological
test (Abon Biopharm, Hangzhou, China) performed
[20]
immediately before the endoscopy .

Endoscopy and gastric biopsies

Four gastric biopsies (two from the antrum and two
from the corpus) were taken during the endoscopy
and were immediately immersed in micro-tubes
®
containing RNAlater (Ambion, Cat. # AM7020, United
States), a solution that promotes immediate RNA
stabilization and protection, thereby minimizing the
need to immediately process the tissue samples. The
samples were kept in a refrigerator at 4 ℃ before they
were sent to the central laboratory of the study in Belo
Horizonte where they were weighed and then frozen at
-80 ℃ until the molecular tests were performed.

Molecular diagnostic technique

The molecular test GenoType HelicoDR was designed to
identify the mutations A2146C, A2146G, and A2147G
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Table 1 Distribution of patients by sampling region, gender, and age
Brazil - Region
Northern (n = 36)
North-Eastern (n = 138)
Central-Western (n = 26)
South-Eastern (n = 217)
Southern (n = 73)
Total (n = 490)

Distribution by gender

Distribution by age

(% of females)

(average; minimum and maximum)

22 F; 14 M (61.1%)
89 F; 49 M (64.5%)
13 F; 13 M (50.0%)
145 F; 72 M (66.8%)
45 F; 28 M (61.6%)
314 F; 176 M (64.1%)

41.4 (21-71)
37.7 (18-75)
41.3 (21-65)
40.6 (19-76)
58.0 (23-79)
42.4 (18-79)

F: Female; M: Male.

Table 2 Prevalence of H. pylori resistance to clarithromycin and fluoroquinolones in each region

Clarithromycin resistance
Fluoroquinolones resistance

Northern
(n = 36)

North-Eastern
(n = 138)

16.6%
2.7%

14.5%
13.7%

Central-Western South-Eastern
(n = 26)
(n = 217)
19.2%
15.4%

in the 23S rRNA gene and N87K, D91N, D91G, and
D91Y in the gyrA gene. The test was divided into three
steps: DNA extraction from the biopsy samples using
the validated QIAmp DNA Mini Kit (Qiagen, Benelux,
The Netherlands), multiplex amplification with biotiny
lated primers, and reverse hybridization using a
specific incubator according to the manufacturer’s
instructions. The hybridization was performed on strips
prepared at the Hain Lifescience factory that were
coated with different specific oligonucleotides (DNA
probes) using DNA strip technology.
Results regarding H. pylori detection and sus
ceptibility to clarithromycin and fluoroquinolones
were obtained by analyzing the positive and negative
bands on the DNA strips. The most frequent mutations
involved in resistance to the two antibiotics were also
evaluated.

P value

Total (n = 490)

19.1%
16.4%

0.55
0.06

16.9% (95%CI: 13.7%-20.6%)
13.5% (95%CI: 10.6%-16.8%)

Northern, and 5 from the Central-Western regions)
or the absence of a gyrA band (8 cases: 5 from the
Central-Western, 1 from the Northern, 1 from the
North-Eastern, and 1 from the Southern regions). The
distribution of the remaining 490 patients according to
gender, region, and age is shown in Table 1.
Clarithromycin and fluoroquinolone resistance
were observed in 83 (16.9%; 95%CI: 13.7%-20.6%)
and 66 (13.5%; 95%CI: 10.6%-16.8%) patients,
respectively. Among the different centers, the
rates of resistance ranged from 14.5% to 19.2%
for clarithromycin and from 2.7% to 16.4% for
fluoroquinolones. The differences were however not
statistically significant for either the resistance ratios
or H. pylori susceptibility (p = 0.55 and p = 0.06,
respectively). Table 2 shows the results of general
antibiotics resistance in each evaluated region.
More than one hybridization band (characterizing
heterogeneous strains) was observed in the genes of
124 patients (25.3%): 11 patients for both the 23S
and gyrA genes, 61 patients for the 23S gene, and 74
patients for the gyrA gene.
Resistance to clarithromycin was statistically
significantly higher in women than in men (OR = 2.3,
95%CI: 1.3-4.0, P = 0.003). No statistically significant
differences in fluoroquinolones resistance were found
in the distribution between genders (P = 0.073).
In relation to age, no statistically significant
differences were identified between patients with
strains sensitive and resistant to clarithromycin (p =
0.796) and to fluoroquinolones (p = 0.176).
Among the 83 clarithromycin-resistant samples,
74.7% (62/83) exhibited heterogeneity in the
23S rRNA gene, 57.8% (48/83) in the gyrA gene,
and 13.2% (11/83) in both genes. Among the 66
fluoroquinolone-resistant samples, 69.7% (46/66)
exhibited heterogeneity in the gyrA gene, 22.7%
(15/66) in the 23S rRNA gene, and 10.6% (7/66) in
both genes.

Statistical analysis

Descriptive statistics techniques, including central
tendency and variability measures, were employed.
The association between resistance/susceptibility
to antimicrobials and the gender of the patients
was evaluated using Fisher’s Exact Test, and the as
sociation between resistance and age was evaluate,
using Student’s t-test. Resistance rates between
regions were compared using Fisher’s exact test. The
odds ratios and 95% confidence intervals (CI) were
used as risk estimates, and statistical significance was
recognized at p < 0.05. The 22.0 version of IBM SPSS
Statistics was used for the statistical calculations.

RESULTS
Five hundred nineteen patients were initially recruited
for this study. Twenty-nine of them were subsequently
excluded due to either the absence of H. pylori in
the hybridization method (21 cases: 3 from the
North-Eastern, 8 from the South-Eastern, 5 from the
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17.5%
13.8%

Southern
(n = 73)
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Table 3 Distribution of mutations in the 23S gene in each region
Brazil - Region
MUT11
MUT22
MUT33
MUT2 + MUT3
MUT1 + MUT3
MUT1 + MUT2 + MUT3
Total mutations

Northern

North-Eastern

Central-Western

South-Eastern

Southern

Total

6
6

3
1
18
1
1
24

2
5
2
9

8
1
32
1
3
45

1
1
14
1
17

14
3
75
2
6
1
101

1

Mutation A2146G; 2Mutation A2146C; 3Mutation A2147G.

Table 4 Distribution of mutations in the gyrA gene in each region
Region
Codon 87 mutant
No ident1
Gyr87 MUT2
Total
Codon 91 mutant
No ident1
MUT13
MUT24
MUT35
Total
Multiple mutations in codon 91
MUT1 + MUT3
MUT1 + MUT2
MUT1 + MUT2 + MUT3
Total
Codons 87 + 91 mutants
Total mutations

Northern

North-Eastern

Central-Western

South-Eastern

Southern

Total

1
1

6
4
10

1
1

10
4
14

2
2
4

19
11
30

-

2
7
2
1
12

2
1
3

4
9
7
4
24

2
5
3
3
13

8
23
12
9
52

-

1
1
2
22

1
1
4

3
1
4
3
38

2
1

4
4
1
9
7
82

1

3
2
17

1

Mutant codon not specified; 2Mutation at codon N87K, nucleotide AAA; 3Mutation at codon D91N, nucleotide AAT; 4Mutation at codon D91G, nucleotide
GGT; 5Mutation at codon D91Y, nucleotide TAT.

Heteroresistance (wild-type band and mutant band
in the same studied codon) was identified in 73.5%
(61/83) of the clarithromycin-resistant samples and
in 51.5% (34/66) of the fluoroquinolone-resistant
samples.
In 37.9% (25/66) of patients whose samples were
resistant to fluoroquinolones, mutations that were
not specified by the GenoType HelicoDR test were
found. There was an absence of both wild-type and
mutant bands in codon 87 for 19 patients, as well as
in codon 91 for 8 patients. Among these, 2 patients
also exhibited the absence of bands in codon 87.
After analyzing the above data by sampling region,
3 samples were from the South, 8 were from the
North-Eastern, 13 were from the Southeast, and 1
was from the Central-Western. Six patients exhibited
both clarithromycin and fluoroquinolone resistance.
However, only the gyrA gene was involved in the nonspecified mutation.
The most common mutation in the 23S rRNA
gene was A2147G, present in 90.4% (75/83) of
clarithromycin-resistant patients. The second most
common mutation in the gene was A2146G, present
in 16.9% (14/83) of mutations, and the third most
common mutation was A2146C, present in 3.6% (3/83)
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clarithromycin-resistant patients (Table 3). In 10.8%
(9/83) of clarithromycin-resistant samples, more than
one mutation in the 23S rRNA gene was found, which
might indicate cases of co-infection or two different
mutations in the same strain. Among fluoroquinoloneresistant samples, 37.9% (25/66) showed mutations
not specified by the GenoType HelicoDR test. The
D91N mutation was observed in 34.8% (23/66)
of cases, D91G in 18.1% (12/66), N87K in 16.6%
(11/66), and D91Y in 13.6% (9/66). In 24.2% (16/66)
of the resistant cases, there was more than one
mutation involved; 13.6% (9/66) of resistant cases
had more than one mutation in codon 91, and 10.6%
(7/66) of cases had mutations in both codons 87 and
91 (Table 4).
Resistance to both antimicrobials in the same
sample was found in 4.3% (21/490) of the cases. On
the other hand, 73.9% (362/490) of the samples did
not show resistance to any of the drugs tested.

DISCUSSION
Despite the knowledge accumulated regarding H.
pylori infection, the therapeutic arsenal remains limited
to a few drugs, and the eradication rates of the classic
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triple therapy have exhibited a downward trend in the
[6,7,21]
Western world
. Following proper adherence to
the treatment, H. pylori resistance to antimicrobials
[7]
is the main factor associated with treatment failure .
For this reason, knowing the local profile of H. pylori
resistance may help in the selection of antimicrobials
to optimize treatment for eradication.
Because the phenotypic methods present logistical
difficulties for use in routine daily practice, validated and
accurate molecular methods have become valuable tools
[13,21,22]
in the evaluation of resistance to antimicrobials
.
In this study, we used the easy to perform GenoType
HelicoDR test. The equipment for carrying out this
test is usually already available in molecular biology
[18]
laboratories . Comparative studies carried out in
different countries, including Brazil, reported agreement
above 90% between the phenotypic and genotypic
[13,19,22-24]
methods
.
This is the first study conducted in Brazil in which
H. pylori genotypic resistance to clarithromycin and
fluoroquinolones was evaluated in different regions of
the country. The rate of resistance to clarithromycin
found in our study (16.9%) is high but is still acceptable
for the empirical use of clarithromycin-based regimens.
The resistance rate to fluoroquinolones (13.5%) is
also a concern for its use in empirical second-line
regimens for eradicating H. pylori. The finding that
women had a higher prevalence of primary resistance
to clarithromycin in our study corroborates the values
[25,26]
reported in other studies
. There is speculation that
cross-resistance caused by previous use of macrolides
may be related to the higher H. pylori clarithromycin
resistance rate among women, as women generally
[27]
consume more antibiotics than men . Considering
the high rates of metronidazole resistance observed in
[28,29]
Brazil
our findings suggest that the association of
this agent with clarithromycin or fluoroquinolones could
promote reduction in the H. pylori eradication rates.
Despite not being the objective of the study,
considering the study design, sample size calculation,
and convenience samples, the study found no
statistically significant differences between the various
collection centers regarding the resistance ratios and
H. pylori susceptibility (p > 0.05) to clarithromycin
and fluoroquinolones in the huge Brazilian territory.
However, specially designed studies for this purpose
are still required.
In Brazil, only unicentric studies have been con
ducted to evaluate the primary resistance to anti-H.
pylori agents, with varying results. Primary resistance
rates to clarithromycin have ranged from 8% to 16%
[28,29]
in South-Eastern Brazil using phenotypic methods
.
A study carried out in North-Eastern Brazil reported
a primary resistance rate of 16.5% using phenotypic
[23]
and genotypic methods . The primary resistance rate
to fluoroquinolones has ranged from 11% (genotypic
[30]
method)
to 23% (phenotypic method) in South[31]
Eastern Brazil . The differences between the rates

WJG|www.wjgnet.com

found in previous unicentric studies and in the present
work may be attributed to differences in sample size,
[32]
presence of heteroresistance , and overall differences
in the history of previous antimicrobial consumption in
[33]
the studied regions .
In clarithromycin-resistant samples, the A2147G
mutation (90.4%) was prevalent, as was found in
[23,28]
previous Brazilian studies
and in studies in other
[13]
countries, such as France (83.5%)
and Belgium
[19]
(80%) . Among the 13.5% (66/490) fluoroquinoloneresistant samples studied, 37.9% (25/66) presented
a mutant codon that could not be identified by the
GenoType HelicoDR method, and the D91N mutation
was found in 34.8% (23/66) of samples.
Although there are no molecular studies with
information on the distribution profile of gyrA gene
mutations in Brazil, a recent Colombian study
identified the following as major mutations: N87I
[34]
(47.2%), D91N (30.1%), and N87K (13.2%) . It
can be speculated that the 37.9% of fluoroquinoloneresistant samples that were not specified by the
method used in this study may represent the N87I
mutation, which was predominant in the Colombian
study and is not detected in the GenoTtype HelicoDR
test. The proportions of the D91N and N87K mutations
found in this study are similar to those observed in
Colombia. Such findings reinforce the need for studies
to investigate the regional variations in the mutation
pattern of the gyrA gene. In samples with gyrA
heterogeneity (mixture of wild-type and/or mutant
bands), a high resistance rate (43.2%) was found,
and it is likely that this polymorphism may represent
[35]
different stages in the development of mutations .
Our study also identified the occurrence of multiple
mutations for fluoroquinolones and clarithromycin. We
observed multiple mutations for fluoroquinolones in
21.9% of samples (codons 87 and 91 or more than
one mutation in codon 91), which are essentially the
result of a variety of point mutations in several loci of
the gyrA gene. The presence of multiple mutations
in the 23S rRNA gene for clarithromycin was found
in 8.9% of the samples. Similar results were also
reported in Belgium, where multiple mutations were
found in 25% of samples for fluoroquinolones and
[19]
12% for clarithromycin . Finally, simultaneous
resistance to both antibiotics was unusual (4.3%) in
our study, similar to what was reported in South Africa
[22]
[36]
[37]
(2.5%) , Hong Kong (3.7%) , Italy (1.6%) , and
[38]
Spain (4%) .
In conclusion, the mean primary H. pylori clari
thromycin resistance rate in Brazil is situated at the
borderline (15%-20%) for applying the standard triple
therapy. The primary fluoroquinolone resistance rate is
also of growing concern. The genotypic method used
is available, fast, and offers acceptable transportation
conditions, and it can be used for continuous surveil
lance for the proper selection of drugs for anti-H. pylori
therapy in different regions.
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Abstract

Institutional review board statement: Non-identifiable
data was gathered as part of the EuroALF registry. The study
was performed with the approval of the local research ethics
committee.

AIM
To assess the practice of caring for acute liver failure
(ALF) patients in varying geographic locations and
medical centers.

Informed consent statement: Survey - the participants are
EUROALF members listed in appendix A. Informed consent
waiver was obtained.

METHODS
Members of the European Acute Liver Failure Consortium
completed an 88-item questionnaire detailing mana
gement of ALF. Responses from 22 transplantation
centers in 11 countries were analyzed, treating between
300 and 500 ALF cases and performing over 100
liver transplants (LT) for ALF annually. The questions
pertained to details of the institution and their clinical
activity, standards of care, referral and admission, wardbased care versus intensive care unit (ICU) as well as
questions regarding liver transplantation - including
criteria, limitations, and perceived performance. Clinical
data was also collected from 13 centres over a 3 mo
period.

Conflict-of-interest statement: The authors declare no conflict
of interest related to this publication.
Data sharing statement: Technical appendix, statistical code,
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RESULTS
The interval between referral and admission of ALF
patients to specialized units was usually less than 24 h
and once admitted, treatment was provided by a
multidisciplinary team. Principles of care of patients
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resulting in rapid loss of hepatocyte function in a pa
[1]
tient without preexisting liver disease . ALF accounts
for 5%-7% of liver transplantations annually and its
[2]
incidence rate is < 10 cases per million population .
ALF carries high morbidity and mortality, which
[3]
often exceeded 90% in the pre-transplant era . The
introduction of liver transplantation (LT), along with
changing patterns of etiology, has markedly increased
[4]
short-term survival , but the treatment of ALF remains
challenging. The rarity of ALF and its unpredictable
course make it a difficult entity to study and treat. Only
a few small, randomized controlled trials dealing with
standard treatment have been performed in patients
with ALF. As a result, many interventions continue to be
administered on an intuitive basis or are adopted from
other critical care settings. Familiarity with current reallife clinical practice is necessary to establish an outline
for future therapeutic studies. We performed a survey
among the European Acute Liver Failure (EUROALF)
consortium members relating to medical ward and
intensive care unit (ICU) management of ALF patients,
assessing similarities and differences in management
of these patients. Our findings show large variations
in management among centers and call for urgent
standardization of care. Furthermore, these findings
identify opportunities for future interventional clinical
trials.

with ALF were similar among centers, particularly in
relation to recognition of severity and care of the more
critically ill. Centers exhibited similarities in thresholds
for ICU admission and management of severe hepatic
encephalopathy. Over 80% of centers administered
n-acetyl-cysteine to ICU patients for non-paracetamolrelated ALF. There was significant divergence in the use
of prophylactic antibiotics and anti-fungals, lactulose,
nutritional support and imaging investigations in
admitted patients and in the monitoring and treatment
of intra-cranial pressure (ICP). ICP monitoring was
employed in 12 centers, with the most common
indications being papilledema and renal failure. Most
patients listed for transplantation underwent surgery
within an average waiting time of 1-2 d. Over a
period of 3 mo clinical data from 85 ALF patients was
collected. Overall patient survival at 90-d was 76%.
Thirty six percent of patients underwent emergency
LT, with a 90% post transplant survival to hospital
discharge, 42% survived with medical management
alone.
CONCLUSION
Alongside similarities in principles of care of ALF
patients, major areas of divergence were present in key
areas of diagnosis, monitoring, treatment and decision
to transplant.
Key words: Acute liver failure; Liver transplantation;
Intra-cranial pressure; Hepatic encephalopathy

MATERIALS AND METHODS

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

The EUROALF study group is an international consor
tium of 22 medical centers in 11 countries established
in 2010 (For details of the consortium see www.
medscinet.net/euroalf). A shared registry of ALF cases
was developed, containing over 400 cases to date. ALF
cases entered in to the registry are defined as marked
hepatic synthetic dysfunction in patients with no
previously known liver disease.
In order to survey clinical practices in ALF, an
88-item questionnaire was sent to the EUROALF
consortium members (Appendix A). The first set of
questions pertained to details of the institution and
extent of clinical activity. The following sections referred
to standards of care, including issues of referral and
admission and ward versus ICU based care (triggers for
admission, drug therapy, imaging studies, coagulation
studies, renal replacement therapy, nutritional support,
utilization of blood products etc.). The last section
referred to liver transplantation (criteria and limitations,
and perceived performance). Requested answers were
oriented (different items to choose from), quantitative (a
0-100% scale) or open-ended (choice of words by the
participant) (Appendix B).
Data regarding the “real-life” experience of 13
centers in 7 countries treating patients with ALF was
collected over a 3 mo period (January- March 2009).
All centres have an established programme of LT and
ALF management. ALF was classified as being present
in patients without clinical, histological or radiological

Core tip: Acute liver failure is rare, but carries high
mortality and resource use. Standard of care and clinical
practice varies between centers. In a survey conducted
among members of the European-Acute-Liver-Failure
consortium we have identified similarities in principles of
care, including basic clinical management, recognition
of severity and care of critically ill patients. Major areas
of divergence were pre-intensive care unit (ICU) care
and elements of ICU care. Further research is required
regarding intra-cranial pressure monitoring and therapy,
prophylactic antibiotics and anti-fungals, and liver
support systems; we also identified a great need for
improving prognostic evaluation for liver transplantation
and refinement of transplantation criteria.
Rabinowich L, Wendon J, Bernal W, Shibolet O. Clinical
management of acute liver failure: Results of an international
multi-center survey. World J Gastroenterol 2016; 22(33):
7595-7603 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i33/7595.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i33.7595

INTRODUCTION
Acute liver failure (ALF) is a rare clinical syndrome
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Number of centers (n )

A

8
6

The responses of 22 centers in 11 countries were
analyzed (Appendix A). Nineteen centers (86.4%)
had > 500 inpatients beds, with 10 (45.5%) having
> 1000 beds (Figure 1A). Eleven centers performed
between 50-100 elective and emergency LT annually,
and 3 performed > 100 (Figure 1B).
Collectively, an estimated number of 300-500
ALF cases were treated annually. Ten centers (45%)
admitted 10-20 patients with ALF annually, while 7
“high volume” centers (32%) admitted 20 to > 60 ALF
patients annually. The remaining 23% centers treated
< 10 ALF patients annually (with those admitting ≤
20 cases annually classed as “low volume” centers)
(Figure 1C). On average, > 100 LT of ALF patients
are performed annually among consortium centers.
However, most centers (77%, 17/22) perform < 10 LT,
4 perform 20-40 and only one center performed > 40
LT for ALF annually.

2

B

80

Percent of centers (%)

60

< 100

300-500
500-1000
Inpatient beds

> 1000

40

20

0

Number of centers (n )

RESULTS

4

0

C

statistically significant. The SPSS statistical package
version 19.0 was used to perform all statistical
analyses (SSPS Inc., Chicago, IL, United States).

10

< 20
20-50
50-100
> 100
Number of liver transplantations performed annually

Practices involving referral, hospital placement and
jurisdictions

Many patients were referred to the participating
centers from other hospitals. The average time from
referral to admission was less than one day in 16/22
(73%) of the centers, 1-2 d in 4 centers (18%)
and 2-5 d in 2 (9%). In 96% (21/22) and 100%
(22/22) of the participating centers, ALF patients
in the medical ward or the ICU respectively, were
interviewed and examined by a hepatology consultant
or senior physician at least daily. Once in the ICU,
or high dependency unit (HDU), patients were
treated by a multidisciplinary team (consisting of a
hepatologist, intensive care specialist and transplant
surgeon) in 50% of the centers. In other centers,
the ICU patients were managed by an intensive care
specialist (32%), a hepatologist (9%) or co-treated
by the two (9%).
The level of HE that prompted transfer to an ICU or
HDU was grade 1 HE in 33%, grade 2 in most centers
(43%), or grade 3 in 10%.

10
8
6
4
2
0

< 10

10-20
20-40
40-60
ALF patients admitted annually

> 60

Figure 1 Demographic data. A: Number of inpatients beds per center; B:
Number of liver transplantations performed annually per center; C: Number of
ALF patients admitted annually per center.

evidence of chronic liver disease, an international
normalized ratio (INR) of > 1.5 and any level of hepatic
encephalopathy (HE). Data was collected concerning
clinical presentation, management and outcome.

Practices of diagnostic studies

Imaging: Abdominal ultrasound (US) was used as the
initial imaging modality in the majority of centers (95%
and 91% on the ward or ICU respectively). Utilization
of computed tomography (CT) imaging was more
variable.
Liver biopsy: LBX was performed in < 25% of
patients by the majority of centers. There was no
difference in performing LBX between high and low
volume centers or centers with high transplantation
rates.

Statistical analysis

All data was summarized and reported as the number
and percent of centers for each question. Comparison
of variables between high- and low-volume centers
was done using the Fischer exact test, while the
paired comparison between the behaviors on the
ward compared to the ICU in each center was done
using the non-parametric McNemar analysis. All
analyses were two-sided and P < 0.05 was considered
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Figure 2 Practice involving intra-cranial pressure monitoring. A: Indications for intra-cranial pressure (ICP) monitoring in ALF patients; B: Percent of patients with
HE ≥ grade 3 undergoing ICP monitoring (among the centers using ICP monitoring); C: First line treatment interventions for raised ICP.

Practices involving patient monitoring

centers administered routine antibiotics on the ward
significantly less than low volume centers (P = 0.001).
Antibiotics were used in < 50% of the patients by
5 of the 7 high volume centers (71%) compared to
58% (7/12) of the low volume centers. Antibiotic use
was more common in the ICU; 73% (16/22) of the
centers reported that > 75% of the patients received
antibiotics. There was no statistically significant
difference between high and low volume centers
regarding ICU antibiotic use (Figure 3B).
Systemic anti-fungals were given to < 25% of
patients in 13/19 centers (68%) while on the ward.
In the ICU a slightly higher rate was evident. Twelve
centers (55%) administered anti-fungals to < 50% of
patients and 10 (45%) treated > 50% of patients. We
also observed a greater tendency to treat patients in
the ICU with anti-fungals in the high volume centers,
85% (6/7) administering anti-fungals to the majority
of their patients while only 27% (4/15) of low volume
centers did so (P = 0.016) (Figure 3C and D).
N-acetylcysteine (NAC): Most centers administered
NAC to the majority of their patients either on the
ward (74%, 14/19) or the ICU (86%, 19/22), with
21% (4/19) and 36% (8/22) of the centers always
doing so on the ward and ICU respectively. Seventy
four percent (14/19) and 81% (18/22) of the centers
administered NAC to patients with non-paracetamol
ALF in the ward and ICU respectively.
ICP lowering medications: Mannitol (100%) and
increased sedation (63%) were used as first-line

Intra-cranial pressure (ICP) monitoring: ICP monitoring
was used in 55% of centers. The rate was higher in
high volume centers (6/7, 86%) than low volume
centers (6/15, 40%) (P = 0.074). The most common
indications for ICP monitoring were papilledema (all
centers) and renal failure (58%). Elevated ammonia
(42%), cardiovascular instability (42%), young age
(42%) and severity of coagulopathy (33%) were less
commonly reported indications for ICP monitoring
(Figure 2A).
Among the 12 centers reporting the use of ICP
monitoring, 50% reported using it in < 25% of
the patients with high grade HE, with no difference
between high and low volume centers. However, 4 of
the 12 centers performed ICP monitoring in > 75% of
the patients with high grade HE (Figure 2B).
The ICP pressure that triggered treatment was
20-25 mmHg and 25-30 in 58% (7/12) and 33%
(4/12) of centers respectively. Over 90% (11/12)
of the centers targeted a specific cerebral perfusion
pressure (CPP). The majority (54.5%, 6/11) used a
CPP value of 50-60 mmHg, while 27% (3/11) used a
CPP of 60-70 mmHg as their target.

Practices involving medical treatment

Antibiotics and Antifungals: Use of routine antibiotics
prophylaxis was reported in < 50% of patients by 63%
(12/19) of the centers. However, wide discrepancy
existed as demonstrated in Figure 3A. High volume
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Figure 3 Use of prophylactic antibiotics and antifungals. A: Prophylactic antibiotics in ward based care, low versus high volume centers; B: Prophylactic
antibiotics in ICU based care, low versus high volume centers; C: Prophylactic antifungals in ward based care, low versus high volume centers; D: Prophylactic
antifungals in ICU based care, low versus high volume centers.

treatment interventions. Other options less commonly
used were hypertonic saline (35%), hyperventilation
(35%) and barbiturates (20%) (Figure 2C). High
volume centers reported greater use of hypertonic
saline (86%) compared to low volume centers (31%) (P
= 0.057).
Blood products: Fresh frozen plasma (FFP) or
platelets were not routinely used in the vast majority
of centers (95% 18/19 and 84%, 16/19 respectively).
The threshold for platelets administration was < 20 ×
9
10 /L in 80% (15/19) of the centers. In the centers
performing ICP monitoring, 92% (11/12) administered
FFP prior to the procedure, 75% (9/12) administered
platelets and 42% (5/12) used cryoprecipitate. Use of
recombinant activated factor VII was rare (8%, 1/12).
Nutrition support: Feeding modalities differed
markedly in the ward and ICU. While patients in the
ICU where either mostly (> 50% of patients) or always
fed via nasogastric tube (NGT) (73%, 16/22 and 23%,
5/22 respectively), only a minority of ward patients
were fed by NGT (79%, 15/19 used NGT feeding in
< 50% of the patients and 10%, 2/19 never used it).
Total parenteral nutrition was used in < 50% of the
patients in 77%-79% centers. Branched chain amino
acids were rarely used.

mechanical ventilation was grade ≥ 3 in 54% of the
centers and ≥ 2 in 36%. Propofol was the sedative
agent of choice in almost all centers, 68% also
administered opiates. Only 1 center reported using
benzodiazepines. Muscle relaxants were rarely used.
Renal replacement therapy (RRT): Continuous
hemofiltration or hemodialysis was the most utilized
primary form of RRT (86%, 19/22), as opposed to
Intermittent hemodialysis (9%, 2/22). Indications for
use of RRT are shown in Figure 4.
Liver transplantation: The King’s College criteria
(KCC) (86%, 18/21) and Clichy criteria (33%, 7/21)
were the most commonly used prognostic models to
select patients for LT. The KCC and Clichy criteria were
used as a single criteria system by 46% (10/22) and
4.5% (1/22) of the centers respectively. Thirty-eight
percent (8/21) of the centers used a combination of
the two criteria systems. The KCC were used in all the
high volume centers.
There was no age limit for LT in 55% (12/22)
centers, with 60 years of age being the limit in the
remainder. The average waiting time for transplantation
was 1-2 days in 55% (12/22) of the centers, 2-3
days in 27% (6/12) of the centers and > 3 d in 18%
(4/22). None of the centers reported surgery occurring
within 24 h of patient listing. The predicted survival
rate of patients who fulfilled transplantation criteria but

Utilization of other treatment modalities: Venti
lation and sedation: The level of HE that precipitated
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Acidosis

7 died and 4 survived. Thirty-two (74%) of the 43
patients who did not fulfil transplant criteria survived
with medical management alone. Eight (73%) of the
11 patients who died had hypoxic hepatitis as a cause
of ALF and median age was 56 (49-79) years.

100%

Oliguria

86.4%

Hyperkalemia

86.4%

Fluid overload

77.3%

Elevated ammonia levels

DISCUSSION

54.5%

Elevated lactate levels

The results of our survey highlight important aspects
regarding patterns of practice of ALF patients across
various geographic locations. Whilst there were
many similarities in the principles of care, particularly
in relation to utilizing prognostic models and basic
clinical management of the severely ill, major areas
of divergence remain, including many aspects of ward
and ICU care. These variations in care stem from a
lack of high quality evidence-based data to guide the
decision-making process, and uncertainty as to what
constitutes best practice.
The data indicates that referral, hospitalization
and jurisdiction practices were homogenous among
EUROALF members. Almost 75% of the centers
reported an average time from referral to admission of
< 1 d. Given transportation logistics, space allocation
and other bureaucratic barriers, it is unlikely that this
time frame can be significantly shortened.
Indications for LBX in the management of patients
with ALF are not well defined. Although it has been
suggested to be of diagnostic and prognostic value,
assisting clinical decision-making and timing of
[5,6]
LT , in our survey it was not generally considered
a requirement in clinical practice and was performed
only in a small minority of patients.
While diagnostic procedures were relatively uniform
in the consortium, management protocols varied more
widely. NAC is routinely used in paracetamol induced
[7,8]
hepatotoxicity . Most centers administered NAC to
the majority of patients early in the course of illness
as part of ward and especially ICU based care. This is
inspite of recent data suggesting that NAC is ineffective
[9]
in critically ill patients , over 80% of the responders
also routinely administered NAC to non-paracetamol
ALF, in concordance with the findings of a recent
[10]
RCT .
Patients with ALF are highly susceptible to infec
tions. Bacterial infections have been documented in
up to 80% of patients and fungal infections occur in a
[11]
third . Though early studies showed that prophylactic
antimicrobial therapy decreased infections, a survival
[12]
benefit was not demonstrated . Currently, the use
of prophylactic antibiotics and anti-fungals in patients
with ALF is not generally recommended and instead,
[13,14]
periodic surveillance for infection is advocated
.
Whilst most centers did not routinely administer
antibiotics to ALF patients in the wards, almost 75%
of centers treated the majority of patients in the ICU
(Figure 3B). Administration of anti-fungals in ward
based care of ALF patients was limited, but marked

45.5%
0

20

40
60
80
Percent of centers (%)

100

Figure 4 Indications for renal replacement therapy.

were not transplanted was < 50% in all participating
centers, with 80% (18/21) reporting non-transplanted
survival of < 25%.
Clinical presentation and outcome of ALF patients:
A total of 85 patients were treated over a 3 mo period
in 13 the centres that participated in our “real-life”
data collection. Median age was 38 (29-52) and 54
(64%) were female. The etiologic mix varied by location
with paracetamol-induced disease predominating in
Denmark, Belgium and the United Kingdom. Overall
43 patients (51%) were diagnosed with paracetamolinduced disease. Other causes included: auto-immune
(2 cases), hypoxic hepatitis (6), non-paracetamol drugs
(7), viral disease (4), pregnancy-related (2), herbal
remedies (1), malignant infiltration (1), Budd-Chiari
syndrome (1) and unknown (18).
Severity of Illness: Coagulopathy: Median INR
was 3.8 (2.1-6.5) at presentation and peak was 4.7
(2.9-7.3).
Encephalopathy: At presentation HE was mild
[median grade 1 (0-2)], however high grade HE (grade
3-4) developed later in the clinical course in 51 (60%)
of patients. Of these cases, 12 (24%) developed clinical
evidence of ICH. Medical management: Seventy-six
patients (89%) were admited to a critical care unit .
During the course of illness 59 (69%) patients required
intubation and mechanical ventilation, 54 (64%)
vasopressor support and 48 (56%) RRT. Of the 30
patients who required one or fewer systemic support,
21 (70%) survived with medical management alone.
However 40 of the 55 patients who required more than
one organ system support either died or underwent
LT and 15 (27%) survived with medical management
alone.
Outcome: Overall 90-d survival was 65/85 (76%).
Forty-two patients (49%) fulfilled transplantation
selection criteria and of these 31 (74%) underwent
emergency LT. Post transplant survival to hospital
discharge was 28/31 (90%). Of the remaining eleven
patients who fulfilled criteria but were not transplanted

WJG|www.wjgnet.com

7600

September 7, 2016|Volume 22|Issue 33|

Rabinowich L et al . Clinical practices in acute liver failure
variation was found regarding their use in the ICU
(Figure 3D). This divergence in care suggests that the
prophylactic anti-infectious treatment is an area of
uncertainty for treating clinicians.
Coagulopathy and thrombocytopenia are fre
[15]
quently seen with ALF . The most frequently used
coagulation parameter was the INR test followed by
PT and fibrinogen levels. Interestingly, only 52% of
the centers measured Factor V levels, as a means
of assessing liver function and prediction of patient
[16]
outcome . Finally, the thromboelastogram (TEG)
[17]
test, which assesses overall homeostasis , was rarely
used.
In the absence of bleeding, correction of INR or
thrombocytopenia is not justified and may obscure
[13]
the use of INR as a prognostic marker . Our results
show that most centers did not routinely administer
coagulation factors or platelets.
The issue of bleeding subsequent to invasive pro
cedures constitutes a more significant dilemma. In
clinical practice, the risk of bleeding following routine
procedures such as insertion of central venous catheters
or paracentesis and even for more invasive procedures
[5,18]
such as trans-jugular LBX is considered small
. In
contrast, the risk of intracranial hemorrhage following
ICP monitor insertion is a major cause of concern in
ALF patients with an incidence of fatal hemorrhage
[19,20]
ranging from 1%-5%
. No guidelines exist regarding
administration of coagulation factors prior to specific
[13,14]
procedures in the presence of coagulopathy
. In our
questionnaire, we addressed utilization of coagulation
factors in general and specifically with regards to ICP
monitor insertion. Platelets and FFP were the most
common factors given in the majority of centers
prior to performing LBX and inserting ICP monitors.
Cryoprecipitate was used by < 50% of the centers while
the use of recombinant activated factor VII was rare.
The role of HE as a prognostic marker was reflected
in the decision to transfer patients from the medical
ward to the ICU. Grade 2 HE served as the most
commonly accepted indication for ICU admission.
However, over a third of the participants admitted to
the ICU patients with HE grade 1 or did so regardless
of the patients’ cognitive state. Most centers intubated
patients with grade 3 HE and over a third reported
intubating at grade 2 HE. These practices indicate that
in clinical practice physicians prefer to treat patients
earlier, perhaps recognizing the potential for abrupt
deterioration. This approach is supported by our “reallife” results showing that although most patients
presented with minor HE, 60% developed high grade
HE later in the clinical course.
ICP monitoring use varied by center with only
approximately 50% of the participating centers reported
using it. The overall proportion of patients with HE of
grade 3 or above that underwent ICP monitoring was
low, even in centers that performed this procedure
often. However, there was marked divergence, with a
few centers reporting extensive use of this modality
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(Figure 2B). These centers were all considered high
volume, admitting > 20 ALF patients annually and
performing LT in > 50% of their patients. Our results
reflect uncertainty regarding the specific indications and
benefit of ICP monitoring (Figure 2A).
Mannitol is widely accepted as first-line therapy
to decrease intracranial hypertension, followed by
hypertonic saline and moderate hypothermia, but their
use is supported only by limited evidence and doesn't
[13,14,21-24]
appear to improve survival
. Barbiturates,
Indomethacin and hyperventilation are considered
[13,14,25]
short-term salvage therapies in refractory cases
.
All centers reported using all these modalities (Figure
2C) without significant difference in treatment choices
between centers that did or did not perform ICP
monitoring.
Prognostic models to assess allocation to LT in
[26]
[27,28]
ALF include the KCC , Clichy-Villejuif criteria
,
model for end stage liver disease, and the new Acute
[29]
Liver Failure Study Group index . All of which show
good specificity but more limited sensitivity and
[29-33]
accuracy
. We found that KCC criteria were the
most commonly used, followed by the Clichy criteria,
and were occasionally used in combination. The
need for better prognostic models and biomarkers
to accurately define indications for LT, were raised by
many survey participants.
Most patients listed for LT in our survey underwent
surgery. These transplantation rates appear to coincide
with the current literature as 85% of the centers
reported performing transplantation in > 50% of the
patients; and 43% reported that over 75% of the
patients underwent LT. The predicted survival rate of
patients who fulfilled transplantation criteria but did not
undergo transplantation was < 50% in all participating
centers, with the majority of centers predicting a
survival rate of < 25%.
“Real-life” data from our survey, showed 76%
overall 90-day survival (65/85 patients). Although
limited by a relatively small number of patients this
figure demonstrates the improved survival of ALF
patients over the years, as this number is higher than
that previously reported in the United States and
[4,34]
England
. Almost half of the patients fulfilled the
criteria for emergency LT, 74% of them underwent
LT. LT in this high risk group was associated with 90%
survival. The death rate among the patients who
fulfilled LT criteria but were not transplanted (63%)
was considerably higher compared with those who
were not LT candidates (25%) treated with medical
management alone.
Although we did not directly address the role of
liver-assist devices in our survey, many centers raised
this issue as one deserving further investigation and
definition, both as a potential bridge for LT and as a
means of providing vital support in hope of functional
recovery.
Our study is a survey addressing the clinical
practice and management of ALF patients. One of the
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various centres. It is of interest for other clinicians treating liver patients as well
as researchers in this field.

limitations of our study is the number of participating
centers. Although treating a large group of patients,
standards of treatment may not be representative
of all treatment centers in Europe. As a survey,
the results represent the perceived views of the
participants and are not backed by evidence. However,
all the participants are senior hepatology consultants,
and we believe that their answers portray current
practices in their respective centers. Furthermore, this
is an inherent premise of any survey. Furthermore,
13 centers reported “real-life” data, which provides
validation to the questionnaire.
Over the past decades the outcomes of patients
with ALF have improved considerably. However, it still
remains a disease with high mortality. Management
of ALF is challenging not only because of its severity
and rapid progression but also due to the many
uncertainties accompanying current clinical practice.
Whilst many similarities were found in principles of care
of patients with ALF across the centers participating
in our study, there are still major areas of divergence,
representing a need for further studies. Areas for
potential research include use of ICP monitors and
ICP therapy, prophylactic use of antibiotics and antifungals, as well as further investigation into the role
of liver support systems and establishing an ALF
care bundle. There is also a great need for improving
prognostic evaluation for LT and for the refinement of
transplantation criteria.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Scientific Institutional Review Board in the
southern region of Denmark (Project ID: S-20140128).

AIM
To detect chronic hepatitis B (CHB), chronic hepatitis
C (CHC) and human immunodeficiency virus (HIV) in
fections in dried blood spot (DBS) and compare these
samples to venous blood sampling in real-life.

Informed consent statement: All study participants provided
written informed consent prior to study enrollment.
Conflict-of-interest statement: Peer Brehm Christensen has
received research grants from Abbvie and Gilead; no other
authors have any conflicts of interest to disclose.

METHODS
We included prospective patients with known viral
infections from drug treatment centers, a prison and
outpatient clinics and included blood donors as negative
controls. Five drops of finger capillary blood were
spotted on filter paper, and a venous blood sample was
obtained. The samples were analyzed for HBsAg, antiHBc, anti-HBs, anti-HCV, and anti-HIV levels as well
as subjected to a combined nucleic acid test (NAT) for
HBV DNA, HCV RNA and HIV RNA.

Data sharing statement: There are no additional data available.
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
Samples from 404 subjects were screened (85 CHB,
116 CHC, 114 HIV and 99 blood donors). DBS had a
sensitivity of > 96% and a specificity of > 98% for
the detection of all three infections. NAT testing did
not improve sensitivity, but correctly classified 95%
of the anti-HCV-positive patients with chronic and
past infections. Anti-HBc and anti-HBS showed low
sensitivity in DBS (68% and 42%).

The existing literature indicates a wide range
of barriers for testing that are related to both the
individual patient (e.g., lack of knowledge, not feeling
sick, fear of invasive tests, and distrust of the medical
system) and the healthcare provider system (e.g.,
no access to basic medical care or a lack of specific
[6-11]
medical care in substance user treatment centers)
.
In Denmark, chronic Hepatitis B and HIV infections
are highly prevalent among men who have sex
with men, sex workers and immigrants from highly
endemic countries. These groups also have difficulties
accessing the existing health system and may have
[12]
poor knowledge of the diseases and risk factors .
A recent Danish study has shown that the large
majority of HIV patients are successfully managed in
the existing health system; however, new interventions
are needed to improve care for immigrants and drug
[13]
users .
Easy access to serological testing for Hepatitis C
and non-invasive methods to diagnose liver fibrosis
have improved the screening rates among drug
users. In the era of the new treatment regimens for
hepatitis C with direct-acting antivirals (DAA) with
few side effects and a short treatment duration, it has
now become feasible to test and treat the drug-user
[14-16]
population
.
Dried blood samples on filter paper (DBS) were
[17]
originally used to screen for neonatal phenylketonuria .
Since then, the method has been evaluated and used
with increased frequency, e.g., antibody testing for
a wide range of infectious diseases, particularly in
[18-21]
resource-limited settings
.
Recently, it was shown that DBS can be combined
with automatic analysis on a modern analysis platform
(e.g., Abbott Architect), allowing high throughput
[22,23]
testing at a reasonable price
. However, in most
of these studies, venous whole blood was used for
the DBS samples instead of capillary blood, and the
performance and feasibility of “real life” DBS testing in
this set-up is, to our knowledge, not well described.

CONCLUSION
DBS sampling, combined with an automated analysis
system, is a feasible screening method to diagnose
chronic viral hepatitis and HIV infections outside of the
health care system.
Key words: Dried blood spot; Real-life; Screening;
Hepatitis B; Hepatitis C; Human immunodeficiency
virus; People who inject drugs; Drug-users; Prisoners
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study shows that it is feasible to combine
serology and nucleic acid screening for hepatitis
B virus (HBV), hepatitis C virus (HCV) and human
immunodeficiency virus (HIV) infections in one dried
blood sample (DBS) collected in real life and analyzed
using a modern laboratory platform. We observed a
sensitivity and specificity of > 96% for HBV, HCV, and
HIV and correctly classified 95% of all HCV patients into
past vs chronic infections compared to simultaneously
collected venous blood samples. The study confirms
that DBSs are feasible samples in outreach clinics and
confirms the high sensitivity and specificity of previous
laboratory-based studies.
Mössner BK, Staugaard B, Jensen J, Lillevang ST, Christensen
PB, Holm DK. Dried blood spots, valid screening for viral
hepatitis and human immunodeficiency virus in real-life. World
J Gastroenterol 2016; 22(33): 7604-7612 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i33/7604.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i33.7604

Objectives

The objective of this study was to determine and
compare the sensitivity of DBS from capillary blood to
whole plasma when the DBS sampling was obtained
in real life settings and analyzed at a modern high
throughput diagnostic laboratory using an automated
analytic platform.
The study was conducted from September 2014
to September 2015. Combined NAT screening for
HIV RNA, HBV DNA and HCV RNA was performed
using the Procleix Ultrio Elite assay from Grifols
(Grifols Diagnostic Solutions, Allschwil, Switzerland),
and serological screening for HIV, HBV and HCV was
performed using Abbott Architect assays (Abbott
Diagnostics, Delkenheim, Germany) .
The study was conducted in the region of southern
Denmark.

INTRODUCTION
Chronic viral hepatitis B (CHB) and C (CHC) represent
a major health burden worldwide, with approximately
350 million and 170 million people infected, res
[1]
pectively . Persistent infection may progress to endstage liver disease and hepatocellular carcinoma, and
primary liver cancer is now the second leading cause
[2]
of cancer death worldwide .
In Denmark, as in most western countries, drug
users have the highest prevalence of chronic hepatitis
[3,4]
C . Still, a Danish register-based study showed that
the majority of drug users(67%) have never been
[5]
tested .
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Patients had a known HBV, HCV or HIV infection,
and attended either the Outreach Clinics in the Drug
Treatment Center or state prison in Nyborg or the
Outpatient Clinic at the Hospital to be eligible for
inclusion. Patients were informed about the study
at previously planned visits. If they were willing to
participate, they were included with due consideration
time.
Due to the relatively low prevalence of HIV and HBV
infections among Danish drug users and prisoners,
paired EDTA plasma samples/DBS were obtained
from these patients at the Departments of Infectious
Diseases at, Odense University Hospital and Lillebaelt
Hospital, Kolding. Samples from Hepatitis C-infected
patients were obtained from drug treatment centers
and the prison. According to the power estimation,
optimally, 100 patients with each infection should be
included, corresponding to an overall 30% prevalence
of the tested markers, which is comparable to the
30%-40% prevalence of HCV infection in the target
drug-using population. In addition, paired EDTA plasma
samples/DBS were obtained from 99 blood donors who
were negative for all three viruses from the blood bank
at Odense University Hospital.
The DBS and EDTA plasma samples were collected
simultaneously in most cases, but up to 10 d was
allowed between the two samples.

average estimated DBS sample dilution was 1:23
compared to plasma.
The DBS eluates and the corresponding plasma
samples were tested for the presence of anti-HIV,
anti-HCV, hepatitis B surface antigen, anti-HBc and
anti-HBs with the Architect HIV Ab/Ag, Architect HCV
Ab, Architect HBsAg, Architect HBs Ab and Architect
HBc Ab assays using the Architect system (Abbott
Diagnostics, Delkenheim, Germany). In addition, all
samples were tested with the Procleix Ultrio Elite assay
using the Procleix Panther System (Grifols Diagnostic
Solutions, Allschwil, Switzerland). The Ultrio Elite assay
is a qualitative nucleic acid amplification test (NAT)
for the simultaneous detection of HIV-1/2 RNA, HCV
RNA and HBV DNA. The detection limits (at the 95%
confidence level) for the Ultrio Elite assay are 18.0
IU/mL (HIV-1-RNA), 3.0 IU/mL (HCV-RNA) and 4.3
IU/mL (HBV-DNA), according to the package insert. For
samples that were reactive in the initial NAT analysis,
an additional discriminatory NAT was performed for
HIV-1/2 RNA (Ultrio Elite dHIV), HCV RNA (Ultrio
Elite dHCV), and HBV DNA (Ultrio Elite dHBV). The
initially reactive samples were stored at -20 °C for
1-5 d before the discriminatory NAT was performed.
All plasma samples were analyzed according to the
manufacturer’s instructions.
A quantitative nucleic acid amplification test was
®
®
performed using the COBAS AmpliPrep/COBAS
®
TaqMan 48 system (Roche Diagnostics, Basel, Swit
zerland) to quantify the viral load in plasma samples
that were positive for either HIV RNA, HCV RNA or
®
HBV DNA in the Ultrio Elite assay. The COBAS Ampli
®
®
®
Prep/COBAS TaqMan HIV-1 Test, v2.0, COBAS
®
®
AmpliPrep/COBAS TaqMan HCV Quantitative Test,
®
®
®
v2.0 and COBAS AmpliPrep/COBAS TaqMan HBV
Test, v2.0 assays were used, and all the quantita
tive analyses were performed according to the
manufacturer’s instructions. The lower detection limit
for the Cobas TaqMan assays described above was
slightly higher than the NAT according to the package
insert: 20 copies/mL (HIV), 15 IU/mL (HCV) and 20
IU/mL (HBV).

MATERIALS AND METHODS
All samples were analyzed at the Department of
Clinical Immunology, Odense University Hospital. Five
®
spots on a Whatman 903 protein saver card (SigmaAldrich, Copenhagen, Denmark) were each covered
with a large drop of capillary blood (approximately
75 μL) from the fingertip(s) of the patient/donor and
subsequently dried at room temperature for at least
24 h and up to 5 d to prepare the DBS.
The approximate volume of 75 μL of whole blood
in each dried blood spot was based on preliminary
studies where different amounts of exact volumes
®
of whole blood were added to the Whatman 903
protein saver card. We found that 75 μL was the
amount needed to fill a single spot on the Whatman
filter paper. In the real-life study, the intention was to
fill each of the 5 spots using their visual appearance,
thereby approximating a volume of 75 microliters in
each spot.
We compared the test results for all viruses in DBS
samples that had dried for 24 h or for up to 7 d at
room temperature using the NAT test to validate the
stability and found no difference (data not shown).
Each of the dried blood spots was eluted with 1000
μL of a buffer (PBS/0.05% Tween 20/0.08% sodium
azide) overnight at room temperature on a shaker,
followed by centrifugation of the eluate for two mi
nutes at 10000 rpm. Except for the discriminatory
NAT analysis, all laboratory analyses were performed
immediately after centrifugation of the eluates. The
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Statistical analysis

The DBS results were compared with plasma,
which was used as the gold standard to assess
the sensitivity, specificity, positive predictive value,
negative predictive value and receiver operating
characteristics curve (ROC-curve) of the DBS results.
Descriptive statistics were shown as the means,
medians and interquartile ranges, with the minimum
and maximum values reported, as appropriate. A
confidence interval of 95% was used. All data analysis
was performed using STATA 14 IC software (Statacorp
LP, College Station, TX).
Sample size and power estimation: With an
expected prevalence of 33% (100 positive and 200
negative tests for all markers, except the HBs antibody),
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Table 1 Descriptive summary and characteristics of viral infections
Viral infection

Total, n

Mono- + Co-infected, n

N with quantitative
analysis

Blood donors
HBV
HCV
HIV

99
85
116
114

0
78 + 5 HIV + 2 HCV
111 + 3 HIV + 2 HBV
106 + 5 HBV + 3 HCV

NA
78
105
112

Median

IQR (25-75)

144
225000
0

19-2780
4300-1110000
0-19

IQR: Interquartile range [expressed as IU/mL (HBV and HCV) and copies/mL (HIV)]. HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human
immunodeficiency virus.

Table 2 Sensitivity and specificity of serological testing by Abbott Architect of dried blood spots compared to plasma samples
Plasma, n

DBS, n

Sensitivity (%)

Negative

Positive

Negative

Positive

288
318
232
246
289

116
86
172
158
115

292
319
286
337
290

112
85
118
67
114

Anti-HCV
HBsAg
Anti-HBc
Anti-HBs
Anti-HIV

Specificity (%)
(95%CI)

(95%CI)
96.6
96.5
68.0
42.4
98.3

(91.4; 99.1)
(90.1; 99.3)
(60.5; 74.9)
(34.6; 50.5)
(93.9; 99.8)

100.0
99.4
99.6
100.0
99.7

(98.7; 100)
(97.7; 99.9)
(97.6; 100)
(98.5; 100)
(98.1; 100)

ROC

PPV

NPV

0.98
0.98
0.84
0.71
0.99

100.0%
97.6%
99.2%
100.0%
99.1%

98.6%
99.1%
80.8%
73.0%
99.3%

ROC: Area under the receiver operating curve; PPV: Positive predicting value; NPV: Negative predicting value.

an observed agreement of 95% between DBS and
plasma samples would correspond to 5 false negative
and 10 false positive results for each marker. More than
12 false negative and 20 false positive samples would
lead to a rejection of the 95% agreement between the
venous blood sample and DBS.

viremia by DBS was not reliable because a significant
proportion (16% and 98%) of these patients had very
low viral loads as result of antiviral treatment.

Hepatitis C

Among the 116 known HCV-infected patients, all were
plasma anti-HCV-positive and 112 (96.6%) were
also DBS anti-HCV-positive (Figure 1). The four DBSnegative patients were all HCV-RNA-negative in both
plasma and DBS, indicating a past infection. Among
the plasma anti-HCV-positive patients, 73.3% (85/116)
were plasma NAT-positive, indicating an ongoing
infection. Of these patients, 95.3% (81/85) were also
DBS NAT-positive, and 100% (85/85) of the active
infections were anti-HCV-positive in the DBS.
The four patients who were plasma HCV RNApositive and DBS-negative had a viral load < 100
IU/mL (range 0-95), and two of these were on DAA
treatment. One patient was plasma NAT-negative, but
weakly DBS-positive, corresponding to a specificity of
99.5% (193 DBS/194 plasma) for the NAT.

Ethical considerations: All patients signed written
informed consent before inclusion in the study. The
Danish Research Ethics Committee approved the study
(Project-ID: S-20140128).

RESULTS
Corresponding plasma samples and DBS were ob
tained from the 404 subjects included in the study:
114 HIV-infected, 85 hepatitis B-infected, 116 hepatitis
C-infected and 99 blood donors. The blood donors
were all negative for the 3 infections (Table 1).
The overall performance of the serology markers
for anti-HCV, anti-HIV and HBsAg had a sensitivity of >
96% and a specificity >99% for all three markers. In
contrast, a lower sensitivity for anti-HBc and anti-HBs
was observed (Table 2).
After combining all analyses, we correctly classified
98.0% (396/404) of patients for all 3 infections and
99.3% of all serological tests (1204/1212) using DBS,
with 6 false negative (4 anti-HCV, 1 HBsAg and 1 antiHIV) and 2 false positive (HBsAg) results. One patient
with hepatitis B was HBsAg-negative in both plasma
and DBS. Thus, the addition of NAT identified 1 (HBV)
patient who would have been missed by serological
testing alone. However, the overall advantage of
adding NAT to the analysis was that 95% of Hepatitis C
patients were correctly classified into ongoing vs past
infection groups. For HBV and HIV, the classification of
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Hepatitis B

Among the 85 known HBV-infected patients, 83 were
both plasma- and DBS-positive for HBsAg, one was
only positive in plasma and one was negative in both
plasma and DBS (Figure 2). The patient who was
HBsAg-positive in plasma and negative in DBS had a
quantitative plasma HBsAg level below 175 IU/mL.
This patient was under treatment for HBV infection
and HBV DNA was positive in both plasma and DBS.
The patient who was HBsAg-negative in both plasma
and DBS was also under treatment for HBV. HBV DNA
was positive in plasma, but below the LLOQ, antiHBc and anti-HBs were positive in both plasma and
DBS, suggesting seroconversion. All 71 untreated CHB
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HCV infection
116

Anti-HCV Pos
Plasma
116
Anti-HCV
Pos DBS
112

Anti-HCV
Neg DBS 4

NAT Pos
Plasma 85

NAT n.d. 5

NAT Pos
DBS 81

NAT Neg
Plasma 4

NAT Neg
Plasma 22

NAT Neg
DBS 4

NAT Pos
DBS 1

NAT Neg
DBS 21

NAT Neg
DBS 4

Figure 1 Flowchart for the test of hepatitis C patients.

Chronic
HBV
infection 85

HBsAg Pos
Plasma 84

HBsAg Pos
DBS 83

NAT Pos
Plasma 75

NAT n.d. 1

NAT Pos
DBS 53

NAT Neg
DBS 22

HBsAg Neg
plasma 1

HBsAg
Neg DBS 1

HBsAg Neg
DBS 1

NAT Neg
Plasma 7

NAT Pos
plasma 1

NAT Neg
DBS 7

NAT Neg
DBS 1

Figure 2 Flowchart for the test of hepatitis B patients.

patients were HBsAg-positive by DBS.
Two participants without known HBV infections
were (weakly) positive for HBsAg in DBS and negative
in plasma; one was an HCV-infected patient and one
was a blood donor. Both were anti-HBs-positive in
plasma and NAT-negative in both plasma and DBS. A
duplicate retest of the two DBS samples showed that
they were HBsAg-negative; thus, we concluded that
the first DBS test was a false positive test.
A low sensitivity for anti-HBc (68%) and anti-HBs
(42%) was observed. In 2/85 CHB patients, discrepant
results for anti-HBc were observed, with positive
plasma and negative DBS (CMIA-plasma 5.2-6.8 vs
CMIA-DBS 0.3-0.4); both were HBsAg-positive and
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HBV DNA-negative.
Among the 91 anti-HBc-positive plasma samples
from non-HBV infected patients, discrepant results
were found in 53 samples in which the plasma was
positive (CMIA median 6.19, range 1.1-10.1) and DBS
was negative (CMIA median 0.295, range 0.06-0.99).
Among the 53 discrepant DBS-negative results,
one was co-infected with HIV/ HCV, 31 were antiHIV-positive, 19 were anti-HCV-positive, and 2 were
negative for all other serological markers (blood
donors).
In twelve out of 85 CHB patients, a discrepant result
for the anti-HBs analysis was obtained. Anti-HBs was
positive in plasma (1.08-9.44 mIU/mL), but negative in
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patients were below the LLD (lower limit of detection),
15 were below the LLOQ (lower limit of quantification)
and 8 patients had quantifiable HIV-RNA levels (range
32-483 copies/mL).

HIV
infection 114

Anti-HIV
Pos Plasma
114

Anti-HIV
Pos DBS 113

NAT Pos
Plasma 51

NAT Pos
DBS 7

NAT Neg
DBS 44

DISCUSSION
The use of DBS with a high throughput automated
platform to screen for viral Hepatitis B, C and HIV
showed acceptable agreement between the plasma
and DBS tests for anti-HCV, anti-HIV and HBsAg in
real-life settings. However, the overall sensitivity of
anti-HBc and anti-HBs was low. There are several
possible explanations for this observation, including the
amount of blood used for the DBS samples was small
and the addition of the eluate-buffer further diluted the
[24]
sample 23-fold. In a study by Lee et al , DBS was
prepared from venous blood samples, and they noted
that the assay titers obtained from the DBS samples
were generally lower than the titers obtained from the
plasma samples. The authors suggested that different
cut-off values should be used to validate tests that
were positive in the DBS because the small amount of
blood in the DBS led to lower assay titers.
The low sensitivity for the serological markers
anti-HBs and anti-HBc in DBS vs plasma observed
in our study is in contrast to recent studies using
[22,23]
automated platforms
. This observation may to
some extent be caused by the different starting titers
of the samples, resulting in different dilution factors by
elution. The results are consistent with other studies,
where low DBS sensitivities have been reported,
ranging between 70% and 100%, with specificities
[18,25,26]
from 94% to 100%
. In the study by Ross,
almost perfect sensitivities and specificities for DBS
were observed compared to serum samples; however,
DBS were prepared by applying 100 μL of whole blood
to generate DBS (Whatman filter paper), a procedure
that most likely is not possible with DBS in real-world
settings, where we estimated the average amount to
be 75 μL. However, with this standardized method,
allowances could be made for the dilution and a lower
cut-off calculated for anti-HBs in DBS samples. When
applying this cut-off, the sensitivity rose from 43% to
54% in our study, which was still not acceptable (data
not shown).
We speculate that if an indicator for the amount
of blood collected on the paper could be developed to
ensure that enough blood is present for the analysis
(e.g., weight, hemoglobin, visual guidance, etc.), it
would also allow the calculation of a quantitative antiHBs level/mL of serum from DBS, enabling the method
to be used in outreach vaccination trials.
A study by Villar showed that a lower sampling
volume led to more discordant results and emphasized
that even though the sampling is relatively easy, care
[27]
must be taken to ensure an adequate sample size .
We recommend that the visual inspection should be
used to confirm that the circles of the filter paper have

Anti-HIV Neg
DBS 1

NAT Neg
Plasma 62

NAT Neg
plasma 1

NAT Neg
DBS 62

NAT Neg
DBS 1

Figure 3 Flowchart for the test of human immunodeficiency virus patients.
HIV: Human immunodeficiency virus; NAT: Nucleic acid test.

the DBS (0-0.3 mIU/mL). However, all twelve patients
were HBsAg-positive in both plasma and DBS.
Among the 145 anti-HBs-positive plasma samples
in non-HBV infected patients, discrepant results
were observed in 79 patients in which the plasma
was positive (median 9.9 mIU/mL, range 1-75) and
the DBS was negative (median 0.01 mIU/mL, range
0-0.93). Among the 79 discrepant DBS-negative
results, one was co-infected with HIV/ HCV, 43 were
anti-HCV-positive, 17 were anti-HIV-positive, and
18 were negative for all other serological markers
(blood donors). Vaccination status for Hepatitis B was
not recorded in our study, but of the HBV-negative
patients, 106 had protective anti-HBs titers (anti-HBs
≥ 10 mIU/mL) in plasma compared to 28 in the DBS.

HIV

Among the 114 patients with known HIV infections,
all were anti-HIV-positive in plasma, and 113 (99.1%)
were also positive in the DBS (Figure 3). The one
HIV-positive patient who was not detected using the
DBS received antiretroviral treatment (ART) and had
undetectable levels of the HIV-RNA in both plasma and
DBS.
Furthermore, one blood donor was weakly antiHIV-positive in plasma (1.62/cut-off 1.0), but negative
in the anti-HIV confirmatory test. The donor was also
DBS anti-HIV-negative and NAT-negative in both
plasma and DBS.
Among the 114 anti-HIV-positive patients, 112
were undergoing antiretroviral treatment. HIV-RNA
was negative in both plasma and DBS from 54.9% of
patients (62/113), 6.2% (7/113) were positive in both
tests, and 38.9% (44/113) were HIV-RNA-positive in
plasma and negative in DBS. Among these patients, 43
received ART and had the following HIV-RNA levels: 20
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been appropriately filled with blood when using DBS
for routine screening.
In our study population, only moderate agreement
was observed for HBV DNA and HIV RNA by NAT,
probably because a significant number of the included
patients had very low viral loads as a result of antiviral
therapy. Several studies have shown decreased
sensitivity of DBS compared to plasma in samples with
[20,28,29]
lower viral loads
. In our study, we estimated
that the LLD was below 500 copies/mL for HIV-RNA,
100 IU/mL for HCV-RNA and 200 IU/mL for HBV-DNA
by DBS testing. This result may be partially explained
by the 23-fold dilution of the DBS compared to plasma
during preparation. However, this dilution is unlikely
to be a significant problem when using DBS as a
screening method in an untreated population. In this
setting, viral loads below DBS cut-offs are rare, and all
these patients will be positive by serology testing.
Our study has several limitations. As it is a real-life
study, we did not know the volume of blood applied to
the DBS filter paper (and we did not record whether
the filter circles were appropriately filled with blood).
Therefore, we cannot rule out the possibility that the
discrepant results were due to a low sampling volume.
Furthermore, due to the low prevalence of HIV and
HBV in our target population, a significant number of
the HBV- and HIV-infected participants were recruited
from the Department of Infectious Diseases and had
low or undetectable viral loads as a result of antiviral
treatment. However, as a screening tool, DBS will
be used among treatment naïve patients, and in this
population, DBS had 100% sensitivity, except for HBV
patients in the latent phase, who will be detected by
HBsAg.
As for the 4 HCV patients who were anti-HCVpositive but HCV RNA false negative in DBS, we
suggest that patients who were categorized as having
past HCV infection using DBS should have this result
confirmed using a venous blood sample.
As the NAT did not improve DBS sensitivity, it would
have been more cost-effective to perform DBS testing
as a two-step analysis: first screening with anti-HCV,
anti-HIV and HBsAg, and then performing a NAT of
samples that were positive in serology. Depending on
the prevalence of infection, this strategy could save
50%-95% of NATs and still identify > 95% of chronic
infections. Some primary advantages of DBS are that
screening of all three infections can be performed
in one sample; the samples can be collected by onsite personnel, ensuring correct person identification;
and the samples may be sent by regular mail to the
laboratory. These advantages enable “on-site” testing
without the need for specialized personnel, and
therefore, the test is both cheaper and more effective
than the current methods used to identify patients with
chronic viral hepatitis or HIV infections.
In conclusion, the collection of DBS outside of the
health care system, combined with an automated
laboratory system for analysis, is a feasible method of
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screening for chronic viral hepatitis and HIV infections
among drug users in prisons and other resourcelimited settings.
In Danish guidelines, yearly screening in drug
users is recommended; however, this test has been
difficult to implement using venous blood sampling.
Easy access to DBS testing enables large-scale
implementation in difficult to reach populations.
The identification of the infected patients is the first
step to control these infections, and we suggest that
national testing strategies should include DBS testing
to improve the coverage of clinical care in these
populations.

COMMENTS
COMMENTS
Background

Easy access to serological testing for hepatitis C (HCV) and non-invasive
methods to diagnose liver fibrosis have improved the screening rates among
drug users. dried blood spot (DBS) testing enables large-scale implementation
in difficult to reach populations. Recently, it has been shown that combining
DBS with automatic analysis on a modern analysis platform allows high
throughput testing at a reasonable price. However, in most of these studies,
venous whole blood was used for the DBS instead of capillary blood, and the
performance and feasibility of “real-life” DBS testing using this set-up is, to our
knowledge, not well described.

Research frontiers

Performance of DBS testing in real-life settings, as well as strengths and
limitations.

Innovations and breakthroughs

Easy access to DBS testing enables large-scale implementation in difficult to
reach populations. The identification of the infected patients is the first step
to control these infections. In real-life settings, high sensitivity for detecting
HCV, HBV or HIV infections was observed. However, the sensitivities for antiHBs and anti-HBc were lower than in previous laboratory-based studies, and
refinement/further studies are needed before implementing the DBS method as
a screening method for vaccination status.

Applications

The collection of DBS samples outside of the health care system, combined
with an automated laboratory system for analysis, is a feasible method for
screening for chronic viral hepatitis and HIV infections in prison populations,
drug users and other resource-limited settings.

Terminology

DBS; Dried blood spot is a method where blood samples are blotted and dried
on filter paper, which enables on-site testing without the need for specialized
personnel. The dried samples can be sent to the laboratory by mail.

Peer-review

Mössner et al investigates the sensitivity and specificity of a Dried Blood Spot
(DBS) screening for HIV, HBV and HCV in patients in drug treatment centers.
The authors find that DBS had a high sensitivity > 96% and a high specificity
98% for all three infections; however, the antiHBc and antiHBs showed low
sensitivities in DBS (42% and 68%, respectively). Chronic infections such as
HIV, HBV and HCV remains major sources of mortality and morbidity. However,
due to their mild symptoms during early phases of infection, most of infected
people are not aware of infection status. Developing a low-cost medically
scalable diagnostic tool for testing chronic infections such as HIV, HBV and
HCV, is of great importance and has substantial public health implications.
Evaluating the feasibility using DBS as diagnostic tool is especially important
in a resource limited settings. Thus, this manuscript addresses an important
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question, and the results are promising in many ways. It is well written. The
methodology and analysis are well documented and the results are analyzed
rigorously.
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Abstract
AIM
to highlight the potential mechanisms of regeneration
in the Associating Liver Partition and Portal vein
ligation for Stage hepatectomy models (clinical and
experimental) that could unlock the myth behind the
extraordinary capability of the liver for regeneration,
which would help in designing new therapeutic options
for the regenerative drive in difficult setup, such as
chronic liver diseases. Associating Liver Partition and
Portal vein ligation for Stage hepatectomy has been
recently advocated to induce rapid future liver remnant
hypertrophy that significantly shortens the time for
the second stage hepatectomy. The introduction of
Associating Liver Partition and Portal vein ligation for
Stage hepatectomy in the surgical armamentarium of
therapeutic tools for liver surgeons represented a real
breakthrough in the history of liver surgery.
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METHODS
A comprehensive literature review of Associating Liver
Partition and Portal vein ligation for Stage hepatectomy
and its utility in liver regeneration is performed.
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RESULTS
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to 20% of patients with primary or metastatic liver
disease suitable for surgery at presentation. In patients
with drug-induced (chemotherapy) injury or cirrhosis,
an FLR of at least 40% is required. In resectable cases,
extended hepatectomy offers clear resection margins,
that in turn, stands for the major determining factor
[1,7,8]
for long-term survival
.
Liver parenchyma is thought to demonstrate
unique regenerative capacity but actual mechanisms
of the regeneration still remain unclear. More than one
strategies have been proposed to induce parenchymal
hypertrophy including portal vein embolization (PVE)
or ligation (PVL), but the failure rates reach 40% due
to tumor progression during the hypertrophic stimulus
period (4-8 wk). The regenerative potential associated
with these techniques is different from conventional
hepatectomy without clear superiority among these
techniques (associating PVE or PVL) in terms of
[9]
hypertrophy of the FLR .
Associating liver partition and portal vein ligation for
stage hepatectomy (ALPPS) is thought to induce rapid
FLR hypertrophy, that in turn, decreases the time for
[10,11]
the second stage hepatectomy
. The introduction
of ALPPS in the armamentarium of liver surgeons is,
without any doubt, an innovation in liver surgery. It is
[12]
the last surgical successor of Pychlmayr’s work , who
first introduced in situ split in liver transplantations.
[10]
Schnitzbauer et al
first described ALPPS, demon
strating an FLR increase of 74% in a short time
frame. Unfortunately, the postoperative complication
[10,13,14]
rates
are estimated around 33% to 64%
[15]
compared with 16% after PVE and much higher that
[16,17]
2-stage hepatectomy
.
ALPPS is getting more familiar in surgical com
munity due to its high variation of indications and
[18-20]
modifications
, it still needs further meticulous
[21]
evaluation before its broader clinical application ,
especially as far as the underlying mechanisms behind
the ALPPS-induced accelerated liver regeneration is
concerned.
We aim to highlight the potential mechanisms
of regeneration in the ALPPS models (clinical and
experimental) that could shed some light to the
uncharted regenerative capacity of liver parenchyma
after ALPPS.

combination of portal flow changes and parenchymal
transection that generate a systematic response
inducing hepatocyte proliferation and remodeling.
CONCLUSION
Associating Liver Partition and Portal vein ligation for
Stage hepatectomy represents a real breakthrough
in the history of liver surgery because it offers rapid
liver regeneration potential that facilitate resection of
liver tumors that were previously though unresectable.
The jury is still out though in terms of safety, efficacy
and oncological outcomes. As far as Associating Liver
Partition and Portal vein ligation for Stage hepatectomy
-induced liver regeneration is concerned, further
research on the field should focus on the role of nonparenchymal cells in liver regeneration as well as on
the effect of Associating Liver Partition and Portal vein
ligation for Stage hepatectomy in liver regeneration in
the setup of parenchymal liver disease.
Key words: Liver regeneration; Associating liver partition
with portal vein ligation for staged hepatectomy; Portal
vein embolization; Portal vein ligation; Liver transection
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It seems that liver regeneration after asso
ciating liver partition with portal vein ligation for staged
hepatectomy (ALPPS) is a combination of portal flow
changes and parenchymal transection that generate a
systematic response inducing hepatocyte proliferation
and remodeling. Further research on the field should
focus on the role of non-parenchymal cells as well as
on the effect of ALPPS in liver regeneration in the setup
of parenchymal liver disease.
Moris D, Vernadakis S, Papalampros A, Vailas M, Dimitrokallis
N, Petrou A, Dimitroulis D. Mechanistic insights of rapid liver
regeneration after associating liver partition and portal vein
ligation for stage hepatectomy. World J Gastroenterol 2016;
22(33): 7613-7624 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i33/7613.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i33.7613

INTRODUCTION

MATERIALS AND METHODS

Hepatectomy still stands of the first-line treatment
modality for malignant liver tumors (primary and
metastatic). Postoperative liver failure, though, still
consists of the main mortality cause after extended
hepatectomy despite the recent advances in surgical
techniques due to insufficient future liver remnant
[1-6]
(FLR) .
It is generally agreed that FLR must be around 25%
of the liver volume to achieve normal liver function in
[1-5]
patients with a healthy liver . This leaves only 10%

The MEDLINE/PubMed database was searched
for publications with the medical subject heading
“ALPPS” and keywords “liver regeneration”, “PVL”,
and “PVE”. Three independent reviewers (D.M, S.V
and A.P) performed the literature search, the study
selection and the data extraction. All the references
from the identified articles were searched for relevant
information. The end date of the literature search was
set to April 2016. We focused on articles of any design
or scientific method and purpose.
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κB, signal transducer and activator of transcription
[24]
(STAT)-3 and AP1
are activated in FLR immediately
[22,31]
after PHx
and intracellular-signalling pathways that
involve mitogen-activated protein kinase (MAPK) such
as pERKs, Jun amino-terminal kinase (JNK) and receptor
[23,32-34]
tyrosine kinases, are also rapidly activated
.

RESULTS
Basic principles of liver regeneration

The unique capacity of liver regeneration was des
cribed by ancient Greeks who first described the liver
regeneration concept in the myth of Prometheus.
Having stolen the secret of fire from the gods of
Olympus, Prometheus drew down on himself the anger
of Zeus, the ruler of gods and men. Zeus punished
Prometheus by chaining him to Mount Caucasus where
he was tormented by an eagle. The eagle preyed
on Prometheus’ liver, which was renewed as fast as
it was devoured. An experimental model came to
confirm the myth, as rodents undergone two-thirds
partial hepatectomy (PHx) demonstrated rapid liver
enlargement till the restoration of original liver mass,
[22]
after which the regenerative process seizes .
It seems that hypertrophy is based on the pro
[22-25]
liferation of mature functioning cells in FLR
and
it does not require the recruitment of liver progenitor
[22-25]
cells
. More specifically, adult hepatocytes despite
the fact they normally do not undergo cell division,
[22]
they can proliferate in response to injury . In other
words, hepatocytes stay in G0 phase of the cell
[23,25]
cycle
but when a stimulus such as hepatectomy
or liver injury occurs, almost all (95%) hepatic cells
re-enter the cell cycle inducing DNA synthesis (S
phase-12h to 24h). DNA synthesis takes later place
[22,23,25]
in the non-parenchymal cells (NPCs)
. Complete
restoration of human liver mass requires less than
[22]
2 cycles of replication in all cells . Of interest, the
peak in DNA synthesis in rodents occurs later (36 h
[22]
after PHx) . DNA synthesis begins from periportal
area towards the central vein. Most of the increase in
liver mass occurs during the first 3 d after PHx and
[26]
parenchymal restoration is complete in 5-7 d .

Cytokine effects on liver regeneration

NF-κB and STAT-3 transcription factors are activated by
cytokines after PHx that led to the consumption that
[22,31]
cytokines might regulate the regenerative response
.
Experimental mouse studies demonstrated that after
[35,36]
PHx, normal liver regeneration requires IL-6
. IL-6,
though, it was not enough to generate this process,
as parenchymal regeneration is only delayed in the
[35]
absence of IL-6 .
At the same time, IL-6 is involved in several pro
cesses, including hepatoprotection, the acute-phase
response and mitogenesis. Binding of IL-6 to its
receptor IL-6R, stimulates the tyrosine-kinase activity
[37]
of the associated Janus-kinase-family (JAK) member .
[37]
Activated JAK then phosphorylates STAT-3 . After PHx,
-/liver regeneration is impaired in IL-6 mouse livers with
pathognomonic signs that of liver necrosis, reduced
hepatocyte-DNA synthesis and discrete G1-phase
[35]
abnormalities, including decreased STAT-3 activation .
The defect is limited to hepatocytes as the DNA-/[35]
synthesis response seems normal in IL-6 NPCs .
-/[38]
Similarly, using TNF-receptor-1 (TNF-R1) mice ,
it was found that TNF-α is also compulsory for nor
mal proliferation after PHx via the induction of IL-6.
The absence of TNF-α, though, does not affect liver
[39]
regeneration . Kupffer cells seem to produce most of
[40]
the IL-6 in the liver and TNF-α induces IL-6 production
by enhancing NF-κB, which in turn induced the
expression of IL-6.
Figure 1 illustrates all proposed mechanisms of liver
regeneration after injury.

role of growth factors in liver regeneration

Hepatocyte proliferation is also induced by potential
growth factors as hepatic growth factor (HGF),
tumor growth factor-alpha (TGF-α) and the anti[27]
proliferative factor TGF-β . However, it is not wellestablished if any of these factors play a vital role in
liver regeneration itself. HGF induces DNA synthesis
in hepatocytes but also alters its morphology. It
demonstrates pleiotropic effects on various signaling or
downstream pathways, including phosphatidylinositol
3-kinase (PI3K), extracellular signal-regulated kinases
[28]
(ERK), S6 kinase and AKT . In in vitro setting it
was found that the effect of HGF is mediated via up[29]
regulation of TGF-α .
Vascular-endothelial growth factor (VEGF) coun
teracts with liver sinusoids that leads to an increase in
HGF production by NPCs. This effect is dependent on
[30]
endothelial cells with unknown mechanism .

effect of Portal Flow on liver regeneration

As we have already analyzed, after injury, cytokine,
growth factors and hormonal expression, induce the
[25,41,42]
beginning and the termination of regeneration
.
Parenchymal hypertrophy is also mediated by
[43-45]
hemodynamic changes
and particularly by al
[46]
terations in portal flow . Portal vein obstruction by
PVE or PVL redirects portal vein flow toward specific
hepatic segments and is able to pre-operatively
increase the volume of FLR. The increase in portal
flow to the FLR after PVL or PVE stimulates liver
regeneration.
[47]
Wilms et al found that recanalization of segmental
portal neo-collaterals with occluded portal flow after PVE
and PVL are one of the reasons for failure of adequate
[44,48-50]
hypertrophy after technically successful PVE
.
[51]
Similarly, van Lienden et al
investigated intrahepatic
vascular changes in patients undergoing PVL and PVE in
correlation with hypertrophy and function of the left liver
lobe. All patients in PVL group developed intrahepatic

Involvement of transcription factors in hepatocyte
proliferation

Transcription factors including nuclear factor (NF)-
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Cytokine release

Growth factors

Liver injury

G0 → G1 → S phase →
DNA synthesis

IL-6, TNF-a

NPCs

HGF, TGF-a, VEGF, EGF

NF-kB and STAT-3

Hepatocyte
proliferation

Liver regeneration

Figure 1 Mechanisms of liver regeneration after liver injury. Green arrow indicates strong induction, orange arrow indicates secondary induction. NPCs: Nonparenchymal cells; IL-6: Interleukin-6; HGF: Hepatic growth factor; TGF-α: Tumor growth factor-alpha; EGF: Epidermal growth factor; VEGF: Vascular-endothelial
growth factor; NF-κB: Nuclear factor-κB; STAT-3: Signal transducer and activator of transcription.

portoportal collaterals through which the ligated portal
branches are reperfused within 3 wk and one patient
[51]
(7.1%) in the PVE group . The median increase of FRL
volume after PVE was 41.6 % (range: 10%-305%), and
after PVL was only 8.1% (range 0%-102%) (p = 0.179).
There were no differences in FRL function between both
[51]
groups . The absence of collaterals and recanalization
may explain the greater hypertrophy found in ALPPS,
[48-50]
an issue with very high clinical impact
.
ALPPS succeeds in preventing neo-collateral
formation across the ligated and non-ligated liver
lobes with additional hepatic parenchyma transac
tion step. Parenchymal transection in stage Ⅰ ALPPS
also creates a traumatic stimulus, which may also
[49]
contribute to the hypertrophy . PVL/PVE alone often
fail to generate adequate hypertrophy because of
[52]
distal porto-portal collateral formation
and proximal
portal vein occlusion causes portal cavernoma and
recirculation of blood from the non-occluded liver
[53]
[54]
to the occluded one . Dhar et al
demonstrated
portal pressure increase in the ALPPS group compared
with the ligation group, that in turn enhances shear
stress and provokes early regeneration in the ALPPS
[55]
group. Shindoh et al
demonstrated a variant of
PVE involving the segment IV that achieves similar
to ALPPS parenchymal regeneration. PVE though is
superior in terms of FLR regeneration compared with
[56]
liver resection alone .

for proliferation that is present in active cells, but
[57]
is absent in resting cells (G0) . In ALPPS setting
(experimental and clinical), the increase of Ki-67
expression after the procedure is a common finding.
[42]
In experimental setting, Schlegel et al
found a
rapid liver parenchymal increase (100% in the first
24h) after stage Ⅰ ALPPS that was combined with a
significantly higher Ki-67 expression compared with
[42]
simple transection, PVL and PHx group . These
results indicate that increased number of hepatocytes
enter the cell cycle after ALPPS than any other
[42]
intervention .
[54]
Furthermore, Dhar et al
demonstrated a sig
nificant FLR increase combined with increased periportal
hepatocyte proliferation (Ki-67 index) in the ALPPS
group compared with the PVL group at 24 h (P = 0.002)
[54]
and 48 h (p = 0.031) .
[58]
In the same frame, Wei et al
evaluated the
proliferation (1:50 monoclonal anti-BrdU antibody) of
hepatocytes after ALPPS compared with non-ALPPS
group (PVL, simple transection, PHx). The 2-fold
increase of liver lobe weight was combined with an
increased proliferation index (15.4% ± 0.9%) in
ALPPS group compared to control (8.6% ± 2.9%, P =
[58]
0.009) .
[59]
García-Pérez et al
demonstrated in an experi
mental model of ALPPS that mitotic figures detected
at 48 h were more prominent in ALPPS FLR compared
with PVL (P < 0.0001). As far as proliferation potential
is concerned, higher expression of Ki-67 was related
with in the ALPPS group at 48 h (P < 0.001 compared

Proliferation of hepatocytes after ALPPS

The Ki-67 protein is a well-established cellular marker
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[59]

[60]

with PVL group) . Finally, Shi et al
demonstrated
in an experimental model that ALPPS was correlated
with increased liver regeneration (liver weight to body
weight ratio) and increased hepatocyte proliferation
assessed by Ki-67 and proliferating cell nuclear antigen
(PCNA) activity compared with PHx and PVL group.
In pediatric liver with hepatoblastoma, a rapid
increase of FLR (46.1%) after stage Ⅰ ALPPS was
noted with concomitant increased expression of
Ki-67 in the left liver (proliferation index of right liver
and left lateral segment-LLS to be 2% and 20%
[61]
respectively) .
The proliferation after PVL can also affect tumor
[62]
cells in the affected hemiliver. Kokudo et al
found
increased Ki-67 expression of intrahepatic metastases
in the embolized liver after PVE. This finding is similar
in ALPPS despite a shorter interval between PVL and
parenchymal resection. In small series, an increase in
Ki-67 expression from 60% at stage Ⅰ ALPPS to 80%
[49,63]
at stage Ⅱ was noted
.
[49]
More specifically, Tanaka et al
evaluated the
proliferation of tumor cells after step I ALPPS in patients
with unresectable multiple liver metastases from
colorectal cancer (CLM) and pancreatic neuroendocrine
tumor. Control group for the comparison was chosen
a group of patients with CLM initially considered
unresectable with classical 2-stage hepatectomy. They
demonstrated an increase of FLR in ALPPS group of
40%-50% which was less than the one observed
in the classical 2-stage hepatectomy group (P <
[49]
0.01) , probably due to relatively large volume of liver
parenchyma heavily pretreated by chemotherapy in
ALPPS group, resulting in less capacity for regeneration.
Additionally, Ki67 expression in tumor cells was lower in
ALPPS group compared to classical 2-stage group (P =
[49]
0.09) . This finding may support a potential oncologic
benefit from ALPPS, with the short period between the 2
interventions helping to avoid risk of tumor progression.
[64]
Similarly, Matsuo et al evaluated the proliferation
potential in liver parenchyma after ALPPS or 2-stage
hepatectomy in patients with colonic liver metastases.
They used for this purpose a monoclonal antibody
against the Ki-67 antigen (MIB-1, 1:100). The mean
increase of FLR after stage Ⅰ ALPPS was 50% with
concomitant increased MIB-1 labeling (expressed in
7.8% ± 4.9% of hepatocytes in the ALPPS group,
[64]
compared to PVE group, 0.9% ± 0.7%, P = 0.01) .

procedures (ALPPS, PVL and transection) on cell cycle
regulators in experimental setting. Data extracted
from immunochemical staining indicated that ALPPS
stimulated cyclin D1 and cyclin E expression more
significantly compared with other procedures and
the maximum induction occurred on day 3 and day
[60]
2, respectively (P < 0.01 and 0.001 respectively) .
G1 Cdks as catalytic partner of cyclin E and cyclin
D1 to facilitate cells entering S phase. They were
also induced at 24 h after ALPPS, with a maximum
[60]
induction on day 3 compared with sham group .
Cdk2-associated kinase activity was also increased
[60]
during liver regeneration after ALPPS . Collectively,
these results demonstrated not only temporal increases
in the cyclin E/Cdk2 complex, but also concomitant
increases in Cdk2 kinase activity during hepatocyte
proliferation after ALPPS.

Cytokine release and inflammation after ALPPS

[42]

In the experimental setting, Schlegel et al
demon
strated that ALPPS-plasma injection after PVL triggers
comparable regeneration in terms of liver weight gain
and regeneration, as original ALPPS which was not
the case when plasma obtained from group of sham
laparotomy did not present any additional regeneration
when injected in PVL-treated livers. On the basis of
these experiments, it seems that the rapid liver volume
increase after ALPPS is triggered by systemic release
of putative initiators. After meticulous analysis of the
ALPPS plasma in PVL-treated mice, an early increase
of plasma IL-6 levels compared to PVL alone was
[42]
found . Of interest though, transection alone induced
similarly increased IL-6-expression at this early time
[42]
point . Genomic evaluation revealed significant upregulation of IL-6-mRNA and TNF-α-mRNA 1 h after
step Ⅰ of ALPPS or transection. These findings were
confirmed in clinical setting, where increased gene
expression of IL-6 and TNF-α was found in liver tissue
[42]
and plasma 1 hour after step Ⅰ ALPPS or PVL alone .
All in all, the contribution of the IL-6-TNF-α-STAT3pathway to the rapid liver hypertrophy after step I
ALPPS is suggested in both clinical and experimental
setting. Moreover, no changes in CD31 and VEGF
expression was found in regenerating lobe during the
[42]
ﬁrst week after ALPPS or PVL .
[54]
In the same setting, Dhar et al demonstrated that
the cytokine-induced neutrophil chemoattractant -1
(CINC-1) had its highest levels in liver tissue with main
difference in expression between the ALPPS and PVL
[54]
group was in IL-6 expression at 24 h . Finally, ALPPS
group demonstrated increased VEGF and interferon
[54]
gamma expression at 48 h . In terms of inflammatory
cells, ALPPS group demonstrated higher early infiltration
of liver by inflammatory cells compared with PVL (P =
[54]
0.021) .
[60]
Shi et al
also investigated gene and cytokine
involvement in liver regeneration after ALPPS. Results
indicated that the levels of IL-6, NF-κB p65, STAT3,

Expression of cell cycle regulators after ALPPS

In ALPPS setting, both TNF-α and HGF can activate
JNK and MAPK-ERK pathways and they can also induce
[65]
the expression of cyclin D1 . In the regenerating liver,
activation of cyclin D1 induces the progression of cell
[66]
cycle through G1 and entry into S phase . Cyclin-D1
expression is induced by IL-6 whereas the expression
of the S-phase cyclins A and B1 is induced by insulin[22]
like-growth-factor binding protein .
[60]
Shi et al
evaluated the effect of the different
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Table 1 Experimental associating liver partition with portal vein ligation for staged hepatectomy models
Ref.

Year

Species

PVL

PHx in
stage Ⅰ

PHx in
stage Ⅱ

Loss of liver
mass

Atrophy of
ligated lobe
on day 7

Future
remnant liver
lobe

Fold increase
on day 7

Proliferation

Schlegel et al[42]

2014

Mouse

LLL (30%)

Ligated
lobes

LML (15%)

4-fold

Peaked on
day 4

2014

Rat

NA

NA

85% totally
(55% PVL +
30% PHx)
80% PVL

NA

Yao et al[70]

NA

RML (20%)

2.5-fold

Peaked on
day 2

Almau Trenard et al[71]

2014

Rat

NA

NA

80% PVL

Reduction to
35.2%

RML (20%)

2-fold

NA

Dhar et al[54]

2015

Rat

NA

NA

80% PVL

NA

RML (20%)

2-fold

Peaked on
day 2

Wei et al[58]

2015

Rat

CL (10%)

Ligated
lobes

RML (20%)

2.53-fold

Peaked on
day 1

2015

Rat

RML (20%)

Ligated
lobes

80% totally
(70% PVL +
10% PHx)
80% totally
(60% PVL +
20% PHx)

Reduction to
48.2%

García-Pérez et al[59]

N/A

LML (22%)

2-fold

Peaked on
day 2

Shi et al[60]

2015

Rat

RML
RL
CL
LLL
LML
RL
CL
LLL
LML
RL
CL
LLL
LML
RL
CL
LLL
LML
RL
RSL
RIL
LLL
RML
RML
RL
CL

LLL (30%)

Ligated
lobes

80% totally
(50% PVL +
30% PHx)

Reduction to
34.9%

LML (20%)

2.3 fold

Peaked on
day 2

ALPPS: Associating liver partition with portal vein ligation for staged hepatectomy; CL: Caudate lobe; LLL: Left lateral lobe; LML: Left median lobe; PHx:
Partial hepatectomy; PVL: Portal vein ligation; RL: Right lobe; RSL: Right superior; RIL: Right inferior; RML: Right portion of the middle lobes.

Table 2 Comparison of the effect of different techniques on liver regeneration
Intervention

Cytokine
release

Growth factor
expression

DNA
synthesis

Portal vein
flow decrease

Hepatocyte
hypertrophy
induction

Increased
NPC activity

Atrophy of
the affected
lobe

Ref.

PVL
PVE
Parenchymal
Transection
ALPPS

++
+
+++

++
+
+

++
+
+

++
+
0

++
+
+

++
++
+

++
+
+

[42,54,58-60,70,71]
[42,54, 58-60,70,71]
[42,47-49,54,58-61,64,70-72]

+++

+++

+++

+++

+++

+

+++

[42,47-49,54,58-61,64,70-72]

[59]

TNF-α, EGF, HGF, ERK-1/2 and YAP were significantly
increased in the ALPPS group compared with the
other groups (PVL and transection alone), suggesting
that these factors might play important roles in the
[60]
fast liver regeneration after ALPPS . As expected,
the mRNA levels of these cytokines were also highly
increased in the regenerating lobes 24 h, 3 d and 5 d
[60]
after ALPPS .
[59]
García-Pérez et al
showed in an experimental
model of ALPPS that HGF expression in FLR after PVL
was increased compared with ALPPS at 24 h (P <
[59]
0.05) . At 48h, ALPPS was associated with higher
expression of HGF and TGF-α (P < 0.05) with similar
[59]
relative expression of TGF-β in both groups . Later,
the HGF and TGF-β levels were still higher on ALPPS
[59]
group (P < 0.005 and P < 0.05 respectively) .
Interestingly, hepatic transection caused an increase in
the number of Kupffer cells in ALPPS group at 24 h (P
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< 0.01) .
Table 1 summarizes the data of the experimental
models of ALPPS. Table 2 summarizes the mechanistic
effect of each modality (PVE, PVL, simple transection
and ALPPS) in liver regeneration. Figures 2 and 3
illustrate the potential mechanisms of liver regeneration
after ALPPS as well as the cascade of events leading to
liver volume restoration.

Histological changes after ALPPS
[64]

Matsuo et al
evaluated the special histologic cha
racteristics of hepatocytes after ALPPS compared with
liver tissue retrieved from patients undergoing PVE
or staged hepatectomy PVE after chemotherapy. In
the area of the FLR, glycogen-rich, vacant-cytoplasm
bright-appearing hepatocytes were more frequent in
ALPPS than in PVE. Both hepatocyte brightness and
sinusoidal narrowing were observed more frequently
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ALPPS
Portal vein ligation

Cytokine release
Early increase in IL-6, TNF-a and
CINC-1

G0 → G1 → S phase →
DNA synthesis
Growth
factors

(1) Absence collaterals
and recanalization
(2) Increased portal
pressure and shear
stress

Increased cyclin expression
IL-6-TNF-a-STAT3-pathway

Liver regeneration

Hepatocyte
proliferation

Figure 2 Mechanisms of liver regeneration after associating liver partition with portal vein ligation for staged hepatectomy. Green arrow indicates strong
induction, orange arrow indicates secondary induction. IL-6: Interleukin-6; TGF-α: Tumor growth factor-alpha; STAT-3: Signal transducer and activator of transcription;
CINC-1: Cytokine-induced neutrophil chemoattractant-1; ALPPS: Associating liver partition with portal vein ligation for staged hepatectomy.

Portal ven
occlusion/
parenchymal
transection

Hepatocyte
proliferation
(peak 48 h)

NPcs
response
(36-72 h)

Cytokine
increase (24 h)

DNA
synthesis

Expanding liver
volume and
architecture

IT-6-TNF-aSTAT-3
pathway

Expression of
growth factors

Regenerated
liver (day 7)

Figure 3 Cascade of mechanisms involved in liver regeneration after associating liver partition with portal vein ligation for staged hepatectomy. STAT-3:
Signal transducer and activator of transcription; NPCs: Non-parenchymal cells; IL-6: Interleukin-6.
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in ALPPS than in PVE (P = 0.025) . Hepatocyte cell
density was greater and hepatocyte size was smaller
in the ALPPS group than in the PVE group (P <
[64]
0.01) . In the ligated liver part, hepatocyte atrophy,
degeneration or necrosis, sinusoidal dilation, fibrosis
and congestion all were more frequent with ALPPS
than with PVE (P = 0.001, P = 0.001, P = 0.002, P <
[64]
0.001, and P < 0.001, respectively) . Cytoplasmic
organelles such as mitochondria and endoplasmic
[64]
reticulum were fewer than in the PVE group . All
these findings are indicative of cell immaturity in
ALPPS setting.
In an experimental model of ALPPS, García-Pérez et
[59]
al
demonstrated that the main histological features
on the atrophic lobes were periportal congestion,
sinusoid dilation and areas of necrotic or apoptotic
hepatocytes.

These models included the transection of the median
lobe, but differed on the extent of the FLR, PVL the
[42]
additional PHx. The mouse model of Schlegel et al
demonstrated a 55% PVL and a 30% PHx in the first
[54,58-60,70,71]
stage ALPPS. The rat models
consisted of an
80% PVL via ligation of all but the right median lobe.
Mouse model demonstrated a regenerative potential
on the first postoperative day and reached the peak
[22]
[70]
on postoperative day 4 . Yao et al , García-Pérez
[59]
[54]
et al and Dhar et al observed a proliferation peak
on day 2, which is usually observed after classic PVL.
Despite the fact that liver mass reduction is similar
[58]
to all models, Wei et al
demonstrated a peak of
proliferation on first postoperative day, as observed
after the classic 70% PHx. Subsequently, the increase
in FLR in that study was slightly higher than other
rat models. The differences in proliferative kinetics
suggest that even small differences in the ratio
between the extent of PVL and PHx may produce a
substantial effect on the time course of intrahepatic
size regulation. The main disadvantage of these
models is that they evaluated liver regeneration after
injury in healthy tissues, which is not representative to
clinical practice. Future research should focus on liver
regeneration after ALPPS in models of liver disease.
At the same time, several clinical settings evalua
ting the regenerative potential after ALPPS in pati
ents with primary or secondary (colonic) metastatic
[48,49,61,64,72]
disease
. The design of these studies included
a group of patients with metastatic liver disease
and a group of patients with unresectable tumors
that underwent 2-stage hepatectomy. The common
finding of these studies was that the ALPPS group
demonstrated a higher hepatocyte proliferation potential
(assessed by Ki-67).
As far as the mechanistics of liver regeneration
[42]
after ALPPS is concerned, Schlegel et al
showed
that parenchymal transection induces an inﬂammatory
response in terms of growth factor and cytokines
release contributing to regeneration. The response,
though, is not organ-specific, induced by soluble
initiators in the circulation. The observation of ac
celerated regeneration, when injecting plasma obtained
from mice after step Ⅰ ALPPS to animals undergoing
PVL alone, strongly supports the existence of soluble
growth factors. The similar effects on regeneration
achieved by injuries to other organs further point out
to existence of soluble mediators of liver regeneration,
additionally suggesting that the origin of the circulating
growth factors is not “liver-speciﬁc.”
The detection of similar enhanced release of
proinﬂammatory cytokines in samples obtained in
[42]
ALPPS and PVL
patients is indicative of the crucial
role of portal vein flow changes in inducing the
regeneration process, especially early postoperatively.
After the initial stage of injury due to portal vein
flow changes, ALPPS group demonstrated dramatic
increase of instigators of regeneration (IL-6 and
TNF-α) compared with PVL alone but similar to

DISCUSSION
The ALPPS technique has taken its place in liver
surgery as alternative in those cases in which the
FLR volume is inadequate for normal liver after
parenchymal resection and shortens the gap between
the first and second step avoiding the risk of tumor
progression. This rising interest in ALPPS has, and will
further, evaluate the efficacy of technical innovations
to address the initial concern about high complication
[67]
rates and long-term survival .
This analysis shed light to the potential mecha
nisms involved to liver regeneration after ALPPS
by presenting well-established knowledge on liver
regeneration per se and emerging knowledge on liver
regeneration induction after ALPPS, PVL, PVE and
simple parenchymal transection.
In a meta-analysis of portal vein obstruction as a
stimulus to induce liver hypertophy, PVE with various
methods of embolization induced a mean volumetric
[15]
increment by 8%-27% over a period of 2-6 wk and
PVL achieved a FLR volumetric increment by 38%-53%
[68]
over a period of 4-8 wk . These differences in liver
regeneration indicate the crucial role of portal vein
occlusion in inducing the regeneration process. On the
contrary, ALPPS procedure achieves a variable increase
in the FLR ranging from 21%-200%. This could be
partially attributable to the presence of underlying
parenchymal liver diseases (cirrhosis and chronic liver
diseases).
At the same time, besides enhancing extended liver
hypertrophy, ALPPS procedure increases liver atrophy
compared with PVL without transection. This could
be mainly attributed to the inadequate portal blood
supply that causes significant atrophy that stands for
greater liver mass and volume loss, which stands of an
[69]
important regenerative trigger .
Novel knowledge about the mechanisms of liver
regeneration after ALPPS were established by many
variants of ALPPS model. Seven different experiments
[9,42,70,71]
of ALPPS were reported in the literature
.
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transection alone . Surgical procedures of similar
invasiveness (split liver in liver transplantation or living
liver donation) were shown to induce comparable
systemic inﬂammation and cytokine release as in the
[24,73,74]
liver tissue early after step 1 of ALPPS
. This
finding is indicative that ALPPS due to its dual nature
(PVL+ transection) manages to keep high levels of
expression of cytokines and growth factors that could
explain the rapid liver regeneration potential of this
technique. Liver transection with the PVL can induced
programmed cell death followed by cytokine surge that
facilitates accelerated liver regeneration.
Hepatocytes are the crucial player in liver rege
neration after ALPPS since liver injury initiates high
expression of cytokines, growth factors and cell
cycle promoters, such as cyclins that lead quiescent
hepatocytes to enter G1 and S phase of cell cycle and
eventually proliferate (assessed by Ki-67 expression).
This concept is similar to liver regeneration after injury
of any kind. The leading pathway of the cascade
above is IL-6- TNF-α-STAT-3 pathway. One interesting
finding though is that after ALPPS, the majority of
the hepatocytes that contribute to the regeneration
are immature cells (narrowing of sinusoidal spaces,
organelle distribution pattern) compared to the mature
cells (numerous lipofuscin granules) that are involved
[64,75]
in regeneration process after PVE
. Proliferation of
hepatocytes begins from periportal area and is directed
towards central vein area.
Among the wide range of cytokines examined in
[54]
the literature, Dhar et al
suggested that CINC-1
had the strongest and early significant expression in
the ALPPS liver when compared with the PVL liver,
supporting a crucial role of CINC-1 in the ALPPS
associated regeneration. Interestingly, Kaibori et
[76]
al
noticed that CINC-1 induced by HGF produced
enhanced proliferative and angiogenic activities
through NFkB activation in the liver. The increased
IL-6 level concords with the majority of animal models
of ALPPS, where a significant increase in plasma IL-6
in the ALPPS group compared with the PVL group
is demonstrated. Early activation of IL-6/STAT3
pathway in macrophages facilitates the generation
of chemokines such as MIP-a and the migration of
bone marrow derived MSCs to the liver during the
[77]
restitution of liver mass .
The role of NPCs (Kupffer cells, endothelial cells) in
liver regeneration after ALPPS is not elucidated. The
majority of studies agree that its role is supportive
rather than fundamental in terms of maintaining a
cytokine-rich liver microenvironment (INF-γ, IL-6)
that induces local inflammatory response to ALPPS.
[78]
In different setting, Tanaka et al found an increased
number of Kupffer cells infiltration following PVE + PHx
compared with PHx only group following endotoxin
challenge in rats. Literature stands also equivocal
towards VEGF, but it seems that throughout this
regenerative process, not extensive angiogenesis
takes place. All in all, liver parenchymal cells, as well
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as resident NPCs and infiltrated inflammatory cells
seem to play crucial roles in the ALPPS-induced liver
hypertrophy.
ALPPS represents a real breakthrough in the
history of liver surgery because it offers rapid liver
regeneration potential that facilitate resection of liver
tumors that were previously though unresectable.
The jury is still out though in terms of safety, efficacy
and oncological outcomes. Liver regeneration after
ALPPS is a combination of portal flow changes and
parenchymal transection that generate a systematic
response inducing hepatocyte proliferation and
remodeling. Further research on the field should focus
on the role of NPCs in liver regeneration as well as on
the effect of ALPPS in liver regeneration in the setup of
parenchymal liver disease.

COMMENTS
COMMENTS
Background

Associating liver partition and portal vein ligation for stage hepatectomy (ALPPS)
has been recently advocated to induce rapid future liver remnant hypertrophy
that significantly shortens the time for the second stage hepatectomy

Research frontiers

Liver regeneration after ALPPS is a combination of portal flow changes and
parenchymal transection that generate a systematic response inducing
hepatocyte proliferation and remodeling. To date, no data are questions are
risen about the safety, efficacy and oncological outcomes of ALPPS. In terms of
liver regeneration, further research on the field should focus on the role of nonparenchymal cells in liver regeneration as well as on the effect of ALPPS in liver
regeneration in the setup of parenchymal liver disease.

Innovations and breakthroughs

This is-the first to the authors knowledge-systematic review about the
mechanisms of liver regeneration after ALPPS.

Applications

This article highlights the potential mechanisms of regeneration in the ALPPS
models (clinical and experimental) that could unlock the myth behind the
extraordinary capability of the liver for regeneration, which would help in
designing new therapeutic options for the regenerative drive in difficult setup,
such as chronic liver diseases.

Terminology

ALPPS operation is divided in two steps. The first consists of exploratory
laparotomy, assessment of resectability with intraoperative ultrasound
and positioning the tumor in relation with vessels. The liver is mobilized by
dissecting the ligaments. The right liver lobe is completely mobilized from the
cava vein. After the right portal vein branch is identified, it is divided. Right
hepatic artery and right hepatic duct are identified and also kept. Finally, total
parenchymal dissection at the right of the falciform ligament is performed. After
in situ splitting, the right lobe is covered by a biomaterial and the abdomen
is drained and closed. The second step of the procedure is completed by relaparotomy. The right hepatic artery, right hepatic duct and the right hepatic vein
are ligated. The liver resection is completed. The left lateral lobe is then fixed to
the remnant falciform ligament.

Peer-review

The manuscript provides a wide vision of liver regeneration in the context of
different therapeutic interventions combining results from experimental models
and from the clinical management of patients suffering from parenchymal liver
disorders. All issues discussed are relevant, provide molecular mechanisms
that might well explain the clinical observations and leave still open questions
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that will surely foster future investigation avenues.
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Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
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Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong

II

Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yan-Chang Lei, Hangzhou
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima

WJG|www.wjgnet.com

Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
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REVIEW

Preventive health measures in inflammatory bowel disease
Ayokunle T Abegunde, Bashir H Muhammad, Tauseef Ali

Abstract

Ayokunle T Abegunde, Tauseef Ali, Section of Digestive
Diseases and Nutrition, Department of Medicine, Oklahoma
University Health Sciences Center, Oklahoma City, OK 73104,
United States

We aim to review the literature and provide guidance
on preventive health measures in inflammatory bowel
disease (IBD). Structured searches were performed
in PubMed, MEDLINE, EMBASE, Web of Science and
Cochrane Library from January 1976 to June 2016
using the following keywords: (inflammatory bowel
disease OR Crohn’s disease OR ulcerative colitis) AND
(health maintenance OR preventive health OR health
promotion). Abstracts of the articles selected from each
of these multiple searches were reviewed, and those
meeting the inclusion criteria (that is, providing data
regarding preventive health or health maintenance in
IBD patients) were recorded. Reference lists from the
selected articles were manually reviewed to identify
further relevant studies. Patients with IBD are at
increased risk of developing adverse events related
to the disease course, therapeutic interventions, or
non-adherence to medication. Recent studies have
suggested that IBD patients do not receive preventive
services with the same thoroughness as patients with
other chronic diseases. Preventive health measures
can avert morbidity and improve the quality of life of
patients with IBD. Gastroenterologists and primary care
physicians (PCPs) should have an up to date working
knowledge of preventive health measures for IBD
patients. A holistic approach and better communication
between gastroenterologists and PCPs with explicit
clarification of roles will prevent duplication of services
and streamline care.

Bashir H Muhammad, Department of Medicine, Oklahoma
University Health Sciences Center, Oklahoma City, OK 73104,
United States
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Core tip: Preventive health measures can avert
morbidity and improve the quality of life of patients with
inflammatory bowel disease (IBD). Gastroenterologists
and primary care physicians (PCPs) should have an
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up to date working knowledge of preventive health
measures for IBD patients. A holistic approach and
better communication between gastroenterologists
and PCPs with explicit clarification of roles will prevent
duplication of services and streamline care.

disease OR ulcerative colitis) AND (health maintenance
OR preventive health OR health promotion). Reference
lists from the articles selected by electronic searching
were manually reviewed to identify further relevant
studies. Abstracts of the articles selected in each of
these multiple searches were reviewed, and those
meeting the inclusion criteria (that is, providing data
regarding preventive health or health maintenance in
IBD patients) were recorded.

Abegunde AT, Muhammad BH, Ali T. Preventive health measures
in inflammatory bowel disease. World J Gastroenterol 2016;
22(34): 7625-7644 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i34/7625.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i34.7625

SMOKING CESSATION
Smoking has a negative effect on patients with Crohn’s
disease (CD) in addition to the known risks of cardiac,
respiratory, and oncologic disease. A survey of 675 IBD
patients found that active smoking is a risk factor for
CD and passive smoking is detrimental to the prognosis
of CD. Among patients with UC, active smoking
[5]
shows beneficial effects . Current smoking increases
the risk of developing CD and worsens its course,
increasing the need for steroids, immunosuppressive
[5]
therapy (IST), and reoperations . On the contrary,
smoking protects against UC, improves its course
after disease onset, and decreases the need for
[5]
colectomy . Therefore, achieving smoking cessation
is an important goal of therapy in patients with CD. In
patients with UC, the benefits of smoking on disease
control must be balanced against the risk of non-IBD
smoking related adverse effects. Smoking cessation is
best achieved by a multidisciplinary approach through
dedicated smoking cessation clinics with access to
counselling, nicotine replacement therapy (NRT),
[6,7]
and medication . Brief interventions during clinical
encounters (asking patients about current smoking
habit; advising them to stop smoking; assisting with
[6,7]
NRT and arranging follow-up) may also be effective .
Bupropion approximately doubles quit rates compared
[8]
with placebo in the general population . In patients
with CD, bupropion has been shown to be effective
as an anti-smoking agent with mood stabilizing
properties. The combination of NRT and bupropion was
shown to improve the chance of achieving smoking
cessation in CD patients by up to 20% compared
[9]
with an unassisted quit attempt . NRT had no effect
in modifying disease in UC patients who stopped
smoking, suggesting that the beneficial effect of
smoking in UC is not modulated via nicotine pathways.
Varenicline is associated with higher rates of smoking
[8]
cessation than bupropion and other forms of NRT .
There are no RCTs using varenicline for smoking cessa
tion in UC or CD; however, a cohort study (TABACROHN)
has reported very good outcomes in CD patients
[10]
treated with varenicline . Smoking cessation should
be strongly advocated by gastroenterologists and PCPs
in all CD patients that are current smokers because
patients who quit smoking have a reduced number of
relapses compared to continuing smokers [incidence
rate ratio 0.84 (95%CI: 0.45-1.52) vs 1.53 (95%CI:
1.10-2.17)], which in turn reduces the use of biologics

INTRODUCTION
Inflammatory bowel disease (IBD) is one of the five
most prevalent chronic gastrointestinal conditions in
the United States, with an overall yearly health care
[1]
cost of more than 1.7 billion . IBD has no cure and
patients commonly require a lifetime of care; thus
effective preventive measures to reduce morbidity,
hospitalization, and surgery are critical to improving
disease free remission and quality of life. Studies have
shown that IBD patients do not receive preventive
services with the same thoroughness as other medical
[2]
patients . Several reasons for this disparity have been
suggested; first, there is a greater focus on disease
(symptom) control rather than preventive measures.
Second, gastroenterologists are often the main care
provider for patients with IBD and visits to the primary
[2,3]
care physician (PCP) are often infrequent . Third,
there is a lack of consensus regarding which provider
(gastroenterologist or PCP) should offer preventive
services and the limits of responsibility for providing
[2,3]
preventive services . Other barriers to providing
preventive services such as time constraints, patient
refusal, and reimbursement issues have also been
[2,4]
identified . These barriers to preventive care for IBD
patients may ultimately affect the quality of care and
patient outcomes. Therefore, gastroenterologists need
to take a proactive role in the preventive health care
needs of IBD patients by clarifying with each patient
the limits of responsibility for preventive health and
alerting PCPs to the unique health maintenance needs
of IBD patients. Identifying which preventive measures
are better delivered at the primary, secondary and
tertiary care level is crucial to the delivery of quality
care. This article reviews health interventions to
prevent morbidity and mortality in IBD patients with
emphasis on the location where such interventions are
best delivered.

SEARCH STRATEGY
Bibliographical searches were performed in PubMed;
MEDLINE; EMBASE; Web of Science and Cochrane
Library from 1976 up to April 2016 using the following
keywords: (inflammatory bowel disease OR Crohn’s
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myokines released during skeletal muscle contractions
which inhibit the release of proinflammatory mediators
[13]
from visceral fat . There is some evidence that PA
may improve quality of life and reduce disease activity
[15]
in patients with IBD . Thus PA may be useful as an
adjunctive therapy in IBD by potentially improving
psychological health, nutritional status, immunological
response, bone mineral density and reversing the
[16,17]
decrease of muscle mass and strength
. Further
studies are required to confirm these observations and
establish exercise regimes for different IBD patient
groups and an acceptable limit for physical activity in
IBD patients.

Table 1 Pathogenesis of micronutrient deficiency in
inflammatory bowel disease
Decreased food intake
Anorexia (TNF-mediated)
Mechanical (fistulas, post-operative)
Avoidance of high-residue food
(can worsen abdominal pain/diarrhea)
Avoidance of lactose-containing foods
(high rates of concomitant lactose intolerance)
Increased intestinal loss
Diarrhea (increased loss of Zn2+, K+, Mg2+)
Occult/overt blood loss (iron deficiency)
Exudative enteropathy
(protein loss, and decrease in albumin-binding proteins)
Steatorrhea (fat and fat-soluble vitamins)
Malabsorption
Loss of intestinal surface area from active inflammation, resection,
bypass or fistula
Terminal ileal disease associated with deficiencies in B12 and
fat-soluble vitamins
Hypermetabolic state
Alterations of resting energy expenditure
Drug interactions
Sulfasalazine and methotrexate inhibits folate absorption
Glucocorticoids impair Ca2+, Zn2+, and phosphorus absorption,
vitamin C losses and vitamin D resistance
Cholestyramine impairs absorption of fat-soluble vitamins, vitamin
B12 and iron
Long-term total parenteral nutrition
Can occur with any micronutrient not added to TPN
Reported deficiencies include thiamine, vitamin, and trace elements
Zn2+, Cu2+, selenium, chromium

NUTRITION
A diet rich in polyunsaturated fats and low in fiber
[18]
may be associated with an increased risk of IBD .
Enteral nutrition may improve CD flares and decrease
the need for steroids in children and adolescents;
however, no defined diets have been shown to
consistently improve the disease course in adults with
[19]
CD or UC . High intake of dietary fiber, particularly
fruits and cruciferous vegetables is associated with
decreased risk of CD, but not UC (HR = 0.59; 95%CI:
[20]
0.39-0.90) . Further studies are needed to define the
role of specific diets in preventing disease progression
in IBD.

Adapted from Hwang et al[21]. TNF: Tumor necrosis factor.

Screening for malnutrition and micronutrient
deficiencies

Patients with IBD are at increased risk of malnutrition
[21]
via several mechanisms (Table 1) . IBD patients
with clinical symptoms should be evaluated for their
micronutrient status and identified deficiencies should
be corrected. In IBD patients without clinical symptoms
it is advisable to screen for common micronutrient
deficiencies such as folate, iron and 25-hydroxyvitamin
[21,22]
D
. Patients with CD and extensive bowel resection
are particularly at risk for vitamin B12 deficiency,
therefore, checking serum levels of vitamin B12 is
[21,22]
recommended
. There are no current guidelines
for assessment of micronutrient deficiencies in IBD
patients and recommendations are based on expert
[22]
opinion .

[10]

and need for surgery

.

PHYSICAL ACTIVITY AND EXERCISE
IBD patients may have physical and psychological
complaints that may impair their quality of life.
Preliminary studies demonstrate that moderate
[11,12]
exercise may diminish some symptoms of IBD
.
Additionally, the increasing prevalence of obesity in
IBD patients may be associated with higher disease
[13,14]
activity
. Physical activity improves quality of
life without detrimental effect on disease activity;
it may also increase muscle mass and prevent oste
[14]
oporosis . A retrospective cohort study of 240984
adolescent male military recruits revealed that physical
fitness may reduce systemic inflammation levels
[12]
relevant to the risk of symptomatic CD and UC .
Low fitness was associated with an increased risk
of IBD [unadjusted HR = 1.62 (95%CI: 1.31-2.00)
[12]
for CD and 1.36 (95%CI: 1.17-1.59)] for UC . The
inverse association of physical fitness with IBD risk
[12]
suggests a protective role for exercise . However, the
association between fitness and IBD may be due to
prodromal disease activity reducing exercise capacity
[12]
and therefore fitness . It has been hypothesized that
the beneficial effect of regular exercise in IBD patients
may be in part due to the anti-inflammatory effects of
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SCREENING FOR ANEMIA
Anemia is one of the most common extra-intestinal
[23]
manifestations of IBD . According to one study
one-third of patients with IBD have hemoglobin
[24]
levels below 12 g/dL . The anemic state is strongly
correlated with quality of life, and is an important
problem in the therapeutic management of patients
[25]
with chronic disease . Anemia in IBD patients
involves multiple pathogenic mechanisms. Although
ongoing blood loss from chronically inflamed intestinal
mucosa and micronutrient deficiency (iron and B12)
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are the main mechanisms underlying the development
of anemia in patients with IBD, chronic inflammation,
hemolysis, and medication-induced myelosuppression
may also play important roles in both the development
[26,27]
and management of anemia
. Anemia of chronic
disease and iron deficiency anemia are the two most
[28,29]
common causes of anemia in patients with IBD
.
The World Health Organization defines anemia as
hemoglobin levels < 13 g/dL (hematocrit < 39%)
in males, < 12 g/dL (hematocrit < 36%) in nonpregnant females, and < 11 g/dL (hematocrit <
[30]
33%) in pregnant females . Severe IDA is defined
as hemoglobin levels < 10 g/dL. If a patient meets
WHO criteria for anemia, a basic anemia workup
should be initiated to determine the cause of anemia.
The basic workup includes a complete blood count,
serum ferritin, transferrin, transferrin saturation,
and C-reactive protein. If the cause of anemia is
unclear despite the results of the above workup,
more extensive testing is recommended. Further
tests include vitamin B12, folic acid, haptoglobin,
lactate dehydrogenase, creatinine, and reticulocyte
[31]
counts . Based on expert opinion and common
clinical practice, screening for anemia in IBD patients
is recommended at least every 3 mo for outpatients
with active disease, and once every 6 to 12 mo for
patients in remission or with mild disease; screening is
[31]
not applicable to hospitalized patients . Treatment of
anemia based upon the etiology should be started as
soon as possible. In patients with IDA and hemoglobin
> 10 g/dL, mildly active, or quiescent IBD, oral iron
[32]
supplementation is adequate treatment . According
to an international consensus statement, the preferred
route of iron supplementation in IBD is intravenous,
particularly, if the patient’s Hgb level is < 10 g/dL
[31,33]
in the setting of active disease
. In a patient
population with the predisposition for anemia, such as
IBD patients, early diagnosis and management of iron
deficiency can promptly reduce hospital visits, improve
quality of life, reduce loss of work, and, ultimately,
[31,33]
lower health care costs
.

risk of fragility fractures in the absence low BMD
[37]
for reasons that are not completely understood .
The etiology of osteoporosis and osteopenia in IBD
is multifactorial; risk factors include; corticosteroid
use, age, malnutrition, vitamin D deficiency, calcium
malabsorption, immobilization, degree of underlying
[38]
GI inflammation and lower levels of sex hormones .
Corticosteroid use is the strongest risk factor associated
with osteoporosis. IBD patients on steroids for greater
than three months have a significant increased risk of
[38]
osteoporosis and fracture . Data on the prevention
and treatment of osteoporosis in IBD are derived
from observational studies and low quality RCTs in
postmenopausal women with non-IBD inflammatory
[39,40]
conditions
. The American Gastroenterological
Association guidelines recommend DEXA screening in
IBD patients with one or more risk factors: history of
vertebral fractures, postmenopausal females, males
> 50 years of age, chronic corticosteroid therapy, or
[39]
hypogonadism . If the initial DEXA is normal, the AGA
recommends repeat testing in 2-3 years. If the patient
has osteoporosis, or has a history of a low trauma
fracture, evaluation for secondary causes should be
completed. Suggested studies include a complete blood
count, serum concentrations of alkaline phosphatase,
calcium, creatinine, 25-OH vitamin D, serum protein
electrophoresis, and testosterone level in males.
Utilization of these guidelines potentially increases the
number of screened patients and should lead to earlier
diagnosis and treatment. In a single center cohort
study of 100 consecutive IBD patients that met the
AGA criteria for initial DEXA screening, osteoporosis
was found in 12%, osteopenia in 44% and normal
BMD in 44% of patients. Pharmacologic therapy
was initiated in 89% of these patients, with 69%
receiving calcium and vitamin D, and 20% receiving
[41]
bisphosphonates . Although this was a small study
with limited generalizability, it showed that following
guidelines led to interventions that might ultimately
[41]
reduce fracture risk . Interventions such as weight
bearing, isotonic exercise, smoking cessation, avoiding
alcohol excess, and maintaining adequate dietary
calcium (> 1 g/d) have been shown to be beneficial in
the prevention of osteoporosis in other inflammatory
[39]
conditions and are recommended by the AGA .
Minimizing the use of glucocorticoids is the most crucial
intervention to prevent osteoporosis in patients with
IBD. In patients with established osteoporosis, the
use of bisphosphonates, calcitonin and its derivatives,
raloxifene, and teriparatide have been shown to reduce
or prevent further bone loss in post-menopausal
[42-44]
women and men with hypogonadal osteoporosis
.
A recent meta-analysis showed that bisphosphonates
are effective and well tolerated for the treatment of low
BMD in male and female patients with IBD and reduces
[43]
the risk of vertebral fractures . However there was
insufficient data to support the efficacy of calcium and
vitamin D, fluoride, calcitonin, or low-impact exercise
[43]
in IBD patients . Hormone replacement therapy is no

BONE HEALTH
Prevention of osteoporosis and osteopenia

There is a high prevalence of osteoporosis (17%-41%)
[34,35]
and osteopenia (22%-77%) in patients with IBD
.
Observational studies have shown a modest increased
risk of osteoporotic fractures in patients with IBD
[34,35]
compared to the general population
. Dual-energy
X-ray absorptiometry scanning is the gold-standard
[36]
test for the diagnosis of osteoporosis and osteopenia .
Osteoporosis is diagnosed when an individual’s bone
mineral density (BMD) at the hip or spine is more
than 2.5 standard deviations below the mean for
young healthy sex- and race-matched young adults
(T-score less than-2.5). Osteopenia is diagnosed when
the BMD is between -1 and -2.5 standard deviations
[36]
(T-score of -1 to -2.5) . IBD patients are at increased
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tumor necrosis factor (Anti-TNF) therapy, either
currently or within 3 mo of stopping therapy with any
of the aforementioned medications, and significant
[55]
protein-calorie malnutrition . Patients at high risk
for TB infection such as those with prior exposure
or patients with history of Bacillus Calmette-Guerin
vaccine should be screened for latent or active TB prior
[55-57]
to initiation of IST or biologic therapy
. T-cell-based
assays such as QuantiFERON (Cellestis) or T-Spot
[55-57]
(Oxford Immunotec) are the preferred tests
.
Patients found to be positive for latent or active TB
prior to initiation of IST should be referred to an
infectious diseases (ID) specialist and treated before
starting therapy. Similarly, patients who are found
to be positive on IST should be referred to ID and
[55,56]
treated after stopping IST
. IBD patients should be
screened for hepatitis B virus (HBV) prior to initiation
[55-57]
of IST
. Reactivation of HBV infection has been
reported in IBD patients with chronic HBV (HBsAg
positive) and prior exposure (HBcAb positive) on
[55-57]
IST
. IBD patients without prior exposure to HBV
should be vaccinated and those with chronic infection
[56,57]
should be treated prior to initiation of IST
. There
is no increased risk of reactivation of hepatitis C virus
[58]
(HCV) with IST . Therefore screening for HCV should
be performed on a case-by-case basis according to
[59]
CDC guidelines .

Table 2 Prevention of osteoporosis in inflammatory bowel
disease
Non-pharmacologic interventions
Regular weight-bearing exercise
Avoiding or quitting tobacco
Limited use of alcohol
Emphasis on better nutrition, particularly on vitamin D and calcium
Employment of fall prevention strategies
Pharmacologic interventions
Calcium and vitamin D supplementation
Bisphosphonates
Calcitonin
Cautious use of hormone replacement therapy for both women and
men
Recombinant parathyroid hormone (teriparatide)
Minimizing corticosteroid use with the early use of
immunomodulating agents
Adapted from Ali et al[34].

longer recommended in post-menopausal women with
IBD, given the increased risk of thrombosis (Table 2).

Calcium and vitamin D supplementation

Calcium (1200 mg/d) and vitamin D (400-800 IU/d)
have been shown to be effective in fracture prevention
[45,46]
in post-menopausal women
. However, the evi
dence for calcium and vitamin D supplementation in
the treatment of low BMD and prevention of fracture
[47-49]
in IBD patients is limited
. Calcium plus vitamin
D supplementation resulted in a non-statistically
[47-49]
significant improvement in lumbar and hip BMD
.
Further studies are needed and routine administration
of calcium and vitamin D is not warranted in the
[43]
absence of deficiency .

VACCINATION
Immunocompromised IBD patients are at a higher risk
of infection by vaccine preventable diseases, therefore
a diligent effort should be made to vaccinate all IBD
patients. Ideally, these patients should be vaccinated
[55,57]
before IST is initiated
. Despite concerns for
impaired immune response in immunocompromised
IBD patients, most of these patients develop adequate
[55]
response after vaccination . Live vaccines are
contraindicated in immunocompromised IBD patients
due to risks of vaccine associated infection; therefore
the timing of live vaccines is particularly important
when dealing with IBD patients on IST or those with
[55,57]
plans to start IST
. Special population groups
such as pregnant patients, household contacts of
immunocompromised patients, and travelers, pose
[55]
special challenges . For example, a live vaccine
administered to a household member of an immuno
compromised IBD patient may expose the IBD patient
to infection from the vaccinated family member. In
general, it is recommended that household contacts
of immunocompromised IBD patients be vaccinated
according to recommended guidelines (Table 3). IBD
patients embarking on foreign travel may warrant
evaluation by an infectious disease specialist or
[55]
travel medicine specialist . Table 4 provides general
considerations for timing of live immunization in IBD
patients and Table 5 provides general recommendations
for vaccination in special populations(pregnant women
[55]
and the IBD traveler) .

EYE HEALTH
Approximately 10%-43% of patients with IBD develop
[50,51]
eye problems
. Ophthalmologic problems may be
related to extraintestinal manifestations of IBD such as
uveitis, episcleritis, or keratopathy or may be related to
IBD therapy such as glucocorticoid-induced cataracts
[52,53]
or glaucoma
. Vitamin A deficiency may result in
keratoconjunctivitis sicca after bowel resection in CD.
Therefore it is recommended that patients with IBD
undergo annual ophthalmologic evaluation, especially
[54]
those on immunosuppressive therapy .

SCREENING FOR IMPORTANT LATENT
INFECTIONS
The majority of medications used to treat IBD are
associated with immunosuppression which predisposes
[55]
IBD patients to infection . Immunosuppression
is defined as treatment with glucocorticoids (e.g.,
prednisone 20 mg/d equivalent for 14 d or more),
treatment with effective doses of 6-mercaptopurine
(6-MP), Azathioprine (AZA), Methotrexate and anti-
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Table 3 Vaccinations in inflammatory bowel disease summary (quick reference)
Vaccine
Influenza (Flu vaccine)
Varicella(Chicken pox)
Measles, mumps
Rubella (MMR)
Zoster (Shingles)
Tetanus, diphtheria, acellular pertussis
(Td/Tdap)
Human papilloma virus
Pneumococcal (pneumonia vaccine)
for subset of patients
Meningococcal (meningitis vaccine)
for subset of patients
Hepatitis A
Hepatitis B

How often

Live Vaccine

Patients on Immunosuppressive
therapy

1 dose every year
If no documented immunity: 2 doses, 4-8 wk apart
If no documented immunity: 2 doses, 4 wk apart

Nasal spray
Yes
Yes

Use flu shot only
Contraindicated
Contraindicated

1 dose starting at 60 yr or older
If no prior vaccination: 3 doses (0, 1, 6-12). Then 1 dose
of Tdap followed by a booster of Td every 10 yr
Female: 3 doses through age 26 (0, 2 and 6 mo)
Male: 3 doses through age 21 (0, 2 and 6 mo)
If no prior vaccination: (0, 2 then 5 yr) 1 dose at 65 if had
prior vaccination: 1 dose 5 yr after the last dose and 1
dose at age 65
2 doses, 2 mo apart

Yes
No

Contraindicated
Follow recommended regimen

No

Follow recommended regimen

No

Follow recommended regimen

No

Follow recommended regimen

2 doses, 6 mo apart
3 doses (0, 1 and 6 mo)

No
No

Follow recommended regimen
Follow recommended regimen

Centers for Disease Control and Prevention recommended vaccines for adults 2014, modified for inflammatory bowel disease patients.

Table 4 Live attenuated vaccines with recommended times of administration
Vaccine

Before initiation of immunosuppressive therapy

Already on immunosuppressive therapy

MMR
Zoster

Contraindicated if starting therapy in 6 wk
Contraindicated if starting therapy in 4-12 wk

Varicella

Contraindicated if starting therapy in 4-12 wk

Contraindicated
Contraindicated
But could consider if:
On short-term corticosteroids (< 14 d)
On methotrexate (< 0.4 mg/kg per week)
On azathioprine (< 3.0 mg/kg per day)
On 6-mercaptopurine (< 1.5 mg/kg per day)
Contraindicated

Adapted from Chaudrey et al[55].

quality of life issue and all patients with IBD should
be screened and treated accordingly. In the future
screening and treatment of sleep disorders might have
therapeutic implications for management of IBD.

SCREENING FOR SLEEP DISORDERS
Sleep disturbances have been strongly associated
with IBD and other chronic inflammatory diseases
[60,61]
such as Rheumatoid arthritis and lupus
. Sleep
disturbances in these diseases are due to cytokines
produced by chronic inflammation. Increased levels of
IL-1 and TNF-α are associated with an increase in non[61,62]
rapid eye movement sleep
. Nocturnal diarrhea
disturbs sleep in IBD patients and the effects of slow
wave sleep can lead to a decrease in colon contractility
with direct effects on GI physiology such as diminished
[63,64]
mucosal integrity
. Studies have shown that IBD
patients have poorer sleep quality, prolonged sleep
latency, and increased use of sleeping pills compared
[64,65]
with healthy controls
. Furthermore, patients with
clinically active IBD have significantly worse sleep
[66-68]
than patients with inactive disease
. IBD patients
in clinical remission but with abnormal sleep are at
increased risk of relapse at six months when compared
[67]
to patients in clinical remission with good sleep . A
cohort study of 3173 subjects showed that poor sleep
increases the risk of relapse in patients with inactive
[68]
CD but not UC . Sleep disorders can be a significant
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PSYCHOLOGICAL HEALTH
Psychological factors play an important role in IBD
and have a wide range of impact on the social life of
[69]
patients . The psychological well-being of patients
is often affected by the disease’s chronic relapsing
[69,70]
nature, IST, and medication side effects
. The
presence of a psychological disorder in IBD is asso
ciated with poor health-related quality of life and selfperceived functional disability irrespective of symptom
[71,72]
severity
. As a result patients with psychosocial
distress are less compliant and pursue greater
[73,74]
healthcare utilization
. Rates of depression in IBD
[73-77]
range from 12.9%-27.2%
. A population-based
study found that the lifetime prevalence for major
depressive disorder was more than twice as high in
the IBD sample compared with controls (27.2% vs
[77]
12.3%, OR = 2.20, 95%CI: 1.64-2.95) . Although it
is widely accepted that chronic diseases such as IBD
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Table 5 Vaccination in special populations of inflammatory bowel disease patients

Category B
Influenza (LAIV)

Influenza (IIV)
Boostrix (Tdap)
1 dose of Tdap vaccine during each pregnancy
regardless of immunization status
HPV 4, HPV 2
PCV 13

Vaccine
Yellow fever
Typhoid
Polio
Influenza
BCG vaccine
Hepatitis A

Pregnancy
Category C
PPSV 23

Zoster
Adacel (Tdap)
1 dose of Tdap vaccine during each pregnancy
regardless of immunization status
Meningococcus
Hepatitis A and B vaccine
MMR, if non-immune
1 dose upon completion or termination of pregnancy
and before discharge from health care facility.
2nd dose 4-8 wk later.
The IBD traveler
Type
Live
Live and Inactivated
Live
Inactivated
Live
Inactivated

Meningococcal vaccine

Inactivated

Japanese encephalitis virus

Inactivated

Category X
Varicella, if non-immune
1 dose upon completion or termination of
pregnancy and before discharge from health care
facility.
2nd dose 4-8 wk later.

Travel related indication
Parts of South America and sub-Saharan Africa
Asia, Africa, Central and South America, The
Caribbean, Oceania
Travel to highly endemic area > 1 yr
Central or South America, Mexico, Asia( except
Japan), Africa, Eastern Europe
sub-Saharan Africa, Saudi Arabia
(during Hajj and Umrah pilgrimage)
Rural Japan

Adapted from Chaudrey et al[55].

should be offered psychotherapy and anti-depressant
[80,81]
medication
. In addition to controlling symptoms
of anxiety and depression, anti-depressants such as
selective serotonin reuptake inhibitors and serotonin
norepinephrine reuptake inhibitors have been reported
to decrease pain, gut irritability, and urgency of
[75]
defecation .

Table 6 Patient health questionnaire-2
PHQ-2
Over the past month, have you felt down, depressed, or hopeless?
Over the past month, have you felt little interest or pleasure in doing
things?
Adapted from Arroll et al[78].

PREVENTION OF VENOUS
THROMBOEMBOLISM

may trigger negative psychological emotions such as
hopelessness and even depression, it is not clear if it
is solely a psychological response to disease related
morbidity, or whether it also represents a biological
[78,79]
response of actual disease
. Recently, a large
cohort study showed that depression and anxiety were
[76]
independent predictors of relapse in IBD . Therefore,
special attention should be paid to screening IBD
patients for depression on a regular basis by using
simple screening questions such as the patient health
[78,80]
questionnaire-2 (PHQ-2) (box 1)
(Table 6). A
positive answer to either of the screening questions
mandates confirmatory testing with a standardized
[78,80]
depression questionnaire such as the PHQ-9
. A
multidisciplinary approach involving the PCP, psycho
therapist and psychiatrist is associated with the best
[75,80]
outcomes in IBD and non-IBD patients
. Patients
with mild depression should be offered psychotherapy
while patients with moderate to severe depression
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IBD patients have an increased risk of venous throm
boembolism (VTE) due to the combined effects of
inflammation, micronutrient deficiencies, hospitalizations,
[82-84]
surgery and inherited prothrombotic factors
. The
relative risk (RR) of VTE in patients with IBD is inversely
correlated with age; however, the actual incidence
of VTE increases with age (45.6 per 10000 persons[83]
year of follow-up) . IBD patients are 3.5 times more
likely to develop VTE compared with age and gender
[83]
matched controls in the general population . The
risk of recurrence 5- years after discontinuation of
anticoagulation therapy for an unprovoked VTE is
higher among patients with IBD than controls (HR
[84]
= 2.5, 95%CI: 1.4-4.2, P = 0.001) . VTE appears
to carry a worse prognostic outcome for patients
[84,85]
with IBD compared with the general population
.
In an analysis of a nationwide in-patient sample of
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IBD patients in Canada, the rate of VTE was higher
and the length of hospitalization was longer in IBD
patients compared with controls (11.7 d vs 6.1 d, P <
[85]
0.0001) . Hospitalization was associated with higher
costs ($47515 vs $21499, P < 0.0001) and higher
mortality (adjusted OR = 2.5, 95%CI: 1.83-3.43) in
[85]
IBD patients compared with controls . IBD patients
undergoing surgery have an increased risk for post
operative VTE (OR = 1.26, 95%CI: 1.021-1.56, P =
0.03) compared with patients undergoing surgery
[86]
for colorectal cancer . Therefore, it has been
suggested that VTE prophylaxis in postoperative IBD
patients be extended out-of-hospital for 4 wk after
[87,88]
discharge
. Given the increased risk of VTE in IBD
patients, adequate prophylaxis should be prescribed
for all IBD patients who are hospitalized with flares, or
[87]
undergoing surgery . There are currently no clinical
trials specifically addressing VTE prophylaxis and
treatment in patients with IBD. However, consensus
statements with specific recommendations were
th
developed based on the 9 American College of Chest
Physicians’ guidelines on antithrombotic therapy and
prevention of thrombosis with integration of evidence
[88]
from IBD studies . Anticoagulant thromboprophylaxis
is recommended for IBD patients who are hospitalized
with IBD flares without active bleeding and when
[88]
bleeding is non severe . Anticoagulant thrombo
prophylaxis is suggested during moderate severe IBD
flares in outpatients with a history of VTE provoked
by an IBD flare or an unprovoked VTE, but not other
[88]
wise . The recommended duration of anticoagulation
after a first VTE is based on the presence of provoking
[87,88]
factor
. Please refer to the consensus document for
[88]
details .

failure, and cardiovascular-related death during an IBD
flare and during persistent disease activity, but not
[99,100]
during remission
. A meta-analysis of case-control
and cohort studies showed that IBD is associated with
a modest increase in the risk of CVA and ischemic
[101]
heart disease, particularly in women
. The reasons
for the apparent increased risk in female patients with
IBD compared with men is unclear, nevertheless, all
patients with IBD should be counseled routinely on
[101]
aggressive risk factor modification .

Coronary artery disease

Patients with IBD have a modestly increased risk of
[101,102]
coronary artery disease
. Cardiovascular risk
is higher in women with IBD and young adults (<
[101]
40-50 years) than in older adults (> 50-60 years) .
Patients with IBD have evidence of premature vascular
disease with structural, functional and biochemical
changes indicative of subclinical atherosclerosis;
IBD also promotes spontaneous platelet activation
and aggregation, predisposing patients to arterial
[102]
thrombosis . In a retrospective cohort study of 131
patients with IBD and CAD who underwent coronary
angiography, it was observed that patients with IBD
were less likely to have severe left anterior descending
artery disease (56% vs 73%, P < 0.01) and multivessel
disease (71% vs 79%, P = 0.05) than non-IBD controls
[103]
with CAD (524 individuals) .
IBD patients were also diagnosed with CAD at a
younger age, had a lower body mass index, and were
[103]
less likely to be active smokers
. However, the
results of that study should be interpreted with caution
because the IBD- cohort consisted of patients with less
severe CAD and low Framingham risk scores which
may have biased the results towards more severe CAD
in the non-IBD cohort. Though IBD disease activity
(chronic inflammation) is directly related to the risk of
cardiovascular events; the prevalence of traditional risk
factors for CVD is not higher in IBD patients compared
[103,104]
to the general population
. IBD is associated with
an increased risk of cardiovascular morbidity without
increased cardiovascular mortality because chronic
inflammation in the absence of traditional risk factors
is not associated with an increased risk of premature
[105,106]
CVD events
. Screening for traditional risk factors
for CVD such as HTN, diabetes, hyperlipidemia, family
history, and smoking should be performed by PCPs
or gastroenterologists. Non-traditional risk factors for
CVD specific to IBD such as increased disease activity
(elevated cytokines, CRP, ESR) should be identified
[102]
by gastroenterologists
. Identification of these risk
[102]
factors should be followed by lifestyle interventions .
Specific treatment should be provided by the PCP
in conjunction with the cardiologist and gastroente
rologist in a multidisciplinary strategy that involves
aggressive use of disease-modifying biologic therapy
to maintain remission in addition to the use of
established evidenced based therapies such as aspirin,

CARDIOVASCULAR HEALTH
Hypertension

The increasing prevalence of obesity and metabolic
syndrome in IBD patients increases the risk of primary
[89]
essential hypertension . IBD patients are also at
increased risk for secondary hypertension due to
some of the medications used in treating the disease,
such as corticosteroids and cyclosporine. Majority of
drug induced secondary hypertension resolves after
withdrawal of the offending medication. Lifestyle
interventions with proven efficacy in non-IBD popu
lations such as weight reduction, physical activity,
reduction of dietary sodium, moderation of alcohol
[90-97]
consumption are also effective in IBD-patients
.
If lifestyle interventions are not effective in lowering
blood pressure, anti-hypertensive medication should
be started in combination with lifestyle interventions
[98]
per JNC 8 recommendations .

Cerebrovascular accident

IBD is associated with increased risk of atrial fibrillation,
stroke, myocardial infarction, hospitalization for heart
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[107]

statins, antihypertensives, and B-blockers
. Noninvasive risk stratification should be performed when
indicated to determine the need for escalation of
therapy. Direct evidence from interventional studies
on primary and secondary prevention of CVD events
in IBD patients are lacking, therefore, the majority of
recommendations are based on data from non-IBD
[107]
populations .

inflammation and ulceration of the intestinal mucosa,
or more rapid transit of gastrointestinal contents in
patients who have undergone bowel surgery, might
[118]
reduce the efficacy of OCPs
. Two pharmacokinetic
studies compared the absorption of combined OCPs
[119,120]
between women with UC and healthy volunteers
.
These studies found no significant differences in the
absorption of OCPs among women with mild UC and
those with an ileostomy following proctocolectomy
with small ileal resections when compared with healthy
[119,120]
women
. It was also noted that women with the
largest bowel resections and continent ileostomies
had the absolute lowest plasma levels of 1-norgestrel,
however the plasma levels never dropped below the
[120]
threshold needed to inhibit ovulation
. Thus PCPs
may need to decide on a higher dose of OCPs for
patients with extensive bowel resections for CD.

PREVENTING MEDICATION RELATED
MORBIDITY
Corticosteroids

Steroids are very effective for inducing remission in
IBD, but ineffective for maintaining remission. Long
term use is associated with steroid related adverse
effects; therefore early use of steroid sparing therapy
is recommended to prevent steroid related adverse
effects.

Effect of OCP on incidence and relapse in IBD

Multiple studies have examined the relationship
between use of OCPs at or after a diagnosis of IBD
and incidence of relapse, none of which found a
significant effect of OCP use on a variety of measures
[121-127]
of relapse
. One study found a significantly
increased risk of relapse (HR = 3.0; 95%CI: 1.5-5.9)
among CD patients who were current or previous
OC users when the reference group was never users
[123]
(including men)
. The increased risk was predomi
nantly accounted for by the high rate of relapse among
previous OC users (70%), which was higher than
[123]
the relapse rate among current OC users (43%)
.
However, a comparison of current users alone with
never users failed to find an increased risk of relapse
[123]
among current users .
Another prospective cohort study found that women
who continued to take OCPs were at a threefold increa
sed risk of developing a relapse of CD; the risk was
higher among women who were prescribed OCPs and
smoked, suggesting that smoking was a confounding
[125]
variable

Non-steroidal anti-inflammatory drugs

High-dose non-steroidal anti-inflammatory drugs
have been associated with an increase in disease
activity in patients with CD or UC, while low-doses
of NSAIDs were not associated with a higher disease
[108]
activity index score among CD patients
. Bonner
[109]
et al
reported no association between NSAID use
and increased disease activity in IBD, suggesting
that NSAID use in IBD deserves further study before
recommending that patients refrain from their use
under all circumstances. Nonselective NSAIDs were
associated with a 17%-28% relapse rate within 9
[110]
d of ingestion in patients with quiescent IBD
. In
another study, the adjusted odds ratio between NSAID
use and relapse was 6.31 (95%CI: 1.16-34.38, P =
[111]
0.03)
. Similarly, selective Cox-2 inhibitors have
been associated with relapse in patients with CD
and UC suggesting that all classes of NSAIDs are
[112,113]
associated with relapse in IBD patients
. However,
other studies have reported no increase in flares and
a beneficial safety profile with Cox-2 inhibitors during
short-term treatment of IBD-associated arthritis and
[114,115]
arthralgia
. IBD patients should be advised to
avoid NSAIDs; however some patients may require
NSAIDs for management of arthritis. Therefore, a
patient-centered approach involving discussions on the
risks and benefits of NSAID use is warranted before
considering NSAID use in IBD-patients.

OCP and risk of thromboembolism in IBD

No studies were found that directly examined the risk
of thrombosis among women with IBD who were using
hormonal contraceptives. However, a prospective
cohort study examining the risk of CD relapse among
331 women (134 oral contraceptive users and 197
nonusers) over a 12-mo period reported no cases of
[122]
[126]
arterial or venous thrombosis . Kane et al
found
hormone replacement therapy (HRT) to be protective
against disease activity in post-menopausal women
with IBD (HR = 0.18, 95%CI: 0.04-0.72). A doseresponse effect was noted with longer duration of HRT;
however the results should be interpreted with caution
because it was a small single center retrospective
[126]
study with limited generalizability
. The evidence
regarding other adverse health outcomes associated
with contraceptive use among women with IBD is

Oral contraceptives

IBD often presents during the reproductive years; thus
women with the disorder need effective contraceptives
[116]
to prevent unintended pregnancies .

Efficacy of oral contraceptive pill in IBD

Most absorption of oral contraceptive pill (OCP)
[117]
steroids occurs in the small bowel
. Factors that
may impair absorption of OC sex steroids, such as
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limited to a single case report that discussed the
possible relationship between use of combined OCPs
and the development of ischemic colitis in a woman
who had recently undergone surgery for obstructing
[127]
CD . The balance of current evidence suggests that
OCPs are associated with a reduced rate of relapse and
can be used in women of childbearing age with IBD
unless further large-scale studies prove otherwise. The
same precautions when prescribing OCPs to women
of child bearing age without IBD should be applied to
[128]
women with IBD of child bearing age .

significant difference between VSL#3 and placebo in
[137]
preventing post-surgical recurrence of CD
. Based
upon existing data the only proven benefit of probiotics
was shown in the postoperative period in UC patients
[138]
with ileal pouch-anal anastomosis (IPAA)
. VSL#3
has been shown to maintain remission and prevent
[138]
episodes of pouchitis in UC patients with IPAA .

5-aminosalicylic acids

5-aminosalicylic acids use has been associated with
an increased risk of renal disease and folate defici
[21,139]
ency
. Folate supplementation 1 mg/d and annual
renal function monitoring is recommended for patients
[21,139]
taking 5-Aminosalicylate medication
.

Antibiotics

Antibiotic use can induce selection pressure and
[129]
alter the gut microbiome
. Different studies have
shown that antibiotic use at different ages ranging
from infancy to adulthood can increase the risk for
[130,131]
IBD
. In contrast, antibiotics have been shown to
be protective in many large scale studies in patients
with established IBD. In a meta-analysis of RCTs,
antibiotics were superior to placebo at inducing
remission in patients with active CD (RR of CD not in
[132]
remission = 0.85; 95%CI: 0.73-0.99, P = 0.03)
.
Antibiotics were also superior to placebo for reducing
fistula drainage in CD patients with perianal fistulae
[132]
(RR = 0.8; 95%CI: 0.66-0.98)
. In patients with
active UC; antibiotics were superior to placebo for
inducing remission (RR of UC not in remission = 0.64;
[132]
95%CI: 0.43-0.96)
. Antibiotics were superior to
placebo for inducing remission in patients with active
CD and preventing relapse in patients with quiescent
[132]
CD (RR of relapse = 0.62; 95%CI: 0.46-0.84) . The
evidence on the effect of antibiotics on disease activity
and relapse is limited because a diverse number
of antibiotics with different spectra of activity were
grouped together in the meta-analysis. Specifically,
Nitroimidazoles (metronidazole and ornidazole) have
been shown to be effective in preventing post-opera
[133,134]
tive recurrence of CD
. Although antibiotics are
effective in treating mild flares of IBD and preventing
post-operative recurrence in CD, caution is advised
against indiscriminate use because of the risk of
altering the composition of the gut microbiota which
may increase the risk of a disease flare and Clostridium
difficile infection.

Thiopurines

Measurement of thiopurine methyltransferase (TPMT)
activity is recommended prior to starting treatment with
thiopurine drugs such as AZA and 6-MP. Approximately
10% and 0.3% of the general population will have low
[140,141]
activity and absent activity respectively
. Patients
with low activity or absent activity are at an increased
risk of drug-induced bone marrow toxicity and myelo
suppression due to accumulation of the unmetabolized
[140,141]
drug
. Therefore, TPMT, CBC and liver function
should be checked prior to initiating therapy and
CBC and liver function should be monitored while on
[140]
therapy .

Methotrexate

Treatment with methotrexate suppresses the immune
system and depletes folate. CBC, liver, and renal
function should be checked prior to initiating therapy
and monitored while on therapy. Patients should also
[140]
receive daily folate supplementation 1 mg/d .

Anti-TNF-alpha agents

Anti-TNF agents are associated with immunosuppre
ssion, increased risk of infections, and reactivation of
latent infections - see section on infection. CBC, liver,
and renal function should checked prior to initiating
[140]
therapy and periodically monitored while on therapy .

Anti-integrin antagonists

Natalizumab a humanized monoclonal antibody
against alpha-4 (α4) integrin has been associated with
reactivation of the John Cunningham (JC) virus and
cases of progressive multifocal leukoencephalopathy
[142]
(PML)
. The drug is only available through a
restricted program (TOUCH Prescribing Program). It
is recommended that anti-JCV antibody be checked
prior to treating patients with Natalizumab. CBC and
liver function should be monitored while on therapy,
and patients should be monitored for any new sign
or symptom suggestive of PML. Vedolizumab is a
humanized monoclonal antibody against alpha-4
beta-7 (α4β7) integrin which specifically targets
mucosal addressin cell adhesion molecule (MAdCAM)

Probiotics

The effect of probiotics on IBD is unclear, multiple
studies using single agent probiotics have failed to
show clinical benefit for disease control and prevention
[135]
of recurrence . However, some studies have shown
that VSL#3, a mixture of Lactobacillus casei, L. plan
tarum, L. acidophilus, B. breve, B. infantis, Bifidobac
terium longum L.delbrueckii subsp. bulgaricus, and
Streptococcus salivarius subsp.thermophiles, was able
to induce remission in patients with mild-to-moderately
[136]
active UC . In CD patients with a history of ileocolonic
resection and reanastomosis there was no statistically
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[143]

resulting in gut-selective anti-inflammatory activity .
CBC, liver, and renal function should be checked prior
to initiating therapy and monitored while on therapy.

for breast cancer screening purposes and should be
screened according to American Cancer Society (ACS)
guidelines which recommend that average-risk women
should receive counseling to raise awareness of breast
cancer symptoms and a clinical breast examination
(CBE) every 3 years starting at the age of 20 years,
followed by annual mammography and CBE beginning
[154]
at the age of 40 years
. Female IBD-patients with
high risk breast cancer genetic syndromes (i.e., BRCA
mutation), IBD patients with a first degree relative
with a high-risk genetic syndrome or IBD patients with
greater than 20% lifetime risk of breast cancer based
on risk-estimation models should be considered high
risk and screened according to ACS guidelines for high
[154]
risk patients .

CANCER SCREENING
Skin cancer

Several observational studies have reported an increased
risk of melanoma skin cancer and non-melanoma skin
[144-147]
cancer (NMSC) in patients with IBD
. The risk
of NMSC was shown to be higher in IBD patients on
antimetabolites (AZA and 6-MP), anti-TNF agents, or
[147]
combination therapy (anti-TNF + AZA or 6MP)
.
Patients should be advised to minimize exposure to UV
radiation by wearing cover up clothing, UV-blocking
sunglasses and a broad-brimmed hat when feasible,
use broad spectrum (UVA/UVB) sunscreen with SPF
of 15 or higher every day, and avoid tanning beds. For
extended outdoor activity, patients should be advised
to use of a water-resistant, broad spectrum (UVA/UVB)
[148]
sunscreen with SPF of 30 or higher
. Monthly skin
self-examination and annual physician skin exam
should be considered in patients on immunosuppressive
therapy.

Colorectal dysplasia and cancer

Patients with long-standing IBD are at an increased risk
[157,158]
for developing colorectal dysplasia and cancer
.
According to the AGA guidelines, all patients, regardless
of extent of disease, should undergo a screening
[158]
colonoscopy
. There is consensus that if a patient
with UC or CD is found to have confirmed low-grade
dysplasia in flat mucosa, proctocolectomy or repeat
[157,158]
surveillance within 6-mo should be offered
.
Preventive surgery (proctocolectomy) is recommended
in patients with high grade dysplasia. If a patient with
extensive UC or CD involving the colon has had disease
for 8 to 10 years, surveillance colonoscopy should be
[157,158]
performed every 1 to 3 years
. There is ongoing
debate over the optimal number biopsies that should
be obtained and the endoscopic method for CRC
[159,160]
surveillance in IBD
. However, a recent international
consensus statement suggests that chromoendoscopy
may be superior to white-light endoscopy for detection
[161]
of dysplasia . This international consensus statement
also favors endoscopic management over colectomy for
the management of polypoid, non-polypoid and invisible
dysplasia in IBD patients; however the recommendations
[161]
are based on very low quality evidence
. Please
refer to the complete guidelines on the appropriate
[157,158]
surveillance for colorectal cancer in IBD
.

Cervical cancer

The incidence of abnormal Pap smears is higher in
women with IBD compared to the general population,
and the risk of abnormal Pap smears increases with
[149,150]
treatment with IST
. However, other studies
suggest that concurrent IST and smoking may explain
the association between IBD and cervical dysplasia
[151,152]
[149]
rather than just the diagnosis of IBD
. Kane
reported a 42.5% incidence of abnormal Pap smears
among women with IBD compared with 7% among
controls matched for age, sex and parity. Interestingly,
all abnormal tests were associated with either HPV
serotype 16 or 18, which underscores the importance
of screening female IBD patients for cervical cancer
and HPV infection before, soon after initiating, or
[149]
during IST
. Females with IBD between the ages
or 11 and 26 years on IST should be considered for
[55]
the HPV vaccine . All women on IST should undergo
annual Pap testing as recommended by the American
[153]
College of Obstetrics and Gynecology’s guidelines .

Prostate cancer

Screening for prostate cancer is controversial because
a significant proportion of cases detected by screening
will not cause symptoms during the lifetime of affected
[162]
patients
. Consequently, many patients may not
benefit from screening and may, be harmed by early
[154,162]
cancer detection and treatment
. Therefore,
a discussion about the potential benefits and risks
associated with testing should occur between the
physician and patient before testing. The ACS
guidelines emphasize the importance of shared
decision-making between the physician and patient
and recommends PSA testing for men aged 50 years
who are at average risk of prostate cancer and are
[154]
expected to live at least 10 more years . Patients at

Breast cancer

Breast cancer is the most common malignancy in
United States women and the second leading cause of
cancer related mortality among women in the United
[154]
States . Modest evidence suggests that first-degree
relatives, particularly, mothers’ of CD patients may
have a 2-fold higher rate of breast cancer compared
[155]
with controls
. Additional evidence suggests that
CD patients with breast cancer are not treated as
aggressively as controls and they have lower survival
[156]
when treated, than patients without CD
. The
majority of IBD patients are classified as average risk
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Table 7 The 8-item Morisky Medication Adherence Scale
Morisky adherence scale question

Scoring

Do you sometimes forget to take your pills?
People sometimes miss taking their medications for reasons other than forgetting. Thinking over the past 2 wk, were there any
days when you did not take your medication?
Have you ever cut-back or stopped taking your medication without telling your doctor, because you felt worse when you took
it.
When you travel or leave home do you sometimes forget to take your IBD medication?
Did you take your IBD medicine yesterday?
When you feel that your IBD symptoms are under control do you sometimes stop taking your medication?
Taking medication every day is a real inconvenience for some people. Do you ever feel hassled about sticking to your IBD
treatment plan?
How often do you remember to take all your IBD medications?
Rarely/Never
Once in a while
Sometimes
Usually
Always

1 for NO; 0 for YES
1 for NO; 0 for YES
1 for NO; 0 for YES
1 for NO; 0 for YES
1 for NO; 0 for YES
1 for NO; 0 for YES
1 for NO; 0 for YES

1.00
0.75
0.50
0.25
0.00

Adapted from Trindade et al[167]. Scoring: < 6 points = low adherers; 6-7 points = medium adherers; 8 points = high adherers. IBD: Inflammatory bowel
disease.

high risk of developing prostate cancer such as African
Americans and men who have a first-degree relative
(father, brother, or son) or more than one first-degree
relative diagnosed with prostate cancer at an early
age (< 65 years), the ACS recommends screening at
[154]
45 years and 40 years respectively
. In contrast,
the United States Preventive Services Task Force does
not recommend PSA-screening because the benefits
of PSA-based screening for prostate cancer do not
[162]
outweigh the harms .

to identify patients at risk of non-adherence with IBD
[166]
therapy (Table 7) . The MMAS-8 has been criticized
because it is a self-reported questionnaire which was
validated on patients with chronic diseases that may
[166]
not be entirely representative of IBD patients
.
Consequently, IBD specific screening tools to identify
patients at risk of medication non-adherence such as
the modified IBD-MMAS-8 and 10-item mesalamine
[167,168]
non-adherence questionnaire were developed
.
There is modest evidence that the MMAS-8 reasonably
[167,169]
identifies IBD patients at risk of non-adherence
.
Medication non-adherence can be categorized into two
conceptual frameworks; accidental non-adherence and
[170]
intentional non-adherence
. On the basis of these
categories, personalized algorithms may be developed
to improve patient education, empowerment and followup. For example, strategies such as; patient-education,
regimen simplification, use of reminder systems and
organizational strategies (e.g., pill boxes) are likely to
be best suited for addressing accidental nonadherence.
In contrast, strategies such as teaching problem-solving
skills, addressing motivational issues, and problematic
patterns of family functioning are more likely to be
effective in individuals displaying intentional non[170]
adherence .

SCREENING FOR MEDICATION
NON-ADHERENCE
Non-adherence to IBD therapy leads to poorer
[163-165]
disease outcomes
. A recent case control study
showed that about one-third of IBD patients were low
[163]
adherers , predictors of low adherence were age (<
40 years), higher educational level, being single, and
[163]
mesalamine use . Interestingly, being self-employed
[163]
was found to be a protective factor . Another study
showed that non-adherence to anti-TNF agents was
strongly associated with loss of response to anti-TNF
[165]
agents
. Longer intervals between outpatient clinic
visits (≥ 3 mo) and limited knowledge of the prescribed
medication were found to be significant predictors of
[165]
non-adherence in that study . Taken together, limited
knowledge about IBD medication and inappropriate selfperceptions of illness play a significant role in fostering
non-adherence in IBD-patients, highlighting an unmet
need for patient education and interventions aimed
at improving adherence. Several strategies exist for
monitoring medication adherence such as pill counts,
medication refill rates, checking for drug metabolites
and direct inquiry about medication adherence.
Standardized questionnaires such as the 8-item Morisky
Medication Adherence Scale (MMAS-8) may be used
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CONCLUSION
Preventive health care can avert morbidity, mortality,
[171]
and reduce overall health care costs . Patients with
IBD require special healthcare needs at different
stages of life from childhood through adolescence and
adulthood. Historically, the role of the gastroenterologist
was to achieve and maintain remission and monitor
for adverse events. However, the potential risk of
comorbidities negatively impacting IBD outcomes has
mandated a working knowledge of health maintenance
and a holistic approach to healthcare for IBD patients.
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Table 8 Preventive health measures in inflammatory bowel disease
Morbidity
Venous thromboembolism
Dehydration
Prolonged immobilization
Indwelling catheters
Hyperhomocysteinemia
Oral contraceptives
Active intestinal disease
(inflammatory burden)
Cardiovascular disease
Hypertension
(Primary and secondary prevention)
Coronary artery disease
(Primary and secondary prevention)
Stroke
(Primary and secondary prevention)

Preventive measures

Setting

Provider

Encourage adequate hydration
Intravenous fluids when indicated
Encourage physical activity
Early ambulation during hospitalization
Limit use of venous catheters when possible
Detection and correction of vitamin deficiencies B6, B12, folate

Out-patient
In-patient
Out-patient
In-patient
In-patient
Out-patient

Advise on alternative methods of contraception
Anti-inflammatory treatment, monitoring of medication and
response to therapy.

Out-patient
Out-patient

PCP1, Hospitalist1
Gastroenterologist2
PCP1
Hospitalist1
Hospitalist1, Gastroenterologist2
PCP1
Gastroenterologist2
PCP1
Gastroenterologist1
PCP2

Low sodium diet, smoking cessation, increased physical
activity.
Anti-hypertensive medication
Low sodium diet, smoking cessation, increased physical
activity, screening for hyperlipidemia. Statins, anti-platelet
drugs,
Anti-platelet therapy, statins, Anti-hypertensive medications

Out-patient

PCP1

Out-patient

PCP1
Cardiologist , Gastroenterologist2

Out-patient

PCP1, Neurologist2
Gastroenterologist2

Smoking cessation advise, nicotine replacement therapy,
smoking cessation counselling and support programs

Out-patient

PCP1
Gastroenterologist2

Advise on UV exposure
Protective clothing , high SPF sunscreen
Yearly physician skin exam
Surveillance colonoscopy per IBD guidelines

Outpatient

PCP1
Gastroenterologist2

Out-patient

Gastroenterologist1
PCP2
Gynecologist1, PCP2
PCP1

Smoking

Cancer
Skin

Colon
Cervical
Breast

PAP smear
Counselling on breast cancer awareness
CBE every 3 yr
Mammography after 40 yr
Counseling and Shared-decision making on PSA testing
Screen for and correct nutritional deficiencies

Out-patient
Out-patient

DEXA in patients with increased risk of osteoporosis
(hx of steroid use 10 mg daily x > 3 mo) treatment with
bisphosphonates if osteoporosis confirmed.

Out-patient

Vaccination

Out-patient

Screening for HBV before initiating
Anti-TNF therapy
Screening for latent TB before initiating
Anti-TNF therapy
Detection and treatment of anemia

Out-patient

PCP1
Gastroenterologist2
Gastroenterologist1

Out-patient

Gastroenterologist1

Out-patient

Depression screening PHQ 2
if positive do PHQ 9 for diagnosis
Mild depression -counselling
Moderate to severe- counselling +medication
Screening for sleep disturbance, Counseling on sleep hygiene

Out-patient

PCP1
Gastroenterologist2
PCP1
Gastroenterologist2

Prostate
Nutritional deficiencies
Osteoporosis

Infections
Vaccine preventable infections
Reactivation of Hepatitis B virus
Reactivation of latent Tuberculosis
Anemia
Depression

Sleep disturbance

1

Medication related adverse effects
Medication Non-adherence

Medical therapy
Assessing medication adverse effects and interactions
Screening for medication non-adherence
MMAS-8 item questionnaire
Review frequency of medication refills
Drug levels for anti-TNF and thiopurines

Out-patient
Out-patient

PCP1
PCP1
Gastroenterologist2
PCP1
Gastroenterologist2

Out-patient

PCP1
Gastroenterologist2

Out-patient

Gastroenterologist1
PCP2
Gastroenterologist1
PCP2

Out-patient

1

Primary role in preventive care; 2Secondary role in preventive care. PCP: Primary care physician; MMAS-8: 8-Morisky Medication Adherence Scale.
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A recent study showed that incorporating a standard
curriculum on IBD health maintenance provided fellows
in training with increased awareness and guidance on
managing the unique preventive care needs of patients
[172]
with IBD
. Different tools exist to assist practicing
gastroenterologists in addressing preventive health
issues during clinical encounters with IBD patients,
such as, the Crohn’s and Colitis Foundation of America
(CCFA) check list for health maintenance or clinical
assessment checklist developed by specialized IBD
[173-175]
centers
. The CCFA and AGA have publicized
quality measures based on the best available evidence
for processes and outcomes related to high quality
[56,176]
care of IBD patients
. Some recommendations in
this review overlap with some of the CCFA and AGA
[56,176]
quality measures for preventive health
. Direct
evidence from interventional studies in IBD patients are
lacking for some preventive measures outlined in this
review; therefore some recommendations are based
on expert opinion and data from non-IBD populations.
Additionally, this review considered the setting where
each preventive intervention is best delivered (Table
8). Many of the interventions are appropriate for
primary care settings and PCPs are uniquely qualified
to provide interventions such as vaccination, smoking
cessation, blood pressure control, referral for colon
[177,178]
and cervical cancer screening
. An educational
intervention study providing instruction on diagnoses
and management of IBD to PCPs in central Italy
was associated a reduced rate of hospitalizations for
[179]
IBD . Furthermore, a recent survey among gastroen
terologists and PCPs in the United States reported that
PCPs are very knowledgeable and comfortable providing
[180]
primary care for IBD patients . Thus, the label “IBD”
should not discourage PCPs from providing preventive
health services to IBD patients. Evidence suggests that
building therapeutic physician-patient relationships and
shared decision-making is crucial to the outcome of
[181,182]
chronic illnesses and IBD
. Therefore, individual
preference is likely to play a role in where and with
whom patients choose to receive preventive health.
Nevertheless, a holistic approach to care and better
communication between gastroenterologists and PCPs
with explicit clarification of roles will prevent duplication
of services and streamline care.
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REVIEW

challenges of advanced hepatocellular carcinoma
Stefano Colagrande, Andrea L Inghilesi, Sami Aburas, Gian G Taliani, Cosimo Nardi, Fabio Marra
malignancy, resulting as the third cause of death
by cancer each year. The management of patients
with HCC is complex, as both the tumour stage and
any underlying liver disease must be considered
conjointly. Although surveillance by imaging, clinical
and biochemical parameters is routinely performed,
a lot of patients suffering from cirrhosis have an
advanced stage HCC at the first diagnosis. Advanced
stage HCC includes heterogeneous groups of patients
with different clinical condition and radiological
features and sorafenib is the only approved treatment
according to Barcelona Clinic Liver Cancer. Since the
introduction of sorafenib in clinical practice, several
phase Ⅲ clinical trials have failed to demonstrate any
superiority over sorafenib in the frontline setting. Locoregional therapies have also been tested as first line
treatment, but their role in advanced HCC is still matter
of debate. No single agent or combination therapies
have been shown to impact outcomes after sorafenib
failure. Therefore this review will focus on the range of
experimental therapeutics for patients with advanced
HCC and highlights the successes and failures of these
treatments as well as areas for future development.
Specifics such as dose limiting toxicity and safety
profile in patients with liver dysfunction related to the
underlying chronic liver disease should be considered
when developing therapies in HCC. Finally, robust
validated and reproducible surrogate end-points as well
as predictive biomarkers should be defined in future
randomized trials.
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Abstract

Core tip: Hepatocellular carcinoma (HCC) is an ag
gressive malignancy, which accounts for great part of
all cancer deaths each year. Its management is com

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.
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plex, and although the surveillance performed, many
patients have an advanced stage. This comprehends an
heterogeneous groups with different clinical condition;
sorafenib is the only approved treatment, however
affected by many adverse events. No single agent or
combination therapies have been shown to impact
outcomes after sorafenib failure. Loco-regional therapies
as TAE/TACE and TARE have also been tested and at
now are under evaluation. This review will focus on
patients with advanced HCC and highlights potential
and limit of the therapies.

SORAFENIB IN THE TREATMENT OF
ADVANCED HCC
The treatment of patients with advanced HCC has
been for a long time disappointing for physicians.
Curative options such as surgical resection or liver
transplantation did not show any efficacy in prolonging
overall survival (OS). Trans-arterial chemoembolization
(TACE) in patients with advanced HCC due to portal
vein thrombosis has been suggested to improve
OS compared to patients receiving supportive care,
[5]
in retrospective studies and in a recent metaanalysis, but is not currently recommended by practice
[6]
guidelines . Early systemic therapies with hormone
analogues (e.g., tamoxifen) or classic chemothera
peutic agents (e.g., doxorubicin) failed when tested in
[7]
randomized controlled trials . In 2008 the approval
of sorafenib in the until then desolated scenario
of advanced HCC therapy radically changed the
therapeutic approach, opening the era of moleculartargeted therapy. Till now, no additional molecules
have yet been added to our pharmaceutical devices.
Sorafenib is a multi-kinase inhibitor that suppresses
tumor neo-angiogenesis and proliferation, inhibiting
the tyrosine kinase activity of vascular endothelial
growth factor receptors 1, 2 and 3 and of the plateletderived growth factor receptor. It also inhibits the
[8,9]
serine-threonine kinases Raf-1 and B-Raf
. The
efficacy of sorafenib has been demonstrated in two
large independent randomized controlled trials. In the
SHARP and Asia-Pacific studies the Authors reported
an improvement in OS of almost 3 mo between the
sorafenib and placebo arms (10.7 mo vs 7.9 mo and
[10,11]
6.5 mo vs 4.2 mo, respectively)
. These results
led to the approval of sorafenib for the treatment of
advanced HCC. According to the technical schedule,
the drug should be administered orally 400 mg b.i.d.
until radiological progression or unacceptable adverse
events occur.
Therapy is currently recommended in patients
with preserved liver function, defined by a ChildPugh score not greater than A, due to the exclusion of
patients with more compromised liver function from
randomized controlled trials. This represents a first
major problem for sorafenib administration, as only a
portion of patients can actually be treated. From the
time of sorafenib approval, many field-practice studies
have tried to evaluate the efficacy and tolerability of
sorafenib in Child B patients, with conflicting results.
The GIDEON study is so far the only prospective study
that evaluated the impact of liver function in a large
cohort of patients (> 3000), with a robust portion
[12]
of subjects in Child-Pugh B class (666 patients) .
In the final analysis, overall adverse events were
similarly observed in both Child A and B patients, but
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the deadliest
malignancies, ranking third as a cause of cancer death
in males. Despite the recognition of cirrhosis as the
major risk factor for HCC, more than 50% of patients
[1]
with HCC present an advanced disease at diagnosis .
Moreover, increased survival and better care for
patients in earlier stages, allow their survival until they
reach a more advanced stage.
The concept of “advanced” disease varies consi
derably analyzing the different staging systems
utilized in the past ten years. One peculiarity of HCC
is its association with chronic liver disease, especially
cirrhosis. This makes prognosis of an individual patient
dependent not only on the size, biologic behavior
and spread of the tumor, but also on the degree of
functional failure of the liver due to the presence
of cirrhosis. The role of chronic liver disease in the
prognosis of HCC is witnessed by the inclusion of
the Child-Pugh score or other aspects linked to liver
functions in several staging systems used for HCC
(Table 1). In the Barcelona Clinic Liver Cancer (BCLC)
[2]
staging system , advanced HCC is considered as an
unresectable HCC with/without extra-hepatic spread
(metastases or lymph nodes involvement) and/or
vascular invasion (portal or segmental invasion) and/or
systemic symptoms, defined by an Eastern Cooperative
Oncology Group performance status 1 or 2, with a liver
function defined by a Child Pugh stage not greater than
[3,4]
B .
In this review we discuss several aspects of the
management of patients with advanced HCC, focusing
on the unmet needs that have emerged in the past few
years, specifically since the introduction of sorafenib in
clinical practice.
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Table 1 Variables included in the most widely used hepatocellular carcinoma staging systems
Staging system

Ascites

Tumor
burden

Albumin

Bilirubin

INR

HE

AFP

PVT

EHS

PS

ALP

Okuda
CLIP
BCLC
GRETCH
TNM 7th edition

Yes
Yes
Yes
No
No

Yes
Yes
Yes
No
Yes

Yes
Yes
Yes
No
No

Yes
Yes
Yes
Yes
No

No
Yes
Yes
No
No

No
Yes
Yes
No
No

No
Yes
No
Yes
No

No
Yes
Yes
Yes
Yes

No
No
Yes
No
Yes

No
No
Yes
Yes
No

No
No
No
Yes
No

AFP: Alpha fetoprotein; ALP: Alkaline phosphatase; EHS: Extrahepatic spread; HE: Hepatic encephalopathy; INR: International normalized ratio; PS:
Performance status; PVT: Portal vein thrombosis.

a significant increase in serious adverse events was
found in the Child B group. Moreover, Child-Pugh score
was confirmed as a strong independent predictor of
OS (5.2 mo in Child B vs 13.6 mo in Child A). The
Authors concluded that sorafenib at full dosage is safe
irrespective of the liver function. However, the use of
full-dose sorafenib in a Child B patient is still far to be
included in the clinical practice, as many physicians
fear that the patients are too fragile in this subgroup.
Additional trials specifically addressing this issue are
ongoing (Sorafenib in First-line treatment of Advanced
B Child Hepatocellular Carcinoma, clinicaltrial.gov).
An approach popular in the Hepatology community
and potentially applicable to Child B patients is to start
sorafenib at lower dosage (e.g., 400 mg/d), ramping
up to 800 mg/d in case of good tolerability. In case of
poor tolerability, sorafenib should be continued at lower
dosage, since data reported from the SOFIA group
in 2011 did not show a reduction in OS in patients
receiving half-dose sorafenib, whereas they actually
had a significant survival advantage with respect to the
[13]
group receiving full-dose sorafenib . Another rationale
for the implementation of a ramp-up strategy could
be the lower tolerability profile of sorafenib that seems
to emerge from clinical practice. According to those
studies, some of the most common adverse events
(fatigue, diarrhea, hand-foot syndrome, bleeding,
arterial hypertension, elevation of aminotransferase
and/or bilirubin) are observed more frequently, in
terms of incidence and severity, than reported in the
registration trials. This leads to take into consideration
a primary issue in sorafenib therapy, i.e. that an
appropriate quality of life represents an essential goal
in a non-curative treatment.
Another hot issue that has emerged from the
recent literature is linked to the wide variability in
survival and time to progression (TTP) observed in
clinical practice. It is a general opinion that sorafenib
therapy may be truly effective in a subgroup of
patients, while it shows no real benefit in others.
Identifying early predictors of response represents
therefore a crucial research area, that becomes even
more important if we consider the economic burden
[14]
of the therapy . Numerous studies have explored
the role of biochemical markers as prognostic factors
or predictors of response. The concentrations of

WJG|www.wjgnet.com

alpha-fetoprotein, alkaline phosphatase, angiopoietin
2, Vascular Endothelial Growth Factor have been
linked to improved survival, while soluble c-Kit and
Hepatocyte Growth Factor have been proposed as
[15-17]
predictive markers infield practice studies
and in
the SHARP trial. Observational studies have also linked
the early development of adverse events like arterial
hypertension, diarrhea or the hand-foot syndrome to
[18-23]
a better response
. Finally, clinical features such
as the presence of macrovascular invasion have been
[21]
associated with a worse prognosis . However, despite
the large numbers of studies and the interesting
results, no predictors have reached enough strength to
be commonly used in clinical practice, due to the small
sample size of most studies or to the lack of external
validation of the findings. Therefore, although the aim
of tailoring sorafenib therapy still appears exciting,
tangible progresses will not be obtained without
validation of parameters in large studies. Radiologic
parameters also may represent an important tool in
the management of sorafenib therapy.
As the majority of HCC develops in patients with
chronic liver disease, treatment of the underlying
condition and especially management of its compli
cations, is mandatory. HBV infection accounts for about
60% of the total liver cancer in developing countries and
[24,25]
for about 23% in developed countries
. The benefits
of antiviral nucleot(s)ide analogue therapy in improving
recurrence-free survival and OS after curative treatment
[26]
of HCC
may suggest a possible role in improving
outcomes also in advanced HCC, but at this time data
on this topic are lacking.

BEYOND SORAFENIB: OTHER
PHARMACOLOGIC APPROACHES TO
THE MANAGEMENT OF ADVANCED HCC
The discovery of alternative lines of treatment for
advanced HCC is an urgent unmet need. Sorafenib
therapy is very expensive, and healthcare costs
have become one of the main problems confronting
[27]
governments and patients worldwide . Thus, in
countries with limited health resources and a high
incidence of HCC, a cost-effectiveness analysis to show
the overall advantages of sorafenib is necessary. A
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Table 2 Results of studies with molecular targeted therapies as first line in advanced hepatocellular carcinoma
Treatment

Trial

OS

TTP

Ref.

Sorafenib

Phase Ⅲ vs placebo
(SHARP)
Phase Ⅲ vs placebo
(Asia-Pacific)
Phase Ⅲ vs sorafenib
(SUN)
Phase Ⅲ vs sorafenib
(BRISK-FL)
Phase Ⅲ vs sorafenib

10.7 mo vs 7.9 mo, P < 0.001;
HR = 0.69; 95%CI: 0.55-0.87
6.5 mo vs 4.2 mo, P = 0.014;
HR = 0.68; 95%CI: 0.50-0.93
7.9 mo vs 10.2 mo, P = 0.0019; HR = 1.30;
95%CI: 1.13-1.50
9.5 mo vs 9.9 mo, P = 0.3116;
HR = 1.07; 95%CI: 0.94-1.23
9.1 mo vs 9.8 mo, P = NS;
HR = 1.05; 95%CI: 0.90-1.22
9.5 mo vs 8.5 mo, P = 0.408;
HR = 0.929

5.5 mo vs 2.8 mo, P < 0.001

[10]

2.8 mo vs 1.4 mo, P = 0.0005;
HR = 0.57; 95%CI: 0.42-0.79
4.1 mo vs 3.8 mo, one-sided P = 0.8312;
two-sided P = 0.3082; HR = 1.13
4.2 mo vs 4.1 mo, P = 0.853;
HR = 1.01; 95%CI: 0.88-1.16
5.4 mo vs 4.0 mo, P = 0.001;
HR = 0.759; 95%CI: 0.64-0.895
3.2 mo vs 4.0 mo, P = NS;
HR = 1.135; P = 0.18

[11]

Sorafenib
Sunitinib
Brivanib
Linifanib
Erlotinib

Phase Ⅲ erlotinib plus sorafenib and
eorafenib plus placebo (SEARCH)

[31]
[32]
[33]
[36]

OS: Overall survival; PFS: Progression-free survival; TTP: Time to progression; CI: Confidence interval; HR: Hazard ratio; NS: Not significant.

Chinese study showed that the total cost was $897 for
patients in the best supportive care (BSC) group, while
[27]
in the sorafenib group, the total cost was $19495 .
Second, sorafenib is often discontinued for patients
in whom the disease is progressed after sorafenib
[28]
treatment . Many compounds and combinations have
been explored in phase Ⅱ or even phase Ⅲ studies.
Nevertheless, none of these have proven to be more
[29,30]
effective than sorafenib as first-line therapy
nor to
be superior to placebo in second-line studies.

derived growth factor receptors families. In the LIGHT
phase Ⅲ trial, linifanib was compared to sorafenib
for efficacy and tolerability in patients with advance
HCC without prior systemic therapy. However, median
OS was 9.1 mo on the linifanib arm and 9.8 mo on
[33]
the sorafenib arm , although TTP with linifanib was
prolonged as compared with sorafenib (5.4 mo vs 4.0
mo, P = 0.001). Therefore, this trial failed to meet its
primary endpoint and safety results favored sorafenib,
as grade 3/4 or serious adverse events leading to
discontinuation, dose interruption or reduction were
[33]
more frequent with linifanib .
Erlotinib is an orally active, potent and selective
inhibitor of the human epidermal growth factor
receptor, and its gene amplification has been reported
[34]
in HCC , although recent large scale results indicate
[35]
that this occurs in a limited number of cases . This
drug was tested in a phase Ⅲ trial, where the efficacy
and safety of a first-line treatment with sorafenib
and placebo vs the combination sorafenib/erlotinib
[36]
was evaluated in patients with advanced HCC .
This trial failed to meet its primary endpoint, i.e., an
improvement in OS, the median values of which were
9.5 mo in the sorafenib plus erlotinib arm vs 8.5 mo in
the sorafenib plus placebo group. Moreover, the median
TTP (3.2 mo vs 4.0 mo) was not significantly different
[36]
between the two arms . Withdrawal rates for adverse
events were higher in the sorafenib/erlotinib arm. With
regard to the drugs combination, a randomized phase
Ⅱ trial conducted in Child-Pugh A patients, comparing
doxorubicin plus sorafenib or doxorubicin alone,
combination therapy led to a longer median TTP (6.4
mo vs 2.8 mo, P = 0.02), OS (13.7 mo vs 6.5 mo, P
= 0.006) and progression-free survival (6.0 mo vs 2.7
[37]
mo, P = 0.006) were observed .
The results of a phase Ⅲ study comparing sorafenib
alone vs sorafenib plus doxorubicin have been
[38]
recently presented in abstract form . The addition
of doxorubicin to sorafenib resulted in higher toxicity
and did not improve OS or progression-free survival.
In another phase Ⅱ study, first-line combination
therapy with sorafenib and gemcitabine/oxaliplatin did

First-line treatments

The results of the SHARP trials have been a milestone
opening the way to systemic therapy in advanced HCC.
Nonetheless, the limited results in terms of survival
benefit over placebo indicate that more effective firstline treatments are needed (Table 2). In the phase Ⅲ
SUN trial, sunitinib, a multi-kinase inhibitor inhibiting
all vascular endothelial growth factor and plateletderived growth factor receptors, was compared to
sorafenib (400 mg) in patients with advanced HCC
and the median OS was significantly shorter in the
sunitinib arm (7.9 mo vs 10.2 mo) while TTPwas not
significantly different (4.1 mo vs 3.8 mo with sunitinib
[31]
and sorafenib, respectively) . Of note, sunitinib was
associated with severe adverse events, especially
bleeding. The trial was prematurely discontinued for
[31]
futility and safety reasons .
Brivanib is a dual inhibitor of Vascular Endothelial
Growth Factor and fibroblast growth factor receptors. A
randomized phase Ⅲ clinical trial has been conducted
to evaluate the role of this drug as first-line therapy.
The BRISK-FL study compared brivanib with sorafenib
in patients with advanced HCC. This trial failed to meet
the primary endpoint of improving OS (with 9.5 mo for
brivanib and 9.9 mo for sorafenib) or other endpoints,
including objective response rate, TTP ( 4.2 mo vs 4.1
[32]
mo) or disease control rates .
Linifanib is another multi-targeted tyrosine kinase
inhibitor, which has been evaluated as first-line therapy
in comparison to sorafenib. Linifanib inhibits members
of the Vascular Endothelial Growth Factor and Platelet-
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Table 3 Results of studies with molecular targeted therapies as second line in advanced hepatocellular carcinoma
Treatment
Brivanib

Trial

OS

TTP/PFS

Ref.

Brivanib vs placebo (BRISK-PS)

9.4 mo vs 8.2 mo, P = 0.3307;
HR = 0.89; 95%CI: 0.69-1.15
7.6 mo vs 7.3 mo, P = 0.68;
HR = 1.05; 95%CI: 0.86-1.27
9.2 mo vs 7.6 mo, P = 0.14;
HR = 0.87; 95%CI: 0.72-1.05

4.2 mo vs 2.7 mo, P < 0.001;
HR = 0.56; 95%CI: 0.42-0.76
3.0 mo vs 2.6 mo, P = 0.01;
HR = 0.93; 95%CI: 0.75-1.15
2.8 mo vs 2.1 mo, P < 0.0001;
HR = 0.63; 95%CI: 0.52-0.75

[42]

Everolimus

Everolimus vs placebo (EVOLVE-1)

Ramucirumab

Ramucirumab vs placebo (REACH)

[44]
[45]

OS: Overall survival; PFS: Progression-free survival; TTP: Time to progression; HR: Hazard ratio.

Table 4 Principal ongoing studies in advanced hepatocellular carcinoma with new molecular targeted therapies
Study
A multicenter, open-label, phase 3 trial to compare the efficacy and safety of lenvatinib (e7080) vs
sorafenib in first-line treatment of subjects with unresectable hepatocellular carcinoma
Study of regorafenib after sorafenib in patients with hepatocellular carcinoma (RESORCE)
A study of dovitinib vs sorafenib in adult patients with hepatocellular carcinoma as a first line
treatment
A study of nivolumab vs sorafenib as first-line treatment in patients with advanced hepatocellular
carcinoma

Drug

Status

Lenvatinib vs sorafenib

Active, not recruiting

Regorafenib vs placebo
Dovitinib vs sorafenib

Recruiting
Completed (phase 2)

Nivolumab vs sorafenib

Recruiting

[44]

not result in longer OS or progression-free survival
compared to sorafenib alone, although the primary
endpoint (4-mo progression-free survival > 50%)
[39]
was reached . Conventional cytotoxic chemotherapy
has been investigated in a first line, phase Ⅲ trial
conducted in Asia and comparing the effects of
[40]
oxaliplatin/fluorouracil with doxorubicin . Significant
benefits of FOLFOX were found on progressionfree survival , while OS resulted significant only in a
post-hoc analysis (6.5 mo vs 4.9 mo). Sorafenib in
combination with other chemotherapeutic regimens,
e.g. gemcitabine/oxaliplatin or capecitabine/oxaliplatin
is currently being investigated in phase Ⅱ studies.
Although the combination of cytotoxic chemotherapy
and sorafenib is still being evaluated in clinical trials, this
combination does not appear particularly promising.

placebo . Median OS for the ramucirumab group
was 9.2 mo vs 7.6 mo for the placebo group (p =
0.14), and thus the primary endpoint of the study was
not reached. However, a subgroup analysis showed
that patients with elevated alpha-fetoprotein could
benefit from this treatment. Therefore, a phase 3,
placebo-controlled trial testing ramucirumab as a
second-line treatment in patients with elevated basal
alpha-fetoprotein is currently recruiting patients
(NCT02435433, clinicaltrials.gov, accessed April 25,
2016). Similarly, administration of everolimus to
patients who failed sorafenib as a first-line treatment
did not result in an improved OS over placebo (7.6 mo
[45]
vs 7.3 mo) . Other mammalian target of rapamycin
inhibitors have been tested in phase Ⅰ-Ⅱ trials, but
[43]
conflicting results have been reported .

Second-line

Ongoing studies

Other compounds are currently under investigation in
phase Ⅲ trial, the final results of which have not been
yet reported. These include other compounds acting as
antiangiogenic agents, including lenvatinib, regorafenib
and dovitinib. These are summarized in Table 4. For
a more complete discussion of ongoing studies and
additional targets refer to a recent comprehensive
[43]
review .
A promising approach has been obtained with the
phase Ⅱ study investigating tivantinib, an inhibitor of
the Met tyrosine kinase, the receptor for hepatocyte
growth factor. In this study, patients overexpressing
Met, the target of tivantinib, had a significant benefit
[12]
over placebo . Remarkably, expression of Met in
patients receiving placebo was associated with a more
aggressive behavior of the tumor, indicating that Met is
both a therapeutic target and a prognostic biomarker.
A phase Ⅲ trial comparing tivantinib and placebo as a

Patients who fail first-line systemic therapy are
considered to have poor prognosis, and second-line
[41]
trials are warranted
(Table 3). Brivanib was also
investigated in the BRISK-PS (brivanib-post sorafenib)
trial, where brivanib and placebo were compared in
patients who progressed on/after or were intolerant to
sorafenib. Although TTP was significantly longer in the
brivanib arm than with placebo (4.2 mo vs 2.7 mo),
the primary end point of the study was not reached,
as no differences in OS were observed comparing
[42]
brivanib and placebo (9.4 and 8.2 mo, respectively) .
It is possible that imbalances in patients’ recruitment,
favoring the placebo arm in terms of some parameters
associated with a better prognosis, contributed to the
[43]
failure of the BRISK-PS trial .
The human anti-vascular endothelial growth factor
Receptor 2 antibody, ramucirumab, has been recently
studied in a second-line, phase Ⅲ in comparison to
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second line therapy is currently underway. Along the
same lines, a trial comparing placebo and cabozantinib,
a dual Met and Hepatocyte growth factor inhibitor, has
been undertaken.
One of the most promising areas in the field of
HCC is represented by immunotherapy. Expression of
PD-1 and CTLA-4 on immune cells is associated with
blockade of the anti-tumor immune response, favoring
[46]
the progression of cancer . In a Phase Ⅰ/Ⅱ study
recently presented in abstract form nivolumab, an
anti-PD-1 monoclonal antibody, induced tumor size
[47]
stabilization or reduction in 67% of the patients . In
addition, the effects of this treatment were durable,
as previously observed in other types of cancer. A
phase Ⅲ study comparing the effects of sorafenib and
nivolumab in advanced HCC is currently underway
(Table 4).

different strategies such as surgery, TACE, external
radiation therapy, Trans-Arterial-Radio-Embolization
(TARE) and combination therapies are object of several
clinical trials. The surgical option, frequently employed
in Asia, does not show satisfactory results and it
is often technically difficult and not safe (operative
[54]
mortality rate until 6%) in these patients . TACE
is also not recommended in PVT patients, because
the injury due to ischemic events may cause serious
complications like post-embolization syndrome and
liver failure. Therefore TACE should be reserved to
those patients with preserved liver function. The
results in term of OS are good (from 7.4 mo to 10.2
mo) if compared with BSC, but in general they are
not significantly better than those observed during
[55]
sorafenib therapy .
External radiation therapy is largely used in the
treatment of cancer, but its role in HCC patients (with
or without PVT) is very limited. Today, with newer
techniques, a high dose of radiation can be delivered
within the tumor, sparing normal liver parenchyma
from radiation damage. Two large studies in China
and Japan show that OS is longer in patients receiving
radiotherapy compared to those treated with sorafenib
[56,57]
or surgery
, but these data need to be confirmed in
other settings.
Sorafenib is the only drug approved for HCC
with PVT. Data from a sub-analysis of the two most
important studies in Untied States and Asia show an
OS of 8.1 mo vs 4.9 mo in control group) and 6.5 mo
(vs 4.2 mo in control group), respectively. However
[58]
Jeong et al , in a smaller study with 33 HCC patients
with PVT, shows a percentage of stable disease and
disease control rate lower than in the SHARP and AsiaPacific studies. This data can be easily explained by
the fact that in Jeong’s study all patients had PVT (first
order branches or main trunk), while in SHARP and
Asia Pacific trials the percentage of macrovascular
disease was much lower (about 36%). It is clear that
the presence or absence of PVT negatively influence
the prognosis. During treatment, no significant
differences in OS have been shown between patients
with thrombosis of first order branches and those with
[58]
thrombosis of the main trunk .
TARE is another important tool in the management
of HCC with PVT. Some studies reported an OS ranging
[59,60]
from 10 to 10.4 mo after treatment
. Moreover,
less adverse events have been reported and in
general a better quality of life is shown if compared
with TACE. TARE, the efficacy and safety of which
has been widely tested in the last decade, is based
on the administration of glass or resin microspheres
90
loaded with a radioisotope (usually Yttrium) trough
catheterization of the hepatic artery. The microspheres
deliver a tumoricidal beta-radiation with a mean
penetration of 2.5 mm, and a super-selective action
towards tumoral tissue. As the embolic action is
negligible, the procedure is generally well tolerated.

Combination therapy

Sorafenib combined with classic chemotherapy: HCC
is considered a poor responder to chemotherapy,
which is not routinely used because of adverse events,
particularly in patients with advanced cirrhosis. However,
shrinkage of the tumor has been reported, although
the magnitude of response is lacking consistency.
This has led to the possibility to add sorafenib to a
chemotherapeutic agent, as above reported, although
the toxicity profile of any chemotherapeutic drug to be
[48,49]
added to sorafenib should be kept in mind
.
Sorafenib and TACE could be a promising strategies
in advanced HCC treatment. The high rate of HCC
recurrence after TACE may be due to its enhancement
of angiogenesis and upregulation of Vascular Endo
thelial Growth Factor and platelet-derived growth
factor receptors expression, which increases tumor
angiogenesis. Therefore, combination of antiangiogenic
agents with TACE, could potentially decrease the
recurrence of HCC and improve survival. A phase Ⅲ
study has been conducted in Japan and Korea using
sorafenib in combination with TACE vs TACE alone.
However, combination therapy failed to show any
benefit in terms of TTP (sorafenib vs placebo 5.4
[50]
mo vs 3.7 mo) or OS . The results of the SPACE
trial comparing sorafenib and placebo in patients
undergoing TACE have been recently published. The
combination of sorafenib plus TACE with drug-eluting
beads was technically feasible, but the combination did
[51]
not improve TTP in a clinically meaningful manner .

ADVANCED HCC WITH PORTAL VEIN
THROMBOSIS
Advanced HCC with portal vein thrombosis (PVT) has a
very poor prognosis, and includes a special population
of patients at higher risk of liver failure. Reported OS is
about 10-24 mo in patients without PVT treated with
[52,53]
BSC, compared to 2-4 mo in PVT patients
. Clinical
guidelines recommend sorafenib if PVT is present, but
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IMAGING STUDIES IN PREDICTION
AND EVALUATION OF RESPONSE TO
THERAPY

Table 5 Assessment of target lesion response: Conventional
Response Evaluation Criteria in Solid Tumors and modified
Response Evaluation Criteria in Solid Tumors assessment for
hepatocellular carcinoma following the American Association
for the Study of Liver Diseases-Journal of the National Cancer
Institute guideline
RECIST

In the management of patients with HCC, the role
of imaging is crucial, not only to allocate a patient
to a specific stage in the BCLC system, but also to
check the efficacy of the treatment and to evaluate
the progression of disease. Once a diagnosis is made,
imaging with computed tomography (CT) or magnetic
resonance (MR) scan is performed every 2-3 mo if the
[68]
patient is receiving treatment with sorafenib , the
only approved agent for the treatment of advanced
[11]
HCC . The lesions are usually evaluated applying
the Modified Response Evaluation Criteria In Solid
[69]
Tumors (mRECIST) parameters , which have been
proposed to improve and replace the previous system,
known as RECIST 1.1. Lesion dimension was the only
criteria considered by RECIST 1.1, which did not give
any information about the viable portion of tumor,
measured by the degree of contrast enhancement.
While the RECIST 1.1 system is still adopted by some
hepatologists, changes on tumor size alone is not
considered appropriate to establish a prognosis and
to correlate imaging with patients’ survival. In fact it
has been demonstrated that not all patients who have
clinical benefit from antiangiogenic therapy have a
dimensional reduction of target lesions.
On the other hand, not all progressive disease at
[11,70]
imaging is linked to a shorter survival
. Conversely,
patients who will have benefit from therapy in term
of survival, do not immediately show a reduction of
tumor size, but more frequently the efficacy of therapy
is correlated with some early intralesional decrease
[8,70,71]
in cellularity and vascularization changes
.
Recently, a new evaluation criteria called Response
Evaluation Criteria In Cancer of the Liver (RECICL)
[72]
have been introduced . It is based on 2-directional
measurement, by contrast enhancement CE-CT or
dynamic MR, of tumors showing arterial enhancement,
instead of only one measurement as requested in
mRECIST. The great advantage these two last criteria,
compared to conventional RECIST 1.1, is that both of
them evaluate the contrast-enhancing portion of the
tumor rather than the whole tumor. For this reason
the presence of necrotic areas within the lesions is
considered a sign of response. These concepts are
summarized in Table 5. Moreover, RECICL criteria also
consider the non-enhanced part of a target lesion:
this may be useful to investigate hypovascular HCC.
Even if progress has been done in order to establish
patients response during antiangiogenic therapy, it
is not clear how to manage those patients who have
no benefit from treatment, because at now there
is no approved second-line therapy. Moreover, the
concept of “progressive disease” should be refined.
In fact, according to mRECIST, there are many types

mRECIST

CR: Disappearance of all target
lesions.

CR: Disappearance of any
intratumoral arterial enhancement
in all target lesions.
PR: At least a 30% decrease in the PR: At least a 30% decrease in
sum of diameters of target lesions, the sum of diameters of viable
taking as reference the baseline sum (enhancement in the arterial phase)
of the diameters of target lesions.
target lesions, taking as reference
the baseline sum of the diameters
of target lesions.
SD: Any cases that do not qualify
SD: Any cases that do not qualify
for either partial response or
for either partial response or
progressive disease.
progressive disease.
PD: An increase of at least 20%
PD: An increase of at least 20% in
in the sum of the diameters of
the sum of the diameters of viable
target lesions, taking as reference
(enhancing) target lesions, taking
the smallest sum of the diameters as reference the smallest sum of
of target lesions recorded since
the diameters of viable (enhancing)
treatment started.
target lesions recorded since
treatment started.
mRECIST: Modified Response Evaluation Criteria in Solid Tumors;
CR: Complete response; PR: Partial response; SD: Stable disease; PD:
Progressive disease.

TARE efficacy in HCC has been tested in several
studies, although most of them were limited to a small
number of patients. The largest observational studies
reported a median OS in BCLC-C patients similar
to that observed in the sorafenib arm of the SHARP
[59,61]
trial
. Additionally, a comparative study TACE vs
TARE demonstrated the superiority of the latter in
prolonging TTP but not in patients with advanced
[62]
HCC . In a retrospective study, the efficacy of TARE
has been compared to that of sorafenib, and no
[63]
significant differences in OS were found . It should
be considered that the study had several limitations,
including a small sample size, and imbalance in
baseline characteristics between the arms. On the
contrary TARE appears to be particularly effective in
patients with portal vein thrombosis, with a median
[60,64,65]
OS ranging between 10-18 mo
compared
to 8.3 mo in patients with portal vein thrombosis
[11]
treated with sorafenib in the SHARP study . Similar
results showing the superiority of TARE vs sorafenib
in patients with portal vein thrombosis have also
[66]
been reported in another recently published study .
Moreover, the efficacy of TARE (alone or in combination
with sorafenib) vs sorafenib alone therapy is being
evaluated in at least five ongoing clinical trials. The
results will be available in the near future and will
probably define the role of TARE in HCC therapy. By
now, a good profile of tolerability was reported in the
[67]
preliminary analysis of SORAMIC trial .
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[82,83]

of “disease progression”, including lesion growth,
presence of a new lesion, or a distant metastasis. At
now, it is still under investigation if these different
types of disease evolution have the same significance
for patients in terms of prognosis.
The evaluation of the response is a subject of intense
discussion, especially since molecularly targeted drugs
like sorafenib have been introduced and routinely used
in clinical practice. Dimensional parameters, largely
used in imaging until now, are no longer appropriate
now. In fact, it is clear that the goal for standard
chemotherapeutic agent is to reduce tumor dimension,
but this rule does not apply to antiangiogenic drugs.
The new molecules predominantly act inhibiting
angiogenesis, inducing tumor tissue necrosis and this
may not have effect on the whole tumor dimension,
and tumor size does not necessary decrease after
[73]
therapy . For this reason, RECIST 1.1 criteria have
been overcome by the introduction of mRECIST, based
on the evaluation of the viable portion (enhanced part)
of a target lesion. Several studies have compared
the efficacy of RECIST 1.1, mRECIST and European
Association for the Study of the Liver (EASL) criteria
in evaluating response to loco-regional or systemic
[74,75]
therapies in HCC patients
. While mRECIST and
EASL are considered reliable in assessing response to
loco-regional therapies (for example TACE or TARE),
there is no general agreement on their appropriateness
the in evaluation of response during systemic therapy.
In fact, loco-regional therapies often give predictable
results, which consist in a well-defined and easy to
measure area of necrosis. On the contrary, systemic
therapies lead to the appearance of irregular and not
homogeneous areas of necrosis, not easily defined and
[76,77]
measurable
.
One additional promising method for the evaluation
of response to therapy has been introduced by Choi. It
was first applied to evaluation of therapy response of
GISTs at PET assessment. Its use, based on contrast
enhancement CT dimensional (measure of diameter
of a lesion) and vascular (density expressed in HU
on arterial phase CT) parameters, is currently under
evaluation. In particular, according to these criteria,
a reduction of 10% in tumor diameter or a reduction
of 15% in intralesional density is considered as partial
[78]
response to therapy .
Recently volumetric studies have also been proposed
as alternative to mRECIST and EASL, because the actual
dimension of a tumor may not be exactly evaluated with
[79]
simply a mono or bi-dimensional measure . According
to recently published studies focused on HCC patients,
a 10% increase in volume rate after two months of
[80,81]
therapy correlates with a poor prognosis
. The
role of MR diffusion weighted imaging has also been
investigated in response assessment. Early variation (at
first decrease, and subsequently increase) in apparent
diffusion coefficient values after therapy seems to
correlate with a better response. Moreover, low pretreatment apparent diffusion coefficient values seem to
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be predictive of a good response
. On the contrary,
the results of MR diffusion weighted imaging in HCC
patients during therapy (loco-regional, systemic or
combination therapies) are controversial and not yet
clear because of low reproducibility of this technique.
Perfusion-weighted imaging is a relatively new
MR/CT technique for qualitative and quantitative
evaluation of the delivery of blood to biological tissues.
Recently, attention has been focused on the “mean
intralesional transit time”, which is the time that a
contrast agent takes to go through the tissue volume
[84]
(e.g. liver) from entry to exit . In several studies,
this parameter showed not only good correlation with
response to therapy, but its baseline value (before
starting therapy) seems to be predictive of response.
In fact some authors have shown that partial or
complete responders had higher mean intralesional
transit time levels at baseline examination compared
[85]
to those with progressive disease . Both diffusion and
perfusion techniques are still to be considered “research
methods” not applicable in the clinical setting.
When evaluating the response to TARE, it should
be considered that radiologic findings are more
heterogeneous and variable than in other loco-regional
treatments, and identification of residual disease,
reactionary changes or complications is crucial to
assess tumor response. After TARE the responding
tumor can show shrinkage (diameters reduction),
“vanishing” (enhancement decrement after contrast
agent administration), and necrosis. In addition,
various collateral findings can be observed, which could
make even more difficult the response evaluation.
These include perivascular edema, ring enhancement
in case of coagulative necrosis, hepatocyte depletion
[86]
and hepatic fibrosis .
RECIST criteria are not always appropriate in
evaluating response after TARE, and criteria which
evaluate viable portion of a lesion like EASL and
mRECIST are more suitable. In fact, according to
Keepke and Seyal, both mRECIST and EASL showed
superiority in evaluating objective response to TARE
[87,88]
when compared with RECIST
. On the other hand,
other authors compared RECIST, mRECIST, Choi and
mChoi criteria, showing that Choi and mRECIST are
the most appropriate in assessing response after TARE.
In particular, patients who have response according
to Choi criteria have significantly longer TTP and
[89]
OS, while non-responders have worse prognosis .
Even if Choi criteria have shown good correlation
between imaging and patient outcome, evaluation of
tumor density applying a ROI within a lesion is not
unanimously accepted, for the excessive inter and
[90]
intra-observer variability . Moreover, measurements
of density could be difficult in hypodense lesions and
make this method not reliable.
Volumetric studies also can help the clinician to
evaluate response to TARE. This technique is used
in order to measure both the whole tumor and the
[91]
necrotic area. According to Monsky et al
volumetric
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technique is more suitable to evaluate dimension of a
necrotic area after TARE. In addition, patients whose
change in necrotic area is > 10% has longer survival if
compared to patients whose change is < 10%.

the time from the date of starting therapy to disease
progression, evaluated by imaging (CT or MRI). The
second is the post-progression survival, which is the
time from disease progression to death. Along these
lines, four different kinds of progression (progression
patterns) have been established: intrahepatic or
extrahepatic tumor growth (> 20% increase in tumor
size of viable target lesion), new intrahepatic lesion
and new extrahepatic lesion (including new metastasis
and/or vascular invasion). According to data reported
[28]
by Lee et al , patients with only metastatic disease
have a better post-progression survival than those
with vascular invasion or both of them (respectively 7.7,
3.8 and 3 mo), probably because of a higher rate of
liver failure in patient with vascular invasion. TTP also
seems to be related with survival: in fact patients with
early radiologic progression during sorafenib treatment
have a much shorter survival than progressive disease
[28]
patients at 4 mo (respectively 4.9 and 16.6 mo) .
Similar results in term of survival had already
[94]
been reported by Reig et al , who showed how the
progression pattern may impact on prognosis. In
particular the presence of new extrahepatic lesions
and/or vascular invasion appear to be correlated to
a shorter post progression survival. The purpose of
correlating pattern progression with survival is to
identify those patients who are eligible for second
line treatment, and to appropriately stratify them.
In order to do that, the concept of “BCLC upon pro
gression”, which evaluates the progression pattern of
PD patients, has been introduced. In advanced HCC
patients (BCLC-C) two kinds of progressions have been
identified: patients who show an increase in size of an
existing lesion or a new intrahepatic lesion (probably
candidates for second line treatment) and patients
who show extrahepatic lesions or vascular invasion,
[94]
associated with a poor prognosis .

PROGNOSIS IN ADVANCED HCC
As described before, advanced HCC is a condition
where multiple actors can play a determinant role,
resulting in large variability of the disease even in the
same BCLC stage.

Portal vein thrombosis

The presence/absence of portal vein thrombosis and
its extension, as well as extra-hepatic spread and
alterations in liver function, can jeopardize the efficacy
of specific treatments. Moreover, the natural history of
the disease - even in absence of treatment - is strictly
related to these variables. Finally, both natural history
and the response to treatment may be influenced
by molecular characteristics of the tumor. It is easy
to understand how talking of prognosis “in general”
for advanced HCC - as well as for all stages of HCC sounds simplistic.
The natural history of the disease is difficult to
evaluate through randomized controlled trials for
ethical reasons. Nonetheless, some interesting studies
have tried to clarify the prognosis of untreated HCC.
A meta-analysis published in 2010 evaluated more
than 4000 patients included in the placebo or inactive
treatment arms of 30 randomized control trials in order
to estimate survival in untreated HCC patients and
[92]
to evaluate factors related to a different survival .
The 1-year survival rate in BCLC B + C patients was
34%, with a pooled estimate 1-year survival of 25%
in the subgroup of advanced HCC patients. ECOG
performance status, albumin levels, prothrombin
activity, portal vein thrombosis and Child Pugh score
A emerged as predictors of longer survival in all HCC
untreated patients. In the BCLC B + C group ECOG
performance status, presence of ascites and an Okuda
stage Ⅰ were significantly related with a longer survival.
A more recent retrospective cohort study evaluated
320 untreated HCC patients, 39% in advanced stage
[93]
according to BCLC . The 1-year survival rate for
advanced HCC patients was 12%, with a median
survival of 6.9 mo. ECOG performance status, INR and
alpha-fetoprotein emerged as independent predictors
of mortality at multivariate analysis.

BEST SUPPORTIVE CARE
There are currently very few data about BSC in
advanced HCC. Although this issue has been neglected,
it represents a very important aspect of the care of
these patients, as much as in other patients with
advanced cancer. According to EORTC “supportive care
for cancer patients is the multi-professional attention
to the individual’s overall physical, psychological,
spiritual and cultural needs, and should be available
at all stages of the illness, for patients of all ages, and
regardless of the current intention of any anti-cancer
[95]
treatment” . According to BCLC, BSC is the only
treatment option in terminal stage HCC. However, the
definition of BSC implies its application during every
stage of the disease. Despite its importance, BSC is
marginally discussed or even only mentioned in all
guidelines. The goal of BSC is to improve the quality
of life, which is obviously reduced in patient with HCC
[96]
compared to the general population . BSC should

Distant metastases

A related emerging issue, analyzed in recent studies,
has been the attempt to establish a correlation
between progression and survival in patients with HCC.
In order to do that, attention has been focused not
only on classic OS but also on two new parameters,
which were not considered in the past studies on HCC
during systemic therapy. The first is TTP, defined as
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be performed in order to avoid the complications
of cirrhosis (ascites, gastro-intestinal hemorrhage,
encephalopathy, hepatorenal syndrome, spontaneous
bacterial peritonitis), but should also be focused
to those conditions which are typical of oncologic
[97]
patients . The most common symptoms reported
by HCC patients are sleep disturbances, depression,
fatigue, malnutrition, anorexia, pain and psychological
[98-101]
issues
.
Unsatisfactory night sleep is reported by 50%-65%
of patients with cirrhosis, that actually reduces sleep
time, sleep efficacy and REM sleep and increase
sleep latency. These pathological changes correlate
[102-105]
with the grade of liver dysfunction
. Insomnia is
also reported by 50%-65% of cirrhotic patients and
excessive daytime sleepiness is part of the hepatic
[105,106]
encephalopathy syndrome
. Physicians should
perform a routine assessment of sleep quality and
time and evaluate daytime sleepiness. If the latter is
present a treatment for hyperammoniemia should be
started or increased. Moreover, sleep and light hygiene
practices (regular sleep-wake schedule, exposure to
bright light in the morning and not in the evening)
should be encouraged. While hypnotics should be used
with caution, 25 mg hydroxyzine before sleeping has
induced a subjective sleep improvement compared to
[107]
placebo with a good profile of tolerability .
Depression and anxiety are major determinants
of an altered quality of life, even after a curative
treatment, and are reported in more than 60% of HCC
patients. Treatment should include supportive psycho
therapy or behavioral interventions, with particular
attention for the relationship between physician and
patient and his family. Liver dysfunction modifies
pharmacokinetics of antidepressants, which should
st
be introduced at low dosage (1 line citalopram,
[108,109]
sertraline)
. If no improvement is observed in 2
wk, dosage should be increased. A switch to a second
line therapy (e.g., paroxetine) should be performed
after 4-6 wk of therapy without improvement of
symptoms. All psycho-social and spiritual issues are
particularly frequent in end-stage disease and require a
careful approach, both pharmacological and supportive.
Fatigue is very frequent in HCC patients and may be
related to multiple causes: depression, sleep distur
bances, cachexia, anemia. Exercise, whose level must
be related to fatigue, significantly reduces cancer[110]
related fatigue during and after the treatment
.
Although no specific data are available for HCC,
administration of modafinil (a non-amphetaminebased stimulant) has recently shown a significant
improvement in fatigue in a trial vs placebo involving
[111]
631 cancer patients .
Malnutrition, anorexia and cachexia are related to
the tumor and to the weight loss and muscle wasting
observed in cirrhosis. Sarcopenia, that is frequent in
alcoholic and cholestatic diseases and may be related to
portosystemic shunting, also contributes to malnutrition
and cachexia. An adequate energy uptake, exercise
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and the avoiding of unnecessary diet restriction such
as a low protein diet should be recommended. Few
and controversial data on parenteral support are
[112]
available
. A randomized controlled trials by Chow
[113]
et al
showed that megestrol acetate improved
emotional functioning, nausea, vomiting and appetite
loss in patients with HCC, while no benefit was
[114]
observed in OS or quality of life . Numerous studies
evaluated the role of oral branched-chain amino acid
administration in HCC patients, although very few
data are available in the subset of advanced HCC. In
general, this kind of treatment seems to improve liver
function, and malnutrition (with a significant increase of
albumin levels), but no clear effect has been observed
[114-117]
on OS
, even though a recent meta-analysis
[118]
showed an improvement in the 3-years mortality
.
Although more data are needed to confirm its efficacy,
oral branched-chain amino acid supplementation may
be considered in HCC patients to improve the liver
reserve and quality of life.
Treatment of pain in HCC varies according to the
cause. Bone metastases-related pain can be treated
[119]
with cementoplasty
or irradiation. Irradiation can
also be used for the treatment of painful lymph nodes
and lung metastases. In a recent phase Ⅱ trial by
[120]
Soliman et al
liver radiotherapy showed promising
results in symptom improvement at one month. In
symptomatic treatment nonsteroidal anti-inflammatory
drugs should not be used, due to the possibility of
hepatorenal syndrome, hepatotoxicity, and gastrointestinal bleeding. Acetaminophen 2-3 g daily is the
first line agent in long-term use, while opioids should
be used as second line treatment. Liver participates
in degradation and biotransformation to active meta
bolites of opioids, so a good knowledge of their pharma
cokinetics is mandatory. Hydromorphone and fentanyl
should be preferred, as they are least affected by renal
dysfunction. Treatment should be started with low
dose and a 2-3 d titration, with a regular assessment
of efficacy and tolerance. Long acting agents should
be preferred, possibly in association with a short
active drug and paracetamol and/or corticosteroids. A
dose increase of 20%-30% must be performed when
[121]
necessary .
Muscle cramps are very frequent in patients with
cirrhosis and HCC and may be related to electrolyte
imbalance, that must be treated. Many agents showed
positive results in muscle cramps treatment in cirrhotic
patients, but there is still need of controlled trials. The
most interesting agents are taurine, whose synthesis is
reduced in cirrhosis leading to a decrease in membrane
[122]
stabilization, and quinine sulfate
. Baclofen is also
used by some physicians due to its skeletal-muscle
relaxant activity. The drug was reported as effective
and safe in a pilot trial including 10 cirrhotic pa
[123]
tients
and is currently being tested in a randomized
controlled trials (Baclofen in the Treatment of Muscle
Cramps in Patients With Cirrhosis, ClinicalTrials.gov
Identifier: NCT02221570).
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CONCLUSIONS AND PERSPECTIVES

4

The ability to treat earlier stages of HCC and the longer
survival of patients with cirrhosis make advanced
HCC a common problem facing the Hepatologist. In
the past few years a breakthrough step has been the
approval of sorafenib as a systemic therapy for this
type of cancer. However, we still lack reliable early
predictors of the likelihood to respond to sorafenib, to
be utilized at the single patient level. Unfortunately,
sorafenib has not been followed by approval of other
drugs for use in first- or second-line treatment of
advanced HCC. Moreover, the role of other approaches
to the treatment of the advanced stage, including
TARE, conformational radiotherapy, and conventional
chemotherapy deserve additional investigation.
Attention is being focused on the significance of
different types of advanced HCC, e.g., due to the
presence of extrahepatic spread or to involvement
of the portal vein. Along these lines, the type of
progressive disease which leads to migration to an
advanced stage plays a yet unknown but probably
important role. These lines of information need to be
integrated with accumulating data on the molecular
heterogeneity of HCC. Collectively, these data will
be instrumental to design personalized treatments,
considering that HCC is one of the few solid tumors
where no molecular-guided therapy exists. Finally,
more attention to supportive care needs to be paid
by Hepatologists dealing with patients in advanced
or terminal stages of the disease, including initiation
of supportive treatment and avoiding delay in
withdrawing active therapies when unnecessary. Thus,
active research in this field will hopefully lead to an
even better management of these difficult-to-treat
patients.
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REVIEW

Exploring the metabolic syndrome: Nonalcoholic fatty
pancreas disease
Roberto Catanzaro, Biagio Cuffari, Angelo Italia, Francesco Marotta

Abstract

Roberto Catanzaro, Biagio Cuffari, Angelo Italia, Department
of Clinical and Experimental Medicine, Gastroenterology and
Hepatology Service, Internal Medicine Unit, University Hospital
Policlinico “G. Rodolico”, University of Catania, 95123 Catania,
Italy

After the first description of fatty pancreas in 1933,
the effects of pancreatic steatosis have been poorly
investigated, compared with that of the liver. However,
the interest of research is increasing. Fat accumulation,
associated with obesity and the metabolic syndrome
(MetS), has been defined as “fatty infiltration” or “nona
lcoholic fatty pancreas disease” (NAFPD). The term
“fatty replacement” describes a distinct phenomenon
characterized by death of acinar cells and replacement
by adipose tissue. Risk factors for developing NAFPD
include obesity, increasing age, male sex, hypertension,
dyslipidemia, alcohol and hyperferritinemia. Increasing
evidence support the role of pancreatic fat in the
development of type 2 diabetes mellitus, MetS,
atherosclerosis, severe acute pancreatitis and even
pancreatic cancer. Evidence exists that fatty pancreas
could be used as the initial indicator of “ectopic fat
deposition”, which is a key element of nonalcoholic fatty
liver disease and/or MetS. Moreover, in patients with
fatty pancreas, pancreaticoduodenectomy is associated
with an increased risk of intraoperative blood loss and
post-operative pancreatic fistula.
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Core tip: Nonalcoholic fatty pancreas disease is a
very common yet neglected pathological condition. It
can be considered an early marker of the metabolic
syndrome and, as so, its clinical significance spaces
between internal and surgical diseases, such as type
2 diabetes mellitus, atherosclerosis, acute pancreatitis
and even pancreatic cancer. This review collects
current knowledge of worldwide opinion leaders and
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researchers of this matter.

Table 1 Nomenclature according to Smits and van Geenen
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http://www.wjgnet.com/1007-9327/full/v22/i34/7660.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i34.7660

Name

Definition

Pancreatic steatosis
Pancreatic lipomatosis
Fatty pancreas
Lipomatous
pseudohypertrophy

General term for pancreatic fat
accumulation

Fatty replacement

INTRODUCTION

Fatty infiltration
NAFPD

[9]

Extreme variant of pancreatic fat
accumulation when the pancreas is enlarged
uniformly or focally, the exocrine system
is replaced by fat, and when no association
can be found with obesity[10]
Death of acinar cells with subsequent
replacement with adipocytes
Infiltration of adipocytes owing to obesity
Pancreatic fat accumulation in association
with obesity and metabolic syndrome
Pancreatitis owing to pancreatic fat
accumulation

The spreading of obesity is one of the most concerning
problems of modern medicine. According to the World
Health Organization (WHO), worldwide obesity has
nearly doubled since 1980, and in 2008 more than
[1]
10% of the world’s adult population was obese . About
3.4 million adults die every year because of overweight
or obesity, which are more deaths than underweight.
According to the International Diabetes Federation,
the association of abdominal (central) obesity with
hypertension, elevated fasting plasma glucose, high
serum triglycerides, and low high density lipoproteins
(HDL) define the metabolic syndrome (MetS), also
known as syndrome X, cardiometabolic syndrome
or insulin resistance syndrome. This condition is
associated with a pro-inflammatory, pro-thrombotic
state, and leads to an increased risk of developing
cardiovascular disease and type 2 diabetes mellitus
[2,3]
(T2DM) .
In the last years, more research is focusing on un
derstanding obesity, MetS and the diseases associated.
Obesity, especially when associated with a higher
waist circumference, causes ectopic fat deposition in
certain organs, such as the liver (nonalcoholic fatty
liver disease - NAFLD), heart, muscles, kidney and
[4]
[5]
pancreas . This is called steatosis .
As the liver is a key organ in the metabolism, its
fatty infiltration has been the most investigated. Large
evidence supports the hypothesis of NAFLD as both
[6]
cause and consequence of the MetS .
Although the pancreas is also an important organ
in the metabolism, the effects of fatty infiltration of this
organ has been less investigated than that of the liver.

Ogilvie in 1933 . He compared 19 pancreas derived
from obese patients with 19 controls. Obese cadavers
showed a greater mean pancreatic adiposity (17.1%,
range 0%-48.5%) than the controls (9.3% range
2.5%-23.6%).
[8]
After more than 40 years, in 1978, Olsen performed
a larger study over 394 autopsies. The cadavers
were divided into three groups: below normal weight,
normal weight and above normal weight. He found a
relationship between the content of fat and age, and
confirmed the relation with obesity.
Across the years, many synonymous have been
used to refer to “pancreatic fat accumulation”, with
many different meanings. Those terms have been very
well reviewed in 2011, and are summarized in Table 1.
According to the authors, the limit of this nomenclature
is the lack of distinction between the accumulation of
triglycerides in acinar cells, β-cells or intrapancreatic
[9,10]
adipocyte tissue
.
Nowadays, with the development of more so
phisticated imaging techniques and data suggesting
the clinical importance of obesity and the MetS, the
interest of researchers is increasing, as shown in
Figure 1.

RESEARCH

HOW TO ASSESS PANCREATIC FAT

The following research was performed on MEDLINE/
PubMed: “pancreatic steatosis” or “pancreatic lipo
matosis” or “NAFPD” or “fatty pancreas” or “pancreatic
fat” or “pancreatic fatty replacement” or “pancreatic
fatty infiltration”. A total of 210 results were found
and abstracts were examined. Thirty-four papers were
excluded because the main topic was not pancreatic
fat. While reviewing, further references were added.

Anatomical pathology

NASP

NAFPD: Non-alcoholic fatty pancreas disease; NASP: Non-alcoholic fatty
steatopancreatitis.

[7]

Mild or massive pancreatic steatosis can be assessed
by simple inspection of the organ. That can be useful
[11]
in the surgical setting, as further explained .
Histological examination is the most common
way to assess pancreatic fatty infiltration in animal
[12-28]
models
. Human specimen can be obtained from
autopsies, operatory remnants or, rarely, fine needle
[7,8,16,29-40]
aspiration cytological (FNAC) examination
.
[41-43]
Fat accumulation may be even or uneven
.
Four different types of uneven pancreatic lipomatosis
have been described: (1) Type 1a (35% of cases):

HISTORY
The first description of pancreatic fat was made by
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Radiological assessment

90

The majority of radiological techniques available
have been used to study pancreatic steatosis. So far,
there is not cut-off points validated on patients, nor
valid comparative trials that are able to assess which
technique is the most accurate.

80
70
60
50
40
30

Ultrasonography: Both transabdominal ultrasound
and endoscopic ultrasound (EUS) can be used to
[42,51-66]
observe the pancreas
. A fatty pancreas looks
hyperechogenic (hyperechogenic pancreas - HP) com
pared to the liver or, if the liver is also hyperechogenic,
with the spleen or the kidney. Since the kidney and the
pancreas cannot often be seen in the same window,
one could use an indirect comparison between the
kidney with the liver, and then the liver with the
[57,58]
pancreas
.
By EUS, the echogenicity of the pancreas can also
[65]
be compared with the one of retroperitoneal fat . In
addition, EUS may also be associated with FNAC for
[36]
cytological analysis .
Some authors have even graded the severity of
pancreatic fat infiltration basing on echogenicity only,
or on a grading system based on the aspect of the
pancreatic duct and the presence of parenchymal “salt
[56,59]
and pepper” dots
.
Transabdominal ultrasound is cheap, fast and noninvasive, but the pancreas can’t always be visualized,
especially in obese patients. Another limitation of both
transabdominal and endoscopic ultrasonography is
that they are operator dependent.
More important, HP may not be a certain indicator
of pancreatic fat infiltration, as a fibrotic pancreas
[60]
is also hyperechogenic . Therefore, it has been
suggested that ultrasonography (US) shouldn’t be
used as a screening tool for pancreatic fat content,
and that computed tomography (CT) or magnetic
resonance imaging (MRI) should be the second step to
[9,60]
confirm the diagnosis
.

20
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2005-2009
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Figure 1 MEDLINE/PubMed findings about pancreatic fat.

replacement of the head with sparing of the uncinate
process and peribiliary region; (2) Type 1b (35%):
replacement of the head, neck, and body, with sparing
of the uncinate process and peribiliary region; (3)
Type 2a (12%): replacement of the head, including
the uncinate process, and sparing of the peribiliary
region; and (4) Type 2b (18%): total replacement of
[41,44]
the pancreas with sparing of the peribiliary region
.
Unlike the liver, where the triglycerides accumulation
is mainly intracellular, pancreatic steatosis is histologically
characterized by an increased number of adipocytes
[5,16]
(Figures 2 and 3)
. However, intracellular fat accu
mulation can be visualized by electronic microscopy or
immunohistochemistry in both acinar and islet cells and
[12,13,16,18,21,23,45-48]
. It
may precede adipocytes infiltration
is unknown if intracellular or extracellular triglycerides
have a different clinical significance, but it is possible
that adipocytes influence the function of acinar and/or
islet cells by a paracrine effect, while intracellular lipids
may lead to lipotoxicity and therefore islet or acinar
[9]
cells injury, as further discussed .
Thus now, there is not a shared score to grade the
severity of fatty infiltration on histological examination,
so each group have used arbitrary subjective para
meters, or computer-based morphometric analysis,
which gives an objective quantification of pancreatic
[8,30,31,33,34,38,48-50]
fat
.
To our knowledge, the only scoring system that has
been validated on patients by a rastering method is
the pancreatic lipomatosis score (PLS), developed by
[9,33]
van Geenen et al
.
PLS modifies the classification made by Olsen in
[8]
1978 , based on the percentage of adipocytes per
microscopic field: (1) Group 1: ≥ 51%; (2) Group 2:
≥ 26%; (3) Group 3: ≥ 15%; and (4) Group 4: ≥ 8%.
The group numbers were shifted and a group
for patients with less than 8% fat was added.
Furthermore, intralobular fat, interlobular fat and total
fat were scored separately. A last group was added for
pancreases with > 75% of total fat.
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CT: CT imaging is widely used to study all abdominal
organs. A fatty pancreas will be hypodense in
[39,67-69]
hounsfield units (HU) compared to the spleen
.
In severe fatty replacement, the attenuation can be
[42]
compared with the adjacent retroperitoneal fat .
When the condition is severe, differentiation between
lipomatosis and pancreatic agenesis can be made by
evaluating the ductal system, which will be present
[44]
in fatty replacement and absent in agenesis .
Unenhanced CT should be preferred, as the normal
pancreatic parenchyma between fatty areas could
exhibit contrast enhancement, and focal fatty replace
[70]
ment could simulate a true mass .
To validate CT for the diagnosis of pancreatic
[30]
steatosis, Saisho et al
showed that the fat/paren
chyma ratio calculated from CT is analogue to histolo
[39]
gical evaluation. Moreover, in 2014, Kim et al
found
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Pancreatic
steatosis

Figure 2 Pancreatic steatosis. Courtesy of Prof. Vasquez E and Dr. Angelico G, Anatomical Pathology Department, University of Catania -Catania, Italy.

Figure 3 Normal pancreas. Courtesy of Prof. Vasquez E and Dr. Angelico G, Anatomical Pathology Department, University of Catania -Catania, Italy.

that pancreatic fat fraction in histological evaluation
was significantly correlated with the difference between
pancreatic and splenic attenuation (P < 0.01) and the
pancreas-to-spleen attenuation ratio (P < 0.01).
The use of ionizing radiation limits CT as a
research method, but recent evidence suggests that
preoperative CT evaluation of pancreatic fat may
be of importance in predicting the clinical outcome
in pancreatic surgery, or as a prognostic marker for
[67,68,71]
pancreatic adenocarcinoma
.

The most used method utilize the frequency shift
between the water and the fat resonances to generate
in-phase and opposed-phase images, in which the
signal of the water and fat net magnetization vectors
[80]
are at a maximum or a minimum .
The Dixon method consist of a post-processing of
the in-phase and opposed-phase spin echo images
that uses the chemical shift difference between protons
in water and fat, leading to water-selective and fat[81]
selective images . However, the results can be
[82]
affected by T1 and T2 relaxation effects . The novel
and fast two-point mDixon exhibits a good correlation
with MRS for assessment of PFF, with limited sensitivity
[76]
for assessing lower fat content .
Spectral-spatial excitation technique combine
chemical shift selectivity with simultaneous slice-selec
tive excitation in gradient-echo imaging sequences.
Apparently, this method is as good as in-phase/
[80]
opposed-phase imaging on determinate the PFF ,
and is particularly good for determining small amounts
[83]
of fat .

MRI: MRI is sensible, noninvasive and safe. For those
reasons, it’s currently the most used method to study
fat content of the pancreas, especially in prospective
studies. Single-voxel magnetic resonance spectroscopy
(MRS) is considered almost equivalent to histology
and biochemical measurements, and therefore is
currently the criterion standard for the determination
[72-79]
of pancreatic lipomatosis
.
There are several methods to measure pancreatic
fat fraction (PFF) in the pancreas using MRI.
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Congenital diseases
Alcohol abuse
Viral infections
Iron overload
Medications
Duct obstruction

Primum movens

Necrosis of the parenchyma

Fatty replacement

Figure 4 Pathogenesis of “fatty replacement”.

A recently developed method is the three dimen
sional iterative decomposition with echo asymmetry
and least squares estimation (IDEAL), which produces
separated fat and water images, optimal in signal[73]
noise ratio. Hu et al
reported that this method may
be even superior to MRS in the measurement of PFF.
Finally, the newest automated intra-subject regi
stration-based segmentation is potentially suitable
for the quantification of abdominal and organ fat and
achieves comparable quantitative endpoints with
[84]
respect to manual segmentation .

Congenital diseases: Cystic fibrosis (CF) or muco
viscidosis is an autosomal recessive disorder. It is
caused by the presence of mutations in both copies
of the gene for the protein cystic fibrosis trans
membrane conductance regulator (CFTR), involved
in the production of pancreatic juice. CF results in a
more dense pancreatic secretion, which eventually
leads to pancreatic damage and replacement with
[88-101]
adipocytes
.
Shwachman-Diamond syndrome or ShwachmanBodian-Diamond syndrome (SBDS) is a rare autosomal
recessive disorder characterized by exocrine pancreatic
insufficiency with fatty replacement, bone marrow
dysfunction, skeletal abnormalities, and short stature.
The gene mutated in this syndrome is called SBDS, and
its function is probably involved in RNA metabolism or
ribosome assembly, although it’s uncertain. Therefore, the
[51,102-108]
pathogenesis of pancreatic damage is still unclear
.
Johanson-Blizzard syndrome (JBS) is caused by
mutations in the UBR1 gene, which encodes one of
several ubiquitin ligase enzymes of the N-end rule
pathway. It is associated with developmental errors,
impaired apoptosis, and both prenatal and chronic
inflammatory damage, necrosis and fibrosis of the
pancreatic acini. Pancreatic exocrine insufficiency in
JBS can additionally stem from congenital replacement
[109-114]
of the acini with fatty tissue
.
Finally, heterozygous carboxyl-ester-lipase mutations
are associated with fatty replacement of the pancreas
and maturity onset diabetes of the young, probably due
[55,115]
to a protein misfolding
.
Those genetic conditions can also be associated
with exocrine pancreatic insufficiency (EPI), as a result
of the destruction of exocrine pancreatic parenchyma.

EPIDEMIOLOGY
Only few epidemiologic studies have been performed
to assess the prevalence of pancreatic steatosis. The
estimated prevalence is between 16% and 35% in
[64,85,86]
Asian populations
.
[87]
In 2016, Pham et al
published the first study
on which the prevalence of pancreatic steatosis was
assessed in a pediatric population, which was 10%.
However, this result may not be extended in general
pediatric population, as it was assessed on hospitalized
patients.
However, even considering the limits of those
studies, all of them suggest a large prevalence in
general population.

PATHOGENESIS AND RISK FACTORS
There are at least two mechanisms that can lead to a
[9]
pancreatic fat accumulation : (1) death of acinar cells
and replacement by adipocytes - “fatty replacement”
(Figure 4); and (2) fat accumulation associated with
obesity and type 2 diabetes mellitus - “fatty infiltration”
or “NAFPD”.

Alcohol abuse: It has been suggested that alcohol
abuse may be associated with abnormal mitochondrial
function, which may account for the fat accumulation
[116]
observed in pancreatic acinar cells
. However,
evidence don’t support this theory, and it is more
probable that alcohol abuse leads to pancreatic
lipomatosis via acute and/or chronic pancreatitis and/or

Fatty replacement

Theoretically, any noxa strong enough to cause necro
[9]
sis of the acinar cells can lead to fatty replacement .
Despite that, only little evidence can be found in
literature.
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[142-144]

the upregulation of transcription factors involved in the
[12,13,57,59,116-118]
synthesis of cholesterol and triglycerides
.
Also, alcoholism is associated with malnutrition, which
[13]
is also a cause of pancreatic steatosis .

nonhereditary or hereditary chronic pancreatitis
.
Moreover, NAFPD has been associated with an
increased risk of developing severe acute pancreatitis,
as discussed in the appropriate section.

Viral infections: Viral infections with Reovirus, may
lead to duct obstruction and therefore necrosis of the
parenchyma and subsequent substitution with fatty
[9,49,119]
tissue
. In support of this pathogenic pathway,
pancreatic duct legation actually leads to fatty
[120,121]
replacement
.

Nonalcoholic fatty pancreas disease

The most important risk factor for developing NAFPD
is obesity. This relation was suggested in the first
[145]
study by Ogilvie and has been widely confirmed
.
Experimental models report that maternal obesity
and postnatal obesogenic diets can result in a NAFPD
by inducing an endoplasmic reticulum imbalance
[25,146]
and alteration in circadian metabolic patterns
.
In addition to obesity, studies on sufficiently wide
populations (> 1000 subjects) suggest also increasing
age, male sex, hypertension, dyslipidemia, alcohol
consumption, low serum lipase activity as important
risk factors, although data must be considered still
[30,64,86,147]
insufficient
. T2DM and NAFLD are often
reported as risk factor. However, data are sometimes
[148]
contrasting, as further discussed. Wong et al
found
also a positive correlation between fatty pancreas and
hyperferritinemia.
Recently, different ethnicity has been suggested
as an independent risk factor of developing pancreatic
steatosis. Hispanics and Caucasians showed an
increased risk to develop pancreatic fat infiltration than
[149,150]
the African Americans
. More important, PFF may
predict the outcome of insulin resistance in African
Americans, but didn’t show the same accuracy for
[151]
Hispanics . However, more research is needed.
The relation with age and low serum lipase activity
is probably due to a fatty degeneration of the pancreas,
[147,152]
which may be considered paraphysiological
.
How obesity leads to ectopic fat (EF) accumulation
is not clear yet. Some individuals are more susceptible
to accumulate EF for Body Mass Index (BMI). Although
it may seem paradoxical, it has been suggested that
those patients may have an impaired subcutaneous
fat storage capacity, which leads to visceral and
ectopic fat accumulation. An extreme example of
this phenomenon is Lipodystropy, also known as
Berardinelli-Seip syndrome (BSS). Patients with BSS
have a scarce subcutaneous fat storage, but a greater
amount of visceral and ectopic fat. On the other hand,
several studies prove that healthy individuals with high
subcutaneous fat content have low levels of visceral and
ectopic fat. Subcutaneous fat may even have a protective
[153]
action regarding ectopic fact accumulation
. In an
experimental model, transplantation of normal adipose
tissue in the subcutaneous region of lipoatrophic mice,
[154]
removes their excess of EF and insulin resistance .
More efforts have been made to explain ectopic
fat accumulation in the liver (NAFLD). It has been
hypothesized that insulin resistance facilitates the
transport of free fatty acids (FFA) from adipose tissue
to the liver, and their storage in hepatocytes. Steatosis
occurs when the rate of import and fatty acid synthesis

Iron overload: The most important causes of iron
overload are hereditary hemochromatosis, a genetic
disorder, and transfusional iron overload, which can
result from repeated blood transfusions. Iron mainly
accumulates in reticuloendothelial system, liver,
heart, and endocrine or exocrine glands, pancreas
included. When the pancreas is involved, iron leads to
oxidative stress of acinar and islet cells, apoptosis and
substitution with adipocytes. This has been described
in patients with transfusion-dependent diseases
as myelodysplastic syndrome and cooley’s anemia
[122-125]
(β-thalassemia major)
.
Medications: Although it’s theoretically valid, evidence
that medications can cause pancreatic tissue necrosis
and subsequent substitution with fatty tissue is scarce
and mainly based on case reports or animal models.
drugs reported are corticosteroids, gemcitabine,
[17,49,126-130]
rosiglitazone and, more recently, octreotide
.
[131]

Chronic liver disease: Yoshimura et al
and Sasaki
[132]
et al
suggested that lipomatous pseudohypertrophy
of the pancreas might be caused by chronic advanced
hepatic lesions, which lead to ductal obstruction. Thus
now, only case reports of patients with chronic hepatitis
[49,132,133]
B and liver cirrhosis support this hypothesis
.
Stronger evidence exists that pancreatic steatosis
[33,56,57,59,64,75,134-137]
is associated with NAFLD
. However,
the pathogenesis of this association is more likely due
to metabolic pathways than pancreatic injury, and it
will be discussed in the appropriate section.
Malnutrition: Malnutrition, as seen in alcoholism,
kwashiorkor and AIDS is associated with changing
in pancreatic structure, including pancreatic lipoma
[13,29,138]
tosis
. However, the lack of evidence makes the
pathogenesis still unclear.
Pancreatitis: It is theoretically possible that necro
tizing pancreatitis leads to fatty replacement, but,
to our knowledge, this association has never been
reported. In contrast, Recurrent Acute Pancreatitis
(RAP) may lead to reduction of the parenchymal mass
[139-141]
and substitution with adipocytes
. Moreover,
an increased number of intrapancreatic adipocytes
can be observed in pancreata of lean patients with
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[155]

[156]

exceed the rate of export and catabolism .
An interesting finding of a prospective study
[56]
on 293 patients
is that about 68% of cases with
fatty pancreas concurrently had fatty liver, but most
subjects (97%) with fatty liver had fatty pancreas.
Although the positive predictive value of fatty liver in
fatty pancreas was 69.4%, the negative predictive
value of fatty liver in normal pancreas was 96.4%. Our
group is currently involved in a retrospective CT-based
study which preliminary results on 47 patients lead to
the same results (Catanzaro R, Cuffari B, Palmucci S et
al, unpublished). This implies that fatty pancreas could
be used as the initial indicator of EF deposition.
As NAFLD and NAFPD are often associated, one
could assume that they could share a common
[33,56,57,59,64,75,134-137]
pathway
.
Actually, important information must be taken in
account: (1) some studies have found no correlation
[80,156]
between NAFLD and NAFPD
; (2) hepatic fat is
mainly intracellular, while NAFPD is a consequence
[5,16]
of adipocytes infiltration
; (3) when patients are
treated with bariatric surgery, fat loss in the liver and
the pancreas seem to be independent, suggesting
[77]
tissue-specific mobilization of these ectopic fat stores ;
and (4) when corrected for BMI, the association
between hepatic and pancreatic steatosis can’t be
[33,134,137]
found anymore
.
It could be correct to assert that, according with
current evidence, the association between NAFLD and
NAFPD is a consequence of obesity only. Therefore,
hypothesis used to explain hepatic steatosis may not
be suitable for NAFPD. However, it is possible that
pancreatic and hepatic steatosis affect each other and
more research should focus on the different pathways
[135,157]
that lead to one or the other condition
.
In conclusion, the pathogenesis of NAFPD is still
unknown, and no satisfactory theories have been
proposed yet. Therefore, more research will be needed.

subjects. Heni et al
found the same association in
patients with impaired glucose metabolism and, in a
stepwise multivariate regression analysis, pancreatic
fat resulted a stronger determinant of impaired insulin
secretion than visceral fat. More recently, Della Corte
[157]
et al
found a positive correlation between NAFPD
and homeostatic model assessment - insulin resistance
(HOMA-IR) in a pediatric population with NAFLD. In
contrast with these results, two studies performed
using the gold standard hyperglycemic clamp, found
no relation between pancreatic fat content and
β-cell function in subjects with impaired glucose
[74,164]
metabolism
.
Data about patient with full-blown T2DM are even
[163]
more challenging. Tushuizen et al , found no asso
ciation between pancreatic fat and β-cell dysfunction
in diabetic patients. That may suggest that once
diabetes occurs, other factors cause further β-cell
impairment. However, they found that diabetic subjects
had a significantly higher pancreatic fat content than
[72]
nondiabetic, association confirmed by Lingvay et al .
[30]
Saisho et al , using computed tomography
on 1721 nondiabetic and 165 subjects with T2DM,
observed that pancreatic fat was not significantly
increased in T2DM.
[64]
Wang et al , in 2014, studying a cohort of 8097
subjects, found that the fatty pancreas group had an
increased risk of diabetes (OR = 1.593) than non-fatty
pancreas group (P < 0.001).
[165]
Finally, a recent study
found a significant
higher average fat content in the pancreas of patients
with newly diagnosed T2DM compared with healthy
controls.
Summarizing, three hypotheses can be made
about β-cell dysfunction in pancreatic steatosis: (1)
the increased amount of triglycerides in pancreatic
β-cells can lead to their dysfunction, probably with a
mechanism of lipotoxicity, at least in subjects with an
already impaired glucose metabolism; (2) intrapan
creatic adipocytes may have a negative paracrine
effect on β-cells; and (3) NAFPD and T2DM are just
consequences of obesity.
According to current evidence, the majority of the
authors support the last theory, but more research
should focus on this topic and meta-analysis will be
[145]
required .

CLINICAL SIGNIFICANCE
T2DM

About 347 million people worldwide have T2DM, and
[158]
numbers are increasing
. The WHO projects that
diabetes will be the seventh leading cause of death in
[159]
2030 .
Since T2DM is increasing problem worldwide, and
pancreatic islets have a key role in the metabolism of
glucose, one of the main issues in NAFPD research is
whether or not pancreatic steatosis is a risk factor for
T2DM.
In vitro and animal studies suggest that pancreatic
lipomatosis may contribute to β-cell lipotoxicity and
[160-162]
lipoapoptosis, with consequent loss of function
.
However, data on humans are inconsistent.
Using proton MRS and oral glucose tolerance tests,
[163]
Tushuizen et al
found that pancreatic fat correlated
negatively with β-cell function parameters in nondiabetic
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MetS

The MetS is a major and increasing clinical and social
issue worldwide, as a result of changing in lifestyle
which include high-caloric and high-fat diet and
decreasing physical activity. MetS is associated with a
5-fold increase risk of T2DM, 2-fold risk of developing
cardiovascular disease, 2- to 4-fold increased risk
of stroke, 3- to 4-fold increased risk of myocardial
infarction, and 2-fold mortality caused by coronary
[3]
events .
NAFLD is considered the hepatic manifestation of
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MetS. High levels of FFA and insulin resistance are
considered key pathogenic factors in the development
[3]
of fat accumulation in the liver .
There is an increasing evidence of association
between NAFPD and all the components of the MetS in
[20,56,59,62,148,166]
animal models and humans
.
Weather pancreatic steatosis is a key organ in the
development of the MetS or just a marker or that
condition (mediated by general obesity), we believe
that the assessment of pancreatic fat infiltration will
have an increasing role in the clinical management of
the syndrome.

the pancreatic parenchyma has a direct toxic effect
on acinar cells (lipolytic flux), causing acinar necrosis.
In post-mortem studies, more severe necrosis of the
parenchyma occurred closer to necrotizing fat (peri-fat
[143,176]
acinar necrosis: PFAN)
. In 2011, Smits and van
[9]
Geenen published preliminary results of a CT-based
study that show a significant relationship between
pancreatic steatosis and severity of pancreatitis (P
< 0.03). The use of lipases inhibitors (Orlistat) to
prevent conversion of mild into acute pancreatitis may
be therefore justified and studies are evaluating its
[177]
efficacy, with encouraging results .
As already discussed, RAP can cause chronic
pancreatitis and morphological changes, which include
fatty replacement. However, no evidence exists that
NAFPD can cause chronic pancreatitis.

Cardiovascular risk

As discussed, MetS itself is associated with an in
creased incidence of cardiovascular diseases. Recently,
[167]
one study
found that pancreatic steatosis may
be an independent risk factor on the development
of carotid atherosclerosis in non-obese subjects with
T2DM. Therefore, it could be a marker of a higher
risk of cardiovascular disease, especially in non-obese
subjects.

Pancreatic fibrosis

Chronic liver inflammation as seen in NASH, leads to
necrosis of hepatocytes and liver fibrosis. Theoretically,
in the pancreas, NASP could determinate the same
changes, but data are inconsistent.
[26]
Matsuda et al , found that in Zucker Diabetic Fatty
rats fed with a chronic high-fat diet, fat accumulates in
pancreatic acinar cells, and this fatty change seems to
be related to subsequent pancreatic fibrosis and acinar
cell injury. However, in Ossabaw swines, another
animal model for the MetS, pancreatic steatosis was
[20]
not associated with other histological abnormalities .
In humans, patients with chronic pancreatitis
have both an increased amount of pancreatic fat
[35]
and fibrosis, however, van Geenen et al . found no
relationship between pancreatic fibrosis and NAFPD (P
= 0.916) in a study over 900 autopsies, and Mathur
[31]
et al
found that pancreatic fat correlated even
negatively with fibrosis (P < 0.001).
Therefore, according to current evidence, fatty
replacement and pancreatic fibrosis seem to be both
independent consequences of chronic inflammation in
patients with chronic pancreatitis.

Acute and chronic pancreatitis

Obesity and the MetS are associated with the incidence
[168-171]
and severity of acute pancreatitis
. Thus now,
this association was explained by the fact that both
obesity and the MetS are linked with other well-known
risk factors for acute pancreatitis, such as gallstones,
alcohol abuse, cancer, hypertriglyceridemia, use of
medications, moreover, as already pointed out, the
MetS may be associated with a pro-inflammatory state
which may exacerbate inflammation after the trigger is
[172]
pulled .
There is speculation that pancreatic steatosis may
have a key role in the pathogenesis of pancreatitis
in obese patients. In analogy with NAFLD leading
to non-alcoholic steato-hepatitis (NASH), the term
non-alcoholic steato-pancreatitis (NASP) has been
[48]
proposed .
The existence of NASP has not been proved yet,
but there is biological plausibility, and evidence is
increasing. Adipocytes may generate a local and
systemic pro-inflammatory state by producing proinflammatory adipokines and cytokines, such as leptin,
interleukin 1β and tumor necrosis factor, or toxic fatty
acids that may make the pancreas more susceptible to
[28,157,173]
inflammation
.
[174]
Pokhrel et al
found that increased pancreatic
fat on MRI was not an independent predictor of postERCP pancreatitis, however, data is scarce and more
research will be required.
[175]
An excellent review by Acharya et al
points out
that intra-pancreatic fat have a role in the severity
of acute pancreatitis: lipases released by acinar
cells after the first injury, cause a local and systemic
lipolysis, which results in increasing of FFAs, especially
unsaturated fatty acids (UFAs). The spread of UFAs in
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Pancreatic cancer

Several studies show that obesity is one of the leading
[178-184]
risk factors for pancreatic cancer (PC)
. However,
the pathophysiological pattern of this association
is not clear yet. Several mechanisms have been
[172]
discussed
: Evidence exists that the increase of
certain hormones in obese patients, such as insulin,
adipokines and resistine and systemic oxidative stress
may have a role in the development of pancreatic
[172,185-188]
adenocarcinoma
.
NAFPD has been independently associated
[38]
with an increased risk to develop PC . A recent
[40]
study
observed a correlation between pancreatic
intraepithelial neoplasia (PanIN) and extra- (P < 0.01)
and intralobular (P < 0.0001) pancreatic fat. No clear
metabolic pathways have been identified to explain
this association, but speculation is possible.
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The increased numbers of adipocytes in NAFPD
could promote cancerogenesis indirectly by NASP, as
[9]
occurs in the liver .
Persistent organic pollutants (POPs) are lipophilic
toxics able to bio-accumulate in fatty rich tissues of
animals, especially those higher in the food chain,
humans included. Evidence exists that accumulation
of POPs in adipose tissue may be associated with
PC occurrence, and it is possible that a higher
concentration of pancreatic fat, and consequently of
POPs, can partially explain the linkage between NAFPD
[172]
and PC .
Along with an increased risk to develop PC, patients
with increased pancreatic fat have a poorer outcome
than those who develop cancer in a lean pancreas. In
particular, NAFPD promotes dissemination and lethality
[32,67]
[32]
of PC
. Mathur et al
suggested that “pancreatic
steatosis alters the tumor microenvironment, enhances
tumor spread, and contributes to the early demise of
patients with pancreatic adenocarcinoma”.
In addition, pancreaticoduodenectomy in patients
with fatty pancreas is associated with an increased
risk of intraoperative blood loss and post-operative
pancreatic fistula, which contributes with the poor
[31,34,37,50,68,71,189-191]
outcome in those patients
. Therefore,
assessment of pancreatic steatosis by preoperative CT
or MRI or intraoperative histological evaluation on the
frozen sections may have a role, in the future, in the
[37,67,68,71,189,190]
prognostic evaluation of patients with PC
.

syndrome characterized by increased levels of serum
amylase, pancreatic isoamylase, lipase and trypsin.
This condition is nowadays called Gullo’s syndrome and
[196,197]
has been better characterized
.
[198]
Cavallini et al , in a US based study, found that
HP was related with hyperamylasemia. However, Gullo
[54]
et al
found no correlation in a MRI based study.
[62]
More recently, Wu et al found that amylase levels in
patients with pancreatic lipomatosis were even lower
than controls.

Exocrine function

In theory, pancreatic steatosis can lead to EPI with
different mechanisms: (1) fat droplet accumulation in
acinar cells and consequent lipotoxicity; (2) negative
paracrine effect mediated by adipocytes; and (3)
death of acinar cells as cause of both EPI and fatty
replacement.
However, the exocrine function in patients with
NAFPD has never been extensively investigated. There
fore, data are mainly based on case reports of extreme
cases of complete fatty replacement of pancreas with
[36,52,199-201]
fatty tissue
.
[202]
In one recent study
, fecal level of pancreatic
elastase (PE-1) was evaluated in patients with T2DM.
EPI was more frequent in patients with high HbA1c,
but did not correlate with pancreatic steatosis.

THERAPY

Pancreatic transplant

Since NAFPD has been only recently extensively studied
and its clinical significance is not clear, no clinical trials
have validated any medications yet. Anyway, evidence
exist that it is reversible.
Pancreatic fat can be reduced by weight loss, with
or without bariatric surgery, and that is associated with
[203]
improvement of insulin sensibility .
Moreover, specific treatment showed efficacy in
[204]
vitro or on murine models: (1) Troglitazone
; (2)
[21]
combination of Telmisartan and Sitagliptin ; and (3)
Berberine and Cinnamic Acid, as components in Jiaotai
[27,205]
Pill, a traditional Chinese medication
.
We hope that increasing evidence on the clinical
significance of pancreatic steatosis will support further
research.

The first pancreatic transplant was performed in
[192]
1966 in the United States
. It is a very effective
and yet the only definitive option for curing insulindependent diabetics. However, the spreading of
this technique is restricted by the significant rate of
surgical complications resulting in graft failure/loss and
recipient morbidity and mortality.
Increasing obesity and age, of both recipient and
donor, increase the risk of technical complications like
graft pancreatitis, graft thrombosis, intra-abdominal
infections, gangrene and pancreatic fistula. However,
if the transplantation is successful, there is not an
[193,194]
increased risk of allograft failure
. Older patients
with higher BMI are more likely to have steatosis, and
that could explain the association.
Certain transplant surgeons do not use pancreas
that are infiltrated by fat on inspection, since the
procedure is technically more difficult when using a
fatty pancreas, but a more objective measurement
could avoid to waste organs that would be suitable for
[11]
transplant. Verma et al propose the IDEAL scanning
on the sole organ as a possible solution. Furthermore,
“defatting” of the organ is possible and a successful
[195]
case has been reported in 2004 .

Pancreatic hyperenzimemia
In 1996, Gullo et al

[196]

CONCLUSION
Pancreatic steatosis, which comprehends fatty re
placement and fatty infiltration of the pancreas, is a
very common condition, easily diagnosable but often
neglected by physicians and researchers.
Its clinical significance ranges widely in Internal
Medicine and Surgery, and more correlations may be
found in future. Nevertheless, evidence is not exhau
stive and the pathophysiology is yet unknown.
We believe that, according to current literature,
pancreatic steatosis should have stronger consideration

first reported a benign
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in clinical practice, in particular: (1) as an early marker
of ectopic fat accumulation and insulin resistance in the
MetS; (2) in the differential diagnosis with pancreatic
fibrosis, especially when the pancreas is observed
with US or EUS; (3) as a prognostic and/or predictive
marker for acute pancreatitis and PC; (4) in preoperatory evaluation before pancreaticoduodenectomy
or pancreatic transplant; and (5) as a possible cause of
unexplained exocrine pancreatic insufficiency.
More research, in future, should focus on the
clinical consequences of pancreatic steatosis, in order
to understand its impact on human health, its patho
physiology and eventually support clinical trials.
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Transplantation is the optimal treatment for end-stage
organ failure, and modern immunosuppression has
allowed important progress in short-term outcomes.
However, immunosuppression poorly influences
chronic rejection and elicits chronic toxicity in current
clinical practice. Thus, a major goal in transplantation
is to understand and induce tolerance. It is well
established that human regulatory T cells expressing
the transcription factor FoxP3 play important roles in
the maintenance of immunological self-tolerance and
immune homeostasis. The major regulatory T cell
subsets and mechanisms of expansion that are critical
for induction and long-term maintenance of graft
tolerance and survival are being actively investigated.
Likewise, other immune cells, such as dendritic cells,
monocyte/macrophages or natural killer cells, have been
described as part of the process known as “operational
tolerance”. However, translation of these results towards
clinical practice needs solid tools to identify accurately
and reliably patients who are going to be tolerant. In
this way, a plethora of genetic and cellular biomarkers
is raising and being validated worldwide in large multicenter clinical trials. Few of the studies performed so
far have provided a detailed analysis of the impact
of immunosuppression withdrawal on pre-existing
complications derived from the long-term administration
of immunosuppressive drugs and the side effects
associated with them. The future of liver transplantation
is aimed to develop new therapies which increase the
actual low tolerant vs non-tolerant recipients ratio.
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Unfortunately, true immunologic tolerance has been
difficult to achieve, in part, because allergenic en
graftment is not a naturally occurring phenomenon
and graft rejection is the most powerful and diverse
immunologic response known. In recent years, the
main endpoint of immunosuppressive therapy has
shifted from the prevention of acute rejection toward
[7,8]
the preservation of long-term graft function . For
instance, Foxp3-expressing regulatory T cells (Treg)
critically prevent the occurrence of autoimmunity
and suppress various immune responses. Some of
the studies indicated that higher presence of Tregs
correlated with better transplant outcomes, but some
showed Tregs do not affect graft function and survival.
The conclusion of each study might be limited to
their study design or small sample size. Here, we
review the development and function of Tregs, and
how these cells are used to facilitate the induction of
transplantation tolerance. Moreover, while dendritic
cells (DC) are highly efficient antigen presenting cells
(APC) for exerting allergenic immune responses, DC
are also involved in establishing immune tolerance
[9]
by deleting T cell clones or inducing Tregs , and
we describe attempts of using tolerogenic DC as a
therapeutic strategy to promote transplant tolerance.
Likewise, we detail the implication of other cells in both
the innate and adaptive immune system to diminish
allergenic response.
In the other hand, development of new immuno
suppressive drugs treating to minimize the adverse
events while maintaining immunosuppressive efficacy
are raising. The inhibitors of mechanistic target of
rapamycin (mTOR), such as rapamycin and its derivate
everolimus, are powerful non nephrotoxic agents
with a different mechanism of action than calcineurin
inhibitors (CNI), which blocking growth-factormediated cell proliferation in the cellular response to
[10,11]
alloantigen
, and could maintain an adequate level
of IS while concomitantly promoting an immunologic
profile which could favor tolerance to the graft.
Last but not least, a review of different attempts
to establish a biomarker signature which define
liver transplant recipients who are candidates to be
subjected to a weaning protocol will be addressed in
the last part of this overview.

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

Core tip: Nowadays, the major goal in transplantation is
to understand and induce tolerance. Although a plethora
of genetic and cellular biomarkers is raising and being
validated worldwide in large multi-center clinical trials,
little is known about the impact of immunosuppression
withdrawal on pre-existing complications derived from
the long-term administration of immunosuppressive
drugs and the side effects associated with them. The
future of liver transplantation is aimed to develop new
therapies which increase the actual low tolerant vs nontolerant recipients ratio.
Baroja-Mazo A, Revilla-Nuin B, Parrilla P, Martínez-Alarcón
L, Ramírez P, Pons JA. Tolerance in liver transplantation:
Biomarkers and clinical relevance. World J Gastroenterol 2016;
22(34): 7676-7691 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i34/7676.htm DOI: http://dx.doi.
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INTRODUCTION
In 1953, Peter Medawar and his colleagues described
[1]
in their key paper that “acquired tolerance is due
to a specific failure of the host’s immunological
response”. Following on from this pioneering work of
Medawar and his colleagues more than 50 years ago,
extensive data obtained from rodents and large animal
experimental transplantation models have led to a
better understanding of the mechanisms leading to
graft rejection and transplantation tolerance. In clinical
transplantations since 1995, there has been increasing
evidence to demonstrate that liver transplant reci
pients who cease to take immunosuppressive drugs
maintain allograft function, suggesting that tolerance
[2,3]
is already present . Graft acceptance in the presence
of significantly reduced immunosuppression (IS)
requirements is referred to as “prope tolerance”
[4]
or “minimal IS tolerance” . In the clinical setting,
“operational tolerance” (OT) is defined as the absence
of acute and chronic rejection, and graft survival with
normal function and histology in an IS-free, fully
immunocompetent host, usually as an end result of
[5]
a successful attempt at IS withdrawal . Although
complete immunosuppressive drug withdrawal has
been rarely performed in an intentional manner,
accumulated experiences from selected institutions
indicate that this strategy is feasible in 20% of liver
[6]
transplant recipients . The achievement of immune
tolerance to an allergenic donor has been a field of
intense research over the last decades, fuelled by a
critical need to avoid IS-related side effects (particularly
nephrotoxicity, cancer, and cardiovascular events).

WJG|www.wjgnet.com

REGULATORY T CELLS IN
TRANSPLANTATION AND TOLERANCE
Regulatory cells are defined by their functional ability
to suppress immune responses. In 1970, Gershon and
Kondomade the seminal finding that T cells not only
augmented but also dampened immune responses and
that this down-regulation was mediated by T cells that
[12]
were different from Th cells . The term regulatory
or suppressor cells was reintroduced in 1995 based
on studies with mice thymectomized in the neonatal
[13]
period that developed a fatal autoimmune disease .
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[25]

inhibitory cytokines such as IL-10, IL-35 or TGF-β .
In the absence of regulatory T-cells, effector T-cells
recognize alloantigens presented in the context of MHC
molecules by APCs directly (donor APCs) or indirectly
(recipient APCs). After T cells are activated by the
binding of alloantigen-MHC to the TCR, and of CD80/86
to CD28, IL-2 is secreted by the effector T-cells,
and through autocrine mechanisms leads to further
T-cell activation, and proliferation and differentiation,
ultimately causing allograft rejection. Regulatory T-cells
inhibit APC function by down-regulating the expression
of co-stimulatory molecules on APCs and by inducing
APCs to produce immunoregulatory enzymes, such
as indoleamine dioxygenase, that alter the metabolic
microenvironment and depleting essential amino
acids. In addition, the interaction between CD80/86
expressed by APCs and CTLA-4 expressed by regulatory
T-cells is essential in mediating allograft tolerance.
Once regulatory T-cells are activated, they secrete
TGF-β, IL-10 and adenosine, which inhibit effector T-cells
and render them unresponsive (anergy) or tolerant
towards the graft. Collectively, these mechanisms
[25]
protect the graft , such as Tregs are considered to
be critical for the induction of transplant tolerance.
Transplantation of MHC histoincompatible tissues
elicits a strong, cytopathic, T cell-dependent immune
response to donor tissues. In this T cell-dependent
pathway to rejection, donor alloantigens are processed
by donor (direct pathway of allorecognition) or recipient
(indirect pathway of allorecognition) specialized APCs.
The characteristics of the inflammatory environment
in which donor-reactive CD4+ T cells recognize
donor antigens determine the lineage commitment
of these cells. Thus, depending on the cytokines
present when antigen activation occurs, naïve CD4+
Th cells can acquire a variety of cytopathic and/or
[26]
immunoregulatory phenotypes . In the absence of
proinflammatory cytokines, transforming growth factor
TGF-β induces expression of FoxP3 and differentiation
of CD4+ T cells into Tregs. In contrast, expression
of TGF-β with IL-6 or IL-21 prevents development of
the transplant-protective Tregs; instead, the antigenreactive CD4+ T cells become IL-17-producing T cells
[27-29]
(Th17), which are highly cytopathic
. Recent dis
coveries also revealed that, instead of being terminally
differentiated, Th17 and Tregs have remarkable
[30]
plasticity and are closely interlinked . Thus, Tregs
can differentiate into IL-17-producing cells in the
presence of IL-2 and IL-1-β whereas in the presence
of IL-27, Th17-producing cells also produce IL-10,
an immunosuppressive cytokine that prevents them
[31,32]
from functioning as destructive effector cells
. The
current paradigm is that the outcome of transplant
recipients, rejection or graft acceptance, is determined
by the relative balance between cytopathic Th1 and
Th17 CD4+ T cells vs rejection-blocking, cytopro
tective Tregs; this balance depends on the level of
inflammation in the microenvironment in which T-cell
[33]
activation takes place .

They identified the CD25 molecule [the interleukin
(IL)-2 receptor α-chain] as a Treg surface molecule
candidate because CD25+ T cells, which constituted
5%-10% of peripheral CD4+ T cells (and less than 1%
of peripheral CD8+ T cells) in normal naive mice, were
confined in the CD25high and CD45RBlow fraction of
CD4+ T cells. The identification of the forkhead box
P3 (FoxP3) as a key transcriptional factor in Tregs has
enabled us to determine a number of immunological
characteristics of natural Tregs, including their function,
[14-16]
stability and differentiation
. FoxP3 was initially
identified as the responsible gene for an X-linked
recessive inflammatory disease in scurfy mutant mice
and then for the fatal autoimmune/inflammatory
disease, immune dysregulation, polyendocrinopathy,
[17]
enteropathy or X-linked syndrome (IPEX) in humans .
The indispensable role of FoxP3 for the control of these
autoimmune and inflammatory disorders underlines
the crucial importance of naturally arising FoxP3+CD4+
[18]
Tregs for self-tolerance and immune homeostasis .
Although other subsets of cells with regulatory
functions have been described, CD4+CD25+FOXP3+
regulatory T-cells are the classic example. These
cells are defined by FOXP3 expression, but they
are not a homogeneous subset of cells. Regulatory
T-cells can be subdivided into naturally occurring
regulatory T-cells, which develop in the thymus, and
adaptive or induced regulatory T-cells, which are
converted from CD4+CD25- T-cells into cells with a
[19]
characteristic molecular profile in peripheral blood .
Stable expression of FoxP3 in naturally occurring
[20]
Tregs requires DNA methylation-based regulation .
Demethylation at a highly conserved region within
the human FoxP3 gene (Tregs-specific demethylated
region, TSDR) was found to be restricted to Tregs
when tested against all major peripheral blood cell
[21]
types and a selection of non blood cells . In addition
to the high specificity for Tregs, it was also observed
that FoxP3 TSDR demethylation occurred only in
natural Tregs, but not in recently activated effector T
[22]
cells transiently expressing FoxP3 . Some authors
found that FoxP3 was fully demethylated in nTregs,
partially demethylated in TGF-β-polarized iTregs and
[21,23]
methylated in naïve and Th cells
. TSDR demethy
lation does not act as an on/off switch, but corre
sponds with stability of FoxP3 expression determined
during the development in the thymus for naturally
occurring Tregs. This data indicated that epigenetic
modifications in the FoxP3 TSDR serve as a valuable
marker for the identification of nTregs with a stable
[24]
Tregs phenotype .
Although the exact mechanism of action of regu
latory T-cells is still under debate, studies involving
animal models have provided some insight. Such
studies have shown, for example, that regulatory T-cells
use several mechanisms to inhibit effector T-cells:
modulation of APC function; metabolic disruption such
as IL-2 deprivation or adenosine secretion; direct
cytotoxicity toward effector T-cells; and secretion of
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Tregs have been used as a diagnostic tool in
organ transplantation, and Tregs counts have been
measured in blood, biopsy and urine samples after
[34,35]
transplantation in many studies
. Although not
unanimous, some studies have suggested that Tregs
is associated with better outcome and can also serve
as an immune marker to predict the individual risk of
[36-41]
rejection and identify tolerant patients
.
In liver transplantation (LT), several trials have
been conducted to assess the feasibility of purposely
discontinuing all immunosuppressive drugs under
[33]
medical supervision . Three studies reported the
relationship between Tregs and transplant tolerance
[38,40,42,43]
in LT
and demonstrated that Tregs content
and function werenot lower in tolerance groups than
chronic rejection group, stable group and control
group, which suggested that Tregs may be associated
with transplant tolerance. This Tregs increment was
reported in retrospective studies where long-term
operationally tolerant patients were compared with
immunosuppressed patients. In the context of human
LT, the dynamics of Tregs have not been extensively
studied and may afford a means of identifying tran
splant recipients with a predilection to developing
tolerance. Therefore, the immune process that occurs
during the weaning off the IS was not analyzed. Our
group carried out a prospective study to investigate
the dynamic profile of the Tregs population in liver
transplant patients during IS withdrawal and whether
this profile could aid identification of patients who
[44]
develop operational tolerance . In this study the
first evidence was provided to demonstrate that
the increase of CD4+CD25high T cells and FoxP3
transcripts was associated with operational tolerance in
liver transplanted patients during IS withdrawal.
Nowadays, Tregs are used as a cellular therapy for
controlling rejection. In vitro and in vivo experimental
models have demonstrated that production of Tregs in
the periphery by FoxP3 transfection in naïve T cells can
[45,46]
lead to tolerance induction and graft acceptance
.
[47]
Nadig et al
have demonstrated that ex vivo
expanded CD25hiCD4+ and CD127loCD25+CD4+
Tregs are very effective at inhibiting vasculopathy,
with CD127loCD25+CD4+ cells being five times
more efficient than T cells selected on the basis
of high levels of CD25 expression prior to ex vivo
expansion. These experimental data gave support to
the potential use of Tregs in clinical transplantation.
Many strategies exist for the ex vivo generation and
[35,48-50]
⁄or expansion of Tregs
. Currently, three main
approaches are being explored for Tregs expansion
in the perspective of therapeutic protocols: ex vivo
nTregs expansion, ex vivo conversion of naïve T cells to
iTregs and in vivo expansion of nTregs and/or induction
[51-53]
of iTregs
. Besides co stimulatory blockade,
T-cell depletion induction therapies (e.g., anti-CD3,
anti-CD52 monoclonal antibodies or polyclonal antithymocyte globulins) are used in clinical solid organ
transplant (SOT) to prevent acute rejection. These
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therapies induce profound and durable (weeks to
months) reduction of circulating lymphocytes capable
of mounting an alloresponse. Recent data suggests
that T-cell depletion protocols allow preferential
expansion of Tregs once lymphocytes gradually
repopulate the host, thus skewing the Tregs/effector
[54]
T cells ratio towards tolerance . The “first-in-man”
studies with expanded nTregs were carried out in
patients who developed GVHD following bone marrow
[55-58]
transplantation
. However, the use of antigenspecific Tregs at the time of transplantation may be
limited if the donor is cadaveric, i.e., not known in
advance, as time is required to generate and expand
ex vivo donor-specifc Tregs. In the contrary, if a living
donor is available (HSCT, kidney, LT), recipient (or
donor in the case of HSCT) T cells could be isolated
in advance and manipulated ex vivo in the presence
of donor-derived APC or peptides. Efficient isolation,
expansion and cryopreservation strategies that comply
with good manufacturing practice (GMP) guidelines
are prerequisites for the clinical application of human
CD4+CD25+CD127low FoxP3+ Tregs. Although the
existence of Tregs is indisputable, using them for
therapeutic purposes has not been straightforward;
in fact the local microenvironment in which Tregs
reside can have a considerable influence on their
[59]
functional status . In addition, one of the obstacles
in the implementation of clinical protocols using Tregs
is their low frequency in the peripheral blood leading
to the need for ex vivo multiplication of the cells prior
[60]
to their use in vivo . While the transfer of Tregs
prolonged allograft survival, it was not sufficient to
induce robust tolerance on its own. This highlights
the need for adjuvant immunomodulatory therapies
to suppress strong immune activation and overcome
the rapidly expanding pool of alloreactive T cells early
after transplantation. Thus, the in vivo homeostasis,
lifespan and stability of nTregs and iTregs need to be
clarified before clinical trials on Tregs transfer can be
considered.

DCs IN TOLERANCE
DCs act as surveillance for the immune system,
sampling self and exogenous antigens in the peripheral
tissues and presenting them to T cells in lymphoid
organs. So, APCs serve as a bridge between antigens
and lymphocytes. Likewise, DCs providing additional
costimulatory signals and cytokines to stimulate the
immune response. Functions of DCs stem from their
high expression of surface major histocompatibility
complexes (MHC) class Ⅰ and Ⅱ , costimulatory
[61]
molecules and adhesion molecules . Apart from
their immunogenic roles, the influence of DCs on the
immune system can also be tolerogenic or inhibitory
in nature. DCs have been shown to be critical in
maintaining central and peripheral tolerance through
immune deviation, induction of T cell anergy, promotion
of T cell apoptosis and induction of Tregs.
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[84]

The importance of DCs in transplant rejection was
highlighted by the finding that graft rejection was
related to the migration of immunogenic passenger DCs
[62]
into recipient lymphoid tissues, instigating rejection .
Donor derived DCs from allografts have the ability
to directly migrate to recipient secondary lymphoid
[63]
tissues to initiate immune responses , referred as
direct pathway of allorecognition. Recipient DCs can
be equally implicated in transplant rejection, through
indirect pathway of allorecognition, as evidenced by the
-/fact that skin allografts from MHC class Ⅱ donors onto
-/[64]
MHC classⅠ recipients were still rejected . However,
more recently the view on recipient DCs as being solely
potent stimulators of T cells has changed, based on
evidence demonstrating the role of DCs in central and
[65-67]
peripheral tolerance
. The overall tolerogenic or
pathogenic capacity of DCs is dictated by: (1) the DC
subset involved; (2) the maturation status; and (3) the
[61,68,69]
microenvironment
. DC subsets differ on surface
marker expression, tissue distribution and function.
Human DCs subsets display a vast array of subsets:
myeloid, plasmacytoid or follicular DCs and Langerhan’s
[70,71]
cells
. It is known that production by inmature DCs of
indoleamine 2,3-dioxygenase (IDO), which catabolizes
the essential amino acid L-tryptophan, evokes an
amino acid deprivation, inhibiting antigen specific T cell
proliferation while promoting Tregs development and
[72,73]
tolerance
. The local microenvironment can have a
significant impact on the development of DCs. Certain
locations promote greater numbers of tolerizing DCs
than others. Liver-derived DC progenitors were more
[74,75]
suppressive than bone marrow derived DCs
. In
vivo development of DCs in driven by hematopoietic
growth factors c-Kit ligand and Fms-like tyrosine
[76-78]
kinase 3 (FLT-3)
, and production of granulocyte
and monocyte colony stimulatory factors (GM-CSF) by
activated T cells serves as maturation signal for DCs.
Fully mature DCs produce proinflammatory cytokines
[79]
and upregulate costimulatory molecules . In contrast,
immature DCs produce tolerogenic cytokine IL-10 and
lack costimulatory signals for T cell activation.
Although the major mechanism of immune tole
rance occurs in the thymus, DCs induce peripheral
tolerance through: (1) deletion of alloantigen specific
T cells; (2) induction of T cell anergy; (3) immune
[9]
deviation; and (4) generation of regulatory T cells .
Transplantation of allogenic organs generates high
frequencies of alloreative T cells, and deletion of donorreactive T cells is critical in the induction of transplant
tolerance. Elimination of donor-reactive T cells by
DCs could be carried out through either inhibitory
[75,80,81]
signaling or production of apoptotic factors
. The
mechanisms through which immature DCs induce T cell
anergy are not understood but thought to involve IL-10,
directly through IL-10 receptor signaling or dependent
[82,83]
on inducible T-cell costimulator (ICOS) signaling
.
Another reason for considering tolerogenic DCs for
tolerance therapies in transplantation is their ability
to skew the cytokine profile in the direction of a Th2
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phenotype . DCs induce contrasting states of immunity
or tolerance based on their maturation and subset.
Both in vivo and in vitro evidence support the central
role of IL-12 in the polarization of Th1 lymphocytes.
Levels of IL-12 fluctuate during the different stages
of DC development, therefore, DCs can differ in their
immunogenicity depending on their maturation state.
Tolerogenic DCs can in part mediate Tregs suppressive
functions by promoting their development, principally
[85]
by immature DCs . Tolerogenic DCs may not only
be involved in the induction of Tregs but may also
play a role in the activation and maintenance of their
suppressor functions. IDO has been shown to skew
naive CD4+ T cell development towards the Treg
[86]
lineage , and it was dependent on cell-cell contact
[87]
mediated mechanisms . Interestingly, Tregs may also
promote the development of tolerogenic DCs from DC
[88]
progenitors .
In this way, tolerogenic DCs are tempting from a
clinical perspective because of their low capacity for T
cell stimulatory functions and high capacity for inducing
tolerogenicity. Tolerogenic DCs differ phenotypically
and functionally from their mature DC counterparts.
[89]
Downregulation of MHC class Ⅱ
and costimulatroy
[90,91]
molecules as CD40, CD80, CD86 or CD83
or upre
[92]
gulation of inhibitory factors as B7-H1 or ICOS ligand
[93,94]
and death inducing ligands as FASL or TRAIL
on
the surface of tolerogenic DCs compromises their ability
to present antigen and activate T cells. In addition
to contact dependent mechanisms of inhibition, tole
rogenic DCs secrete effector molecules and regulatory
cytokines (nitric oxide, heme-oxygenase-1, IL-10),
[95-97]
thereby extending their suppressive effects
.
In vitro propagation of DCs is necessary to gene
rate the number of DCs required for therapeutic
applications, due to DCs constituting a small fraction
of leukocytes. In this way, several techniques have
been carried out to manipulating DCs for therapeutic
[92]
purposes. Maturation with GM-CSF
and tolerogenic
[74,98]
cytokines, blocking the costimulatory pathway
,
[99]
using immunosupressive drugs as rapamycin
or by
[100,101]
genetic engineering
.

OTHER CELLS: B CELLS, MACROPHAGES
AND NATURAL KILLER CELLS
B cells not only serve as an effector component of
an immune response by generating antibodies, but
they also present antigens to T cells and release
immune cytokines. They may help to generate and
expand Tregs as well as diminish antigen-specific T cell
[102,103]
responses
. B cells also produce cytokines under
inflammatory conditions. In particular, B cells produce
large amounts of the immunosuppressive cytokine
IL-10, which inhibits and reverses the progression of
inflammation. Both CD5+ B1 cells and conventional B
[104]
cells have been reported to produce IL-10
. These
findings suggest that B cells may be critical regulators
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in the process of tolerance induction. Clinical trials in
renal transplantation revealed a significant increase
of total B cell numbers and naive B cells in tolerant
[103,105]
recipients
. Moreover, tolerant patients also had
enhanced expression of B cell differentiation and
activation genes such as TCL1A or VH4-34. It remains
unknown whether the elevation of B cell numbers was
a consequence of transplantation tolerance or whether
the B cells were involved in promoting tolerance.
Other innate cell types exhibit similar features in
tolerance induction. In certain settings, monocyte/
macrophage can exert potent anti-inflammatory and
immunosuppressive effects that help maintain peri
[106]
pheral tolerance
. The alternative activated M2
macrophages are capable of secreting anti-inflammatory
cytokines, such as IL-10 and TGF-β that are involved
in tapering immune responses and resolution of graft
inflammation. In fact, some studies demonstrate that
adoptive transfer of M2 macrophages can ameliorate
the induction of experimental autoimmune encephalitis
and prevent autoimmune colitis by inducing and
[107]
expanding Tregs
. Additionally, adoptive transfer of
donor-derived M2 macrophages in a cohort of human
kidney transplant recipients allowed for significant
reduction in the use of immunosuppressive drugs.
Similarly, natural killer (NK) cells also employ different
mechanisms to promote transplant tolerance. NK cells,
guided by “missing self recognition”, can eliminate graftderived allergenic DCs, thus reducing T cell priming by
[108]
the direct pathway of antigen presentation
. Killing
of donor cells by NKs favours the indirect antigen
presentation, which is implicated in tolerance induction.
Also, some NK cells exhibit regulatory function through
IL-10 dependent mechanisms and contribute to
tolerance induction by tipping the balance towards
[109]
regulation .
The striking dichotomy of innate immune cells in
transplant settings (rejection vs tolerance) is most
likely context dependent, representing opposite out
comes of the immune response to allotranasplants.
Along this line, NK cells can be tolerogenic, and further
[110]
NK maturation by IL-15 mediates rejection
. Like
wise, M1 macrophages are pro-inflammatory and M2
macrophages are immunosuppressive. This contextdependent function of innate pathways and contextdependent regulation of innate immune cells constitute
a major challenge in manipulating immune responses
to allotransplants.

have been more difficult to achieve. The main reason
is that prolonged CNI exposure is associated with
[112]
[113]
[114]
nephrotoxicity , neurotoxicity , risk for cancer ,
[115]
[116]
metabolic complications
, and hypertension
.
Reducing CNI exposure is the main goal to lower these
adverse events, maintaining immunosuppressive
efficacy. The inhibitor of mTOR, such as rapamycin and
its derivate everolimus, are powerful non nephrotoxic
agents with a different mechanism of action than CNI.
Meanwhile CNI block the production of proinflammatory
cytokines leading to inhibition of T-cell activation,
rapamycin reduce T-cell activation later in the cell cycle
by blocking growth-factor-mediated cell proliferation
[10,11]
in the cellular response to alloantigen
, The distinct
mechanism of action and favorable nephrotoxicity
profile has led to rapamycin-containing regimens being
developed with the aim of minimizing, eliminating, or
avoiding exposure to CNI. mTOR is a protein kinase
involved in the signal 3 pathway of lymphocyte acti
[117]
vation . More specifically, mTOR belongs to the PI3K
pathway, which is involved in several fundamental
cellular functions such as cell growth, proliferation,
and survival. The mTOR protein interacts with several
proteins to form two distinct complexes: mTOR
[118]
complex 1 (mTORC1) and 2 (mTORC2) . Rapamycin
interact with and inhibits mTOR, but only when it is
[118]
part of mTORC1 and not mTORC2 .
Rapamycin mediates immunosuppressive effects
through multiple immune cell types and processes.
Inhibition of mTOR by rapamycin suppresses the
immune response by preventing cell cycle progression
[119]
from G1 to S phase, thereby blocking proliferation .
Likewise, rapamycin can promote T-cell anergy
independently of the inhibition of proliferation even
in the presence of TCR activation and co-stimulation
[120,121]
by CD28 and IL-2
. Other important functions
of rapamycin in the immune system are related
to dendritic cells. Rapamycin inhibits the ability of
dendritic cells to endocytose antigens, to express
MHC class Ⅱ molecules and to express co-stimulatory
[122,123]
molecules
, thereby preventing these cells from
fully maturing into APCs that can strongly stimulate
T-cells. Furthermore, immature dendritic cells promote
the expansion of regulatory T-cells thus promoting
[124]
tolerance to the graft
. This is explained by the
observation that the JAK/STAT signaling pathway is
induced preferentially in regulatory T-cells, whereas
the PI3K/AKT/mTOR signaling pathway is reduced
[125]
relative to conventional T-cells
. In addition, rapa
mycin induces the expression of high levels of the antiapoptotic proteins Bcl-2 and Bcl-xL in regulatory T-cells;
however, it downregulates the expression of such
[126]
proteins in conventional T-cells .
Many studies have confirmed the beneficial effects
of rapamycin or everolimus on regulatory T-cell biolo
[127-129]
gy
. Patients treated with rapamycin before an
allergenic corneal transplant showed an increased
percentage of regulatory T-cells after transplanta
[130]
tion , these changes were associated with inhibition

IMMUNOSUPPRESSIVE DRUGS IN
TRANSPLANTATION TOLERANCE:
RAPAMYCIN
CNI, such as tacrolimus and cyclosporine A, have
become the principal immunosuppressive drug in solid
[111]
organ transplantation
. Their use resulted in lower
rejection rates and improved short-term allograft
survival rates, although long-term improvements
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Table 1 Biomarkers of tolerance in liver transplantation
Biomarker
Dendritic cells
pCD/mCD ratio
mDCs/pCD ratio
PD-L1/CD86 ratio
DC HLA-G expression
T cells
Regulatory T cells

Natural killer
Soluble factors
Serum HLA-G
Anti-donor antibodies
Cell proliferation
Phytohemagglutinin SI
Genetic profile
Cytokine gene
polymorphism
Gene transcripts
Genes related to iron
homeostasis in liver graft

Description

Study before or during
IS withdrawal

Ref.

Tolerant patients have elevated pDC/mDC ratio. No differences between tolerant
patients vs healthy controls
Elevated mDC/pCD associated with late rejection
Elevated PD-L1/CD86 expression on DCs in tolerant patients
Elevated on mDC

No

[134,150]

No
No
No

[151]
[152]
[153]

Increase of peripheral CD4+CD25high cells and RNA FoxP3 over time during
weaning
Increase in T regs in liver biopsy of tolerant patients
Increase in Tolerant patients

Yes

[40,43,44,133]

Yes

[154]

Normal or elevated serum HLA-G levels associated to normal liver
Absent in tolerant patients

No
No

[155-157]
[150]

SI < 20 and > 10 yr since LT 100% tolerance

Yes

[158]

Low TNF-alpha and high/intermediate IL-10 production in OT

No

[159]

Enriched from NK, CD4+CD25+ FoxP3+, γδTCR+ and δ1TCR+
Enriched in tolerant patients (CDHR2, MIF, PEBP1, SOCS1, TRF)

No
Yes

[42,43,160]
[140]

DC: Dendritic cell; mDC: Monocytoid dendritic cell; LT: Liver transplantation; pDC: plasmacytoid dendritic cell; SI: Stimulation index.

[128]

[6]

of graft rejection. In another , patients treated with
everolimus maintained constant levels of CD4+ T-cells
during the treatment, but patients treated with CNI
showed a decrease of these cells. Moreover, patients
treated with everolimus had higher percentage of total
CD4+ and naïve CD4 T-cells than those treated with
CNI. With patients receiving IS, maintaining a pool of
naïve T-cells is of great importance to protect against
new infective agents. In addition, compared with
cyclosporine A-treated patients, everolimus-treated
patients had more regulatory T-cells and regulatory
T-cells expressing CXCR3, a chemokine receptor that
is responsible for the migration of T-cells to inflamed
tissue such as the transplanted liver. Thus, everolimus
seems to be more effective in preventing rejection by
allowing regulatory T-cells to exert an effect in situ.
Cyclosporine A-treated patients did not maintain the
levels of regulatory T-cells that were present before LT.
The results of other studies of mice treated with
rapamycin have suggested that antigen-specific T-cells
responding to a pathogen express CD62L, which is
associated with the development of a memory pheno
type, whereas antigen-specific T-cells responding to a
[131]
graft do not express this marker . Thus, minimizing
the generation of memory cells by treatment with an
mTORi could decrease graft rejection responses, and
indirectly promote an environment where tolerance
could be established.

tionally tolerant after LT ; however, identifying tolerant
patients before drug withdrawal is the purpose. Thus,
researchers have focused on identifying biomarkers
of tolerance that would aid the clinician in detecting
tolerant individuals and help to elucidate molecular
mechanisms of tolerance and provide therapeutic
[132]
targets
(Table 1).
At the beginning, the studies performed to identify
biomarkers of tolerance in LT employed immuno
phenotyping by flow cytometry and gene expression
[40,42,43,133,134]
profiling of blood samples
. These studies
were made in a retrospective and cross-sectional
fashion, where operationally tolerant recipients defined
as patients with stable graft function after IS withdrawal
were compared to recipients under maintenance IS
who suffered a rejection episode during drug weaning
[134]
process (non-tolerant patients). Mazariegos et al
demonstrated a significant increase in the ratio of
peripheral blood monocytoid dendritic cells (mDC)
to plasmacytoid dendritic cell (pDC) precursors in
tolerant patients compared to healthy controls and
those on maintenance IS. In other reports, tolerant
patients exhibited increased numbers of Tregs, and an
[133,135]
increase in the vδ1/vδ2 T-cell subset ratio
. One
of these groups showed, in their cohort of pediatric
liver transplant recipients, that the γδT cell signature
previously noted in peripheral blood mononuclear
cells (PBMC) also characterized intragraft analysis and
also showed significant accumulation of Treg in liver
allograft biopsy samples of tolerant vs non-tolerant
[133]
recipients
. These findings were corroborated
recently in an adult cohort of tolerant subjects who
[136]
underwent prospective withdrawal of IS .

IDENTIFYING TOLERANT PATIENTS: A
BIOMARKER SIGNATURE
A significant number of patients may become opera
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While both peripheral blood immune cell pheno
typing and cross-platform gene expression profiling
showed tolerance to be associated with increases
in B-cell-related transcripts, and in some reports, a
skewing towards transitional and naïve B-cell reper
[137,138]
toires
, biomarkers associated with liver allograft
tolerance are predominantly related to natural killer
cells and γδT cells in blood, and genes related to
iron homeostasis in the graft. Robust highly specific
gene signatures have been developed as biomarkers
[139]
associated with liver allograft tolerance
. The
[43]
group of Martinez-Llordella et al
was the first to
use microarray technology for the gene expression
profiling of PBMC from operationally tolerant liver
transplant recipients. They compared in a retrospective
cross-sectional study gene expression profiles in the
peripheral blood of tolerant and non-tolerant liver
transplant recipients with healthy controls. They found
that clinically tolerant patients could be identified not
only by a signature of genes encoding several cell
surface receptors expressed by NK, CD8+ and γδT cells
as well as proteins involved in halting cell proliferation,
but also by the expansion of CD4+CD25+Foxp3+
natural regulatory T cells (nTregs) and γδ TCR+
(especially vδ1 TCR+) T cells in the peripheral
blood. This genomic and immunological footprint of
operational tolerance was subsequently validated in
[42]
an independent cohort of 23 additional recipients .
Our group reported one of the first prospective IS
withdrawal studies analyzing the expression of FOXP3
in peripheral blood Tregs during withdrawal of IS in
[44]
liver transplant recipients receiving cyclosporine A .
An increase in the frequency of CD4+CD25high cells
was observed when IS was withdrawn in tolerant liver
transplant recipients. Any significant difference in this
population of cells was not observed in the non-tolerant
group. In addition, tolerant patients exhibited an
increase in FOXP3 mRNA expression of peripheral blood
mononuclear cells before complete IS withdrawal that
continued even when IS therapy was stopped.
[140]
More recently, Bohne et al
reported the results
of the first prospective IS withdrawal trial in liver
transplant recipients including blood and liver tissue
transcriptional biomarker studies. In that study, 98
liver recipients completed the trial: 57 experienced
rejection and 41 were successfully weaned. Sequential
blood and/or liver tissue samples from 75 recipients
were analyzed with whole-genome microarrays and
quantitative polymerase chain reaction. While PBMC
gene analysis again corroborated the enrichment of
natural killer and γδT cell transcripts, additionally, before
initiation of drug withdrawal, operationally tolerant and
non-tolerant groups differed in the intragraft expression
of genes related to iron metabolism; tolerant patients
also had higher serum levels of hepcidin and ferritin as
well as increased iron deposition within hepatocytes.
More important is the fact that certain hepatic tissue
gene expression patterns had a high predictive value
of the outcome of IS withdrawal in an independent
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set of patients. These results suggest a critical role for
iron metabolism in the regulation of human intragraft
alloimmune responses and provide a set of biomarkers
to enroll the liver transplant patients into drug weaning
[140]
trials with higher probability of success .
MicroRNAs (miRNAs) constitute a key regulatory
component of immune system development and
[141]
function. In a recent study, Vitalone et al
found in a
rat experimental model of LT an increased expression of
miR-142-5p and miR-181a in liver tissue and proposed
that these miRNAs represented 2 potential biomarkers
associated with tolerance. This study demonstrated
the need for ongoing evaluation to delineate the role of
individual miRNAs within the context of larger patient
cohorts.
Recently, several promising biomarkers have been
identified for determining patient alloreactivity and
tolerance. A consensus document that aims to help
tailor IS has been developed by the Biomarker Working
Group of the International Association of Therapeutic
[142]
Drug Monitoring and Clinical Toxicology .

CLINICAL RELEVANCE OF TOLERANCE
IN LIVER TRANSPLANTATION: DOES
IMMUNOSUPPRESSION WITHDRAWAL
REDUCE THE COMPLICATIONS
RESULTING FROM ITS USE?
Regardless of the progress made in recent years in
OT, it would be necessary to define in a controlled
and prospective way different aspects that arise
as questions from the patient’s bedside: (1) Is it
possible to withdraw IS in patients with LT? (2) Is
it dangerous for patients to be subjected to an IS
withdrawal protocol? (3) Is IS withdrawal beneficial for
patients? and (4) Is there any parameter that during
IS withdrawal process allows recognizing the group of
patients who can be subjected to IS withdrawal? The
first cases of OT after LT were documented by Starzl
[143]
et al
in the early 1990s. Based on the finding that
11 LT patients had stopped taking IS medication due
to lack of treatment adherence or post transplant
lymphoproliferative disease, the authors designed a
prospective study on intentional withdrawal of IS in
[144]
LT patients and toxicity associated with IS
. In 18
(19%) of the 95 patients included in the study, IS could
be completely withdrawn without causing alterations
in liver function up to 2.2 years after inclusion. Since
then, various studies have been published in which
complete IS withdrawal in LT patients was attempted
according to a pre-established protocol. Undoubtedly,
intentional IS withdrawal protocols in LT without the use
of presumably tolerogenic treatments are the largest
in number and were the basis for establishing the
proof of the concept of OT. Overall, OT was obtained
in 23% of the patients without tolerogenic protocols,
all of whom were selected for different reasons;
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however, they were generally chosen because of
adverse effects of immunosuppressive medication. The
strategies investigated up to now, aimed at obtaining
an IS-free state, are numerous and heterogeneous in
terms of concept, rationale, patient age, underlying
LT indications, objectives, type of LT (cadaver or living
donor),duration of IS withdrawal period, duration of
follow up, presence or absence of donor cell chimerism,
tools used to measure tolerance mechanisms, etc.
Nevertheless, the literature published to date can be
summarized by maintaining that a permanent state
of OT can be obtained in some patients undergoing LT
for non-immunological underlying diseases and that
those patients who do not achieve OT and experience
rejection are not exposed to a greater risk of graft loss
or death.
The first two prospective multicenter monitored
clinical trials of IS withdrawal in pediatric and adult
patients with LT have been recently published. The
[145]
study of Benítez et al
is the first prospective
multinational study of IS withdrawal in adults. This
study included 102 patients out of 500 who were
initially analyzed after IS withdrawal for a period
between 6 and 9 mo. The primary goal of this study
was to define the frequency of operational tolerance
and the secondary objectives were based on mortality,
graft loss, severity of rejection episodes, time between
the start of IS withdrawal and rejection, histological
liver changes after IS withdrawal, normalization of
graft dysfunction after rejection onset and possible
change in the side effects of IS followed by a 36 mo
monitoring after inclusion in the study. Its main results
and conclusions were:
A 40.2% (41/102) of patients with treatment
intention or 41.8% (41/98) of patients by protocol
compliance achieved OT, which was stable at least for
49 ± 7.7 mo of follow up.
Not all of the patients analyzed (500) were included
in the study. Therefore, the applicability of this IS
withdrawal strategy was only 20.4% (102/500).
The non-tolerant patients (57; 58%) were always
this way during IS withdrawal and not after finishing
withdrawal. Concerning these patients, rejection was
mild or moderate in most of them and only severe in
5%. In addition, there were not any cases of chronic
rejection and liver dysfunction was resolved in most
cases with basal IS restoration or with association of
low or moderate doses of steroids.
There were not any changes in comorbidities or
in tolerant and non-tolerant patients after a follow-up
period of 36 mo.
In tolerant patients, there was an increase of lobular
inflammation beginning one year after IS withdrawal,
not observed three years after such withdrawal.
One of the most important findings of this study is
that the best tolerance predictor after LT is time. It is
still more striking to notice that 79.2% of those who
had had their graft for 10.6 years or more achieved
IS withdrawal, indicating a propensity to develop
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tolerance over time. Nevertheless, the probability of
tolerance was zero in patients with less than 6 years
from LT and who were under the age of 49.
The results of this study demonstrate the real
possibility of withdrawing immunosuppressive drugs
in a higher proportion of patients with LT than the
previously known of 20%, especially the more time has
passed after the transplantation. The study has some
limitations that the authors themselves acknowledge,
as the possible bias because of the strict selection
criteria that result in low applicability of this strategy.
Furthermore, the lack of clinical benefit in terms of
improvement of the side effects of IS requires a closer
monitoring to study if it occurs. The findings of this
study are consistent with the other large prospective
study carried out in 20 pediatric transplant patients
[146]
with parental living donor
. In this study, 60% of
patients reached OT and these patients had been
transplanted longer (median, 100.6 mo) than those
non-tolerant patients (median, 73 mo). In addition,
the study confirms a higher rate of OT in pediatric
patients than in adults, as previously demonstrated.
The first two questions posed are clearly answered,
[145]
[147]
both by Benítez et al , and by Feng et al , and it
can be asserted that OT is possible and frequent the
more time passes from LT and it is not particularly
dangerous when done in a controlled way. Nevertheless,
a longer follow up is necessary, since sometimes
rejection can occur several years after IS withdrawal.
However, it is more difficult to answer the question
about whether IS withdrawal is beneficial for the
patient, since neither study showed benefits.
A major focus of IS reduction or withdrawal
has been the long-term effects. Few of the studies
performed so far have provided a detailed analysis
of the impact of IS withdrawal on pre-existing compli
cations derived from the long-term administration
of immunosuppressive drugs and the side effects
associated with them (Table 2). In only one study
the aim was to evaluate the feasibility of gradual
withdrawal of IS in liver transplant recipients and
to examine the impact of IS withdrawal on renal
[148]
function and cardiovascular risk factors
. In this
study, IS withdrawal was safely achieved in selected
liver transplant patients and improved not only kidney
function but also other CyA-associated side effects such
as hypercholesterolemia, hyperuricemia, hypertension
and diabetes control. However, longer follow-up periods
are needed to confirm the benefits of IS withdrawal in
liver transplant patients and to observe whether there
are problems with chronic rejection after complete
withdrawal of immunosuppressive drugs. Only one
study has examined the effect of IS withdrawal in
[146]
hepatitis C virus-positive recipients
. This study
showed improvement in fibrosis after withdrawal,
similar to that observed with successful post-LT
interferon therapy. However, this preliminary study has
not been replicated, and a follow-up study almost 3
years later did not show any histological differences.
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Table 2 Impact of immunosuppression withdrawal on preexisting complications in liver transplantation
Author (year)

Ref.

No. of
patients

Rational for IS withdrawal

Description of impact on
preexisting complications

Impact on preexisting complications in tolerant
patients

Mazariegos
(1997)

[144]

95

Chronic IS-related toxicity

Yes

[2]

18

Chronic IS-related toxicity

No

No changes in renal function or hypertension.
Higher survey scores of patients well being
-

[161]

63

30 PTLD

No

-

[162]

18

No

-

[163]

104

No

-

[146]

34

Yes

Less cardiovascular or infectious diseases

Pons
(2009)

[148]

22

Patients who expressed a desire
to discontinue IS
Role of DBMI in IS withdrawal
in LT
Impact of IS withdrawal on
HCV disease in LT
Chronic IS-related toxicity

Yes

Feng
(2012)
de la Garza
(2013)
Benitez
(2013)

[147]

20

Chronic IS-related toxicity

Yes

Renal function, hypertension,
hypercholesterolemia, hyperuricemia,
hypertension and diabetes control improved
No changes in comorbidities

[158]

22

Chronic IS-related toxicity

No

-

[145]

102

Chronic IS-related toxicity

Yes

No changes in comorbidities

Devlin
(1998)
Takatsuki
(2001)
Eason
(2005)
Tryphonopoulos
(2005)
Orlando
(2008)

IS: Immunosuppression; PTLD: Post-transplant lymphoproliferative disorder; HCV: Hepatitis C virus; LT: Liver transplantation; DBMI: Donor bone
marrow infusion.

In this study, tolerant individuals were euglycemic
and more intolerant individuals developed new onset
diabetes that required specific treatment. Finally,
significantly more intolerant patients were suffering
from either cardiovascular or infectious diseases.
[149]
Yoshitomi et al
found that grafts from operationally
tolerant living donor LT recipients exhibited more
fibrosis, ductular reactions, and decreased luminal
diameter of bile ducts as compared to patients under IS
treatment, and that these abnormalities improved after
reintroduction of low-dose IS. However, these data
should be cautiously interpreted due to the substantial
difference in post transplantation time between the two
groups.
A limitation of all withdrawal studies is the absence
of prospectively followed, IS-maintained patients as
control cohorts. Understanding the true clinical benefits
of withdrawal rather than comparing long-term out
comes and IS-related effects in tolerant vs intolerant
recipients is likely to be more useful when comparing
such outcomes of intolerant vs IS-maintained or ISminimized patients as control cohorts. The potential
impact of IS minimization or withdrawal protocols on
long-term subclinical histological graft damage (e.g.,
idiopathic chronic hepatitis and/or progressive fibrosis)
also remains to be properly investigated. This is
relevant considering that most protocol biopsy studies
have revealed substantial histological abnormalities in
long-term surviving liver recipients with unremarkable
liver function tests.
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CONCLUSIONS AND FUTURE
CHALLENGES
The future of LT should be focused on the reduction
of side effects due to immunosuppressive drugs in
order to improve quality of life with preservation of
the viability of the liver graft. Tolerance is a reality in a
reduced number of patients, so new treatments aimed
to increase tolerance of the liver allograft have to be
developed. Cell therapy with ex vivo expanded Tregs
is currently being tested to induce LT tolerance. The
effects of mesenchymal stromal cell infusions are also
being explored, trying to improve preservation injury,
preventing ischemic cholangiopathy, or facilitating IS
minimization. While these are very promising studies,
key issues related to dosing, timing or most appropriate
adjunctive IS will need to be clarified before large scale
clinical applications can be considered. Looking into
the future, conventional immunosuppressive drugs
will likely remain as principal therapy after LT. Some
selected patients will not need IS due to induced or
spontaneously developed tolerance. In the remaining
recipients, IS will be administrated according to the
quality of the graft, inflammatory status, or degree of
cellular or humoral sensitization.
Defining new biomarkers to assess the individual
immune status of a transplant patient to fine tune the
immunosuppressive therapy is the key to improve
graft and patient survival. Many biomarkers have
not yet been validated in comprehensive prospective
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clinical trials and the proposed clinical decision limits
are frequently based on retrospective and single
center experiences. Molecular profiling is evolving
at unprecedented rates, as are the bioinformatic
techniques required to enable the handling of the
vast data pools generated. Definitive substantiation of
the clinical utility of any of the discussed biomarkers
rests on their successful application in prospective,
randomized trials of biomarker-led IS weaning.
Lastly, it is becoming evident that a single biomarker
cannot be able to reflect all the alterations of the
immune system associated with LT. Therefore, a panel
of different biomarkers will be needed to properly
evaluate the immunological suppression and to modify
immunosuppressive treatment according to patient
needs.

14
15
16
17

18
19

REFERENCES
1
2

3

4
5

6
7
8
9

10

11

12
13

Billingham RE, Brent L, Medawar PB. Actively acquired
tolerance of foreign cells. Nature 1953; 172: 603-606 [PMID:
13099277]
Devlin J, Doherty D, Thomson L, Wong T, Donaldson P, Portmann
B, Williams R. Defining the outcome of immunosuppression
withdrawal after liver transplantation. Hepatology 1998; 27:
926-933 [PMID: 9537430 DOI: 10.1002/hep.510270406]
Mazariegos GV, Ramos H, Shapiro R, Zeevi A, Fung JJ, Starzl
TE. Weaning of immunosuppression in long-term recipients of
living related renal transplants: a preliminary study. Transplant
Proc 1995; 27: 207-209 [PMID: 7878974]
Calne RY. Prope tolerance: the future of organ transplantation-from the laboratory to the clinic. Transplantation 2004; 77:
930-932 [PMID: 15077040]
Wieërs G, Gras J, Bourdeaux C, Truong DQ, Latinne D, Reding
R. Monitoring tolerance after human liver transplantation. Transpl
Immunol 2007; 17: 83-93 [PMID: 17306738 DOI: 10.1016/
j.trim.2006.09.020]
Adams DH, Sanchez-Fueyo A,Samuel D. From immunosup
pression to tolerance. Journal of Hepatology 2015; 62: S170-S185
[DOI: 10.1016/j.jhep.2015.02.042]
Nepom GT, St Clair EW, Turka LA. Challenges in the pursuit
of immune tolerance. Immunol Rev 2011; 241: 49-62 [PMID:
21488889 DOI: 10.1111/j.1600-065X.2011.01003.x]
Waldmann H. Tolerance: an overview and perspectives. Nat
Rev Nephrol 2010; 6: 569-576 [PMID: 20717099 DOI: 10.1038/
nrneph.2010.108]
Hawiger D, Inaba K, Dorsett Y, Guo M, Mahnke K, Rivera M,
Ravetch JV, Steinman RM, Nussenzweig MC. Dendritic cells
induce peripheral T cell unresponsiveness under steady state condi
tions in vivo. J Exp Med 2001; 194: 769-779 [PMID: 11560993]
Johnson RW, Kreis H, Oberbauer R, Brattström C, Claesson K,
Eris J. Sirolimus allows early cyclosporine withdrawal in renal
transplantation resulting in improved renal function and lower blood
pressure. Transplantation 2001; 72: 777-786 [PMID: 11571437]
Nashan B, Curtis J, Ponticelli C, Mourad G, Jaffe J, Haas T.
Everolimus and reduced-exposure cyclosporine in de novo renaltransplant recipients: a three-year phase II, randomized, multicenter,
open-label study. Transplantation 2004; 78: 1332-1340 [PMID:
15548972]
Gershon RK, Kondo K. Cell interactions in the induction of
tolerance: the role of thymic lymphocytes. Immunology 1970; 18:
723-737 [PMID: 4911896]
Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M. Immuno
logic self-tolerance maintained by activated T cells expressing IL-2
receptor alpha-chains (CD25). Breakdown of a single mechanism
of self-tolerance causes various autoimmune diseases. J Immunol

WJG|www.wjgnet.com

20

21

22

23
24
25

26
27
28

29
30

7686

1995; 155: 1151-1164 [PMID: 7636184]
Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the
development and function of CD4+CD25+ regulatory T cells. Nat
Immunol 2003; 4: 330-336 [PMID: 12612578 DOI: 10.1038/ni904]
Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell
development by the transcription factor Foxp3. Science 2003; 299:
1057-1061 [PMID: 12522256 DOI: 10.1126/science.1079490]
Khattri R, Cox T, Yasayko SA, Ramsdell F. An essential role for
Scurfin in CD4+CD25+ T regulatory cells. Nat Immunol 2003; 4:
337-342 [PMID: 12612581 DOI: 10.1038/ni909]
Brunkow ME, Jeffery EW, Hjerrild KA, Paeper B, Clark LB,
Yasayko SA, Wilkinson JE, Galas D, Ziegler SF, Ramsdell F.
Disruption of a new forkhead/winged-helix protein, scurfin, results
in the fatal lymphoproliferative disorder of the scurfy mouse. Nat
Genet 2001; 27: 68-73 [PMID: 11138001 DOI: 10.1038/83784]
Haque R, Lei F, Xiong X, Song J. The regulation of FoxP3expressing regulatory T cells. Endocr Metab Immune Disord Drug
Targets 2011; 11: 334-346 [PMID: 21696363]
Zheng SG, Wang JH, Gray JD, Soucier H, Horwitz DA. Natural
and induced CD4+CD25+ cells educate CD4+CD25- cells to
develop suppressive activity: the role of IL-2, TGF-beta, and
IL-10. J Immunol 2004; 172: 5213-5221 [PMID: 15100259 DOI:
10.4049/jimmunol.172.9.5213]
Floess S, Freyer J, Siewert C, Baron U, Olek S, Polansky J,
Schlawe K, Chang HD, Bopp T, Schmitt E, Klein-Hessling S,
Serfling E, Hamann A, Huehn J. Epigenetic control of the foxp3
locus in regulatory T cells. PLoS Biol 2007; 5: e38 [PMID:
17298177 DOI: 10.1371/journal.pbio.0050038]
Baron U, Floess S, Wieczorek G, Baumann K, Grützkau A, Dong J,
Thiel A, Boeld TJ, Hoffmann P, Edinger M, Türbachova I, Hamann
A, Olek S, Huehn J. DNA demethylation in the human FOXP3
locus discriminates regulatory T cells from activated FOXP3(+)
conventional T cells. Eur J Immunol 2007; 37: 2378-2389 [PMID:
17694575 DOI: 10.1002/eji.200737594]
Wieczorek G, Asemissen A, Model F, Turbachova I, Floess S,
Liebenberg V, Baron U, Stauch D, Kotsch K, Pratschke J, Hamann
A, Loddenkemper C, Stein H, Volk HD, Hoffmüller U, Grützkau A,
Mustea A, Huehn J, Scheibenbogen C, Olek S. Quantitative DNA
methylation analysis of FOXP3 as a new method for counting
regulatory T cells in peripheral blood and solid tissue. Cancer Res
2009; 69: 599-608 [PMID: 19147574 DOI: 10.1158/0008-5472.
CAN-08-2361]
Issa F, Wood KJ. CD4+ regulatory T cells in solid organ
transplantation. Curr Opin Organ Transplant 2010; 15: 757-764
[PMID: 20881492 DOI: 10.1097/MOT.0b013e32834017ae]
Lal G, Bromberg JS. Epigenetic mechanisms of regulation of
Foxp3 expression. Blood 2009; 114: 3727-3735 [PMID: 19641188
DOI: 10.1182/blood-2009-05-219584]
Juvet SC, Whatcott AG, Bushell AR, Wood KJ. Harnessing
regulatory T cells for clinical use in transplantation: the end of the
beginning. Am J Transplant 2014; 14: 750-763 [PMID: 24592900
DOI: 10.1111/ajt.12647]
Strom TB, Koulmanda M. Recently discovered T cell subsets
cannot keep their commitments. J Am Soc Nephrol 2009; 20:
1677-1680 [PMID: 19648467 DOI: 10.1681/ASN.2008101027]
Hammerich L, Heymann F, Tacke F. Role of IL-17 and Th17 cells
in liver diseases. Clin Dev Immunol 2011; 2011: 345803 [PMID:
21197451 DOI: 10.1155/2011/345803]
Korn T, Mitsdoerffer M, Croxford AL, Awasthi A, Dardalhon
VA, Galileos G, Vollmar P, Stritesky GL, Kaplan MH, Waisman
A, Kuchroo VK, Oukka M. IL-6 controls Th17 immunity in
vivo by inhibiting the conversion of conventional T cells into
Foxp3+ regulatory T cells. Proc Natl Acad Sci USA 2008; 105:
18460-18465 [PMID: 19015529 DOI: 10.1073/pnas.0809850105]
Weaver CT, Hatton RD. Interplay between the TH17 and TReg
cell lineages: a (co-)evolutionary perspective. Nat Rev Immunol
2009; 9: 883-889 [PMID: 19935807 DOI: 10.1038/nri2660]
Mitchell P, Afzali B, Lombardi G, Lechler RI. The T helper
17-regulatory T cell axis in transplant rejection and tolerance. Curr
Opin Organ Transplant 2009; 14: 326-331 [PMID: 19448538 DOI:

September 14, 2016|Volume 22|Issue 34|

Baroja-Mazo A et al . Biomarkers in liver transplantation tolerance

31
32

33

34

35
36

37

38

39

40

41

42

43

44

10.1097/MOT.0b013e32832ce88e]
Mellor AL, Munn DH. Physiologic control of the functional status
of Foxp3+ regulatory T cells. J Immunol 2011; 186: 4535-4540
[PMID: 21464094 DOI: 10.4049/jimmunol.1002937]
Stumhofer JS, Silver JS, Laurence A, Porrett PM, Harris TH,
Turka LA, Ernst M, Saris CJ, O’Shea JJ, Hunter CA. Interleukins
27 and 6 induce STAT3-mediated T cell production of interleukin
10. Nat Immunol 2007; 8: 1363-1371 [PMID: 17994025 DOI:
10.1038/ni1537]
Sánchez-Fueyo A, Strom TB. Immunologic basis of graft rejection
and tolerance following transplantation of liver or other solid
organs. Gastroenterology 2011; 140: 51-64 [PMID: 21073873
DOI: 10.1053/j.gastro.2010.10.059]
Dummer CD, Carpio VN, Gonçalves LF, Manfro RC, Veronese
FV. FOXP3+ regulatory T cells: from suppression of rejection to
induction of renal allograft tolerance. Transpl Immunol 2012; 26:
1-10 [PMID: 21939765 DOI: 10.1016/j.trim.2011.08.009]
Hippen KL, Riley JL, June CH, Blazar BR. Clinical perspectives for
regulatory T cells in transplantation tolerance. Semin Immunol 2011;
23: 462-468 [PMID: 21820917 DOI: 10.1016/j.smim.2011.07.008]
Ashton-Chess J, Dugast E, Colvin RB, Giral M, Foucher Y,
Moreau A, Renaudin K, Braud C, Devys A, Brouard S, Soulillou
JP. Regulatory, effector, and cytotoxic T cell profiles in long-term
kidney transplant patients. J Am Soc Nephrol 2009; 20: 1113-1122
[PMID: 19357258 DOI: 10.1681/ASN.2008050450]
Bhorade SM, Chen H, Molinero L, Liao C, Garrity ER,
Vigneswaran WT, Shilling R, Sperling A, Chong A, Alegre ML.
Decreased percentage of CD4+FoxP3+ cells in bronchoalveolar
lavage from lung transplant recipients correlates with development
of bronchiolitis obliterans syndrome. Transplantation 2010; 90:
540-546 [PMID: 20628341 DOI: 10.1097/TP.0b013e3181e8dabe]
Braudeau C, Racape M, Giral M, Louis S, Moreau A, Berthelot
L, Heslan M, Ashton-Chess J, Soulillou JP, Brouard S. Variation
in numbers of CD4+CD25highFOXP3+ T cells with normal
immuno-regulatory properties in long-term graft outcome.
Transpl Int 2007; 20: 845-855 [PMID: 17854443 DOI: 10.1111/
j.1432-2277.2007.00537.x]
Iwase H, Kobayashi T, Kodera Y, Miwa Y, Kuzuya T, Iwasaki
K, Haneda M, Katayama A, Takeda A, Morozumi K, Watarai
Y, Uchida K, Nakao A. Clinical significance of regulatory
T-cell-related gene expression in peripheral blood after renal
transplantation. Transplantation 2011; 91: 191-198 [PMID:
21157405 DOI: 10.1097/TP.0b013e3181ffbab4]
Li Y, Zhao X, Cheng D, Haga H, Tsuruyama T, Wood K,
Sakaguchi S, Tanaka K, Uemoto S, Koshiba T. The presence of
Foxp3 expressing T cells within grafts of tolerant human liver
transplant recipients. Transplantation 2008; 86: 1837-1843 [PMID:
19104431 DOI: 10.1097/TP.0b013e31818febc4]
Shan J, Guo Y, Luo L, Lu J, Li C, Zhang C, Huang Y, Feng L,
Wu W, Long D, Li S, Li Y. Do CD4+ Foxp3+ Treg cells correlate
with transplant outcomes: a systematic review on recipients of
solid organ transplantation. Cell Immunol 2011; 270: 5-12 [PMID:
21640985 DOI: 10.1016/j.cellimm.2011.05.006]
Martínez-Llordella M, Lozano JJ, Puig-Pey I, Orlando G, Tisone
G, Lerut J, Benítez C, Pons JA, Parrilla P, Ramírez P, Bruguera
M, Rimola A, Sánchez-Fueyo A. Using transcriptional profiling to
develop a diagnostic test of operational tolerance in liver transplant
recipients. J Clin Invest 2008; 118: 2845-2857 [PMID: 18654667
DOI: 10.1172/JCI35342]
Martínez-Llordella M, Puig-Pey I, Orlando G, Ramoni M,
Tisone G, Rimola A, Lerut J, Latinne D, Margarit C, Bilbao I,
Brouard S, Hernández-Fuentes M, Soulillou JP, Sánchez-Fueyo
A. Multiparameter immune profiling of operational tolerance in
liver transplantation. Am J Transplant 2007; 7: 309-319 [PMID:
17241111 DOI: 10.1111/j.1600-6143.2006.01621.x]
Pons JA, Revilla-Nuin B, Baroja-Mazo A, Ramírez P, MartínezAlarcón L, Sánchez-Bueno F, Robles R, Rios A, Aparicio P,
Parrilla P. FoxP3 in peripheral blood is associated with operational
tolerance in liver transplant patients during immunosuppression
withdrawal. Transplantation 2008; 86: 1370-1378 [PMID:

WJG|www.wjgnet.com

45

46

47

48

49

50
51

52
53

54

55

56

57

58

59
60

7687

19034005 DOI: 10.1097/TP.0b013e318188d3e6]
Chai JG, Xue SA, Coe D, Addey C, Bartok I, Scott D, Simpson
E, Stauss HJ, Hori S, Sakaguchi S, Dyson J. Regulatory T cells,
derived from naïve CD4+CD25- T cells by in vitro Foxp3 gene
transfer, can induce transplantation tolerance. Transplantation
2005; 79: 1310-1316 [PMID: 15912097]
Yong Z, Chang L, Mei YX, Yi L. Role and mechanisms of
CD4+CD25+ regulatory T cells in the induction and maintenance
of transplantation tolerance. Transpl Immunol 2007; 17: 120-129
[PMID: 17306743 DOI: 10.1016/j.trim.2006.09.005]
Nadig SN, Wieckiewicz J, Wu DC, Warnecke G, Zhang W, Luo S,
Schiopu A, Taggart DP, Wood KJ. In vivo prevention of transplant
arteriosclerosis by ex vivo-expanded human regulatory T cells. Nat
Med 2010; 16: 809-813 [PMID: 20473306 DOI: 10.1038/nm.2154]
Daniele N, Scerpa MC, Landi F, Caniglia M, Miele MJ, Locatelli
F, Isacchi G, Zinno F. T(reg) cells: collection, processing, storage
and clinical use. Pathol Res Pract 2011; 207: 209-215 [PMID:
21397410 DOI: 10.1016/j.prp.2011.02.003]
McMurchy AN, Bushell A, Levings MK, Wood KJ. Moving
to tolerance: clinical application of T regulatory cells. Semin
Immunol 2011; 23: 304-313 [PMID: 21620722 DOI: 10.1016/
j.smim.2011.04.001]
Wood KJ. Regulatory T cells in transplantation. Transplant Proc
2011; 43: 2135-2136 [PMID: 21839214 DOI: 10.1016/j.transproce
ed.2011.06.050]
Muller YD, Seebach JD, Bühler LH, Pascual M, Golshayan D.
Transplantation tolerance: Clinical potential of regulatory T cells.
Self Nonself 2011; 2: 26-34 [PMID: 21776332 DOI: 10.4161/
self.2.1.15422]
Riley JL, June CH, Blazar BR. Human T regulatory cell therapy:
take a billion or so and call me in the morning. Immunity 2009; 30:
656-665 [PMID: 19464988 DOI: 10.1016/j.immuni.2009.04.006]
Wekerle T, Kurtz J, Bigenzahn S, Takeuchi Y, Sykes M.
Mechanisms of transplant tolerance induction using costimulatory
blockade. Curr Opin Immunol 2002; 14: 592-600 [PMID:
12183158]
Noris M, Casiraghi F, Todeschini M, Cravedi P, Cugini D,
Monteferrante G, Aiello S, Cassis L, Gotti E, Gaspari F, Cattaneo
D, Perico N, Remuzzi G. Regulatory T cells and T cell depletion:
role of immunosuppressive drugs. J Am Soc Nephrol 2007; 18:
1007-1018 [PMID: 17287424 DOI: 10.1681/ASN.2006101143]
Battaglia M. Potential T regulatory cell therapy in transplantation:
how far have we come and how far can we go? Transpl Int 2010; 23:
761-770 [PMID: 20553440 DOI: 10.1111/j.1432-2277.2010.01127.
x]
Brunstein CG, Miller JS, Cao Q, McKenna DH, Hippen KL,
Curtsinger J, Defor T, Levine BL, June CH, Rubinstein P, McGlave
PB, Blazar BR, Wagner JE. Infusion of ex vivo expanded T
regulatory cells in adults transplanted with umbilical cord blood:
safety profile and detection kinetics. Blood 2011; 117: 1061-1070
[PMID: 20952687 DOI: 10.1182/blood-2010-07-293795]
Di Ianni M, Falzetti F, Carotti A, Terenzi A, Del Papa B, Perruccio
K, Ruggeri L, Sportoletti P, Rosati E, Marconi P, Falini B, Reisner
Y, Velardi A, Aversa F, Martelli MF. Immunoselection and
clinical use of T regulatory cells in HLA-haploidentical stem cell
transplantation. Best Pract Res Clin Haematol 2011; 24: 459-466
[PMID: 21925099 DOI: 10.1016/j.beha.2011.05.005]
Trzonkowski P, Bieniaszewska M, Juścińska J, Dobyszuk A,
Krzystyniak A, Marek N, Myśliwska J, Hellmann A. First-in-man
clinical results of the treatment of patients with graft versus host
disease with human ex vivo expanded CD4+CD25+CD127- T
regulatory cells. Clin Immunol 2009; 133: 22-26 [PMID: 19559653
DOI: 10.1016/j.clim.2009.06.001]
Li XC, Turka LA. An update on regulatory T cells in transplant
tolerance and rejection. Nat Rev Nephrol 2010; 6: 577-583 [PMID:
20683480 DOI: 10.1038/nrneph.2010.101]
Wieckiewicz J, Goto R, Wood KJ. T regulatory cells and
the control of alloimmunity: from characterisation to clinical
application. Curr Opin Immunol 2010; 22: 662-668 [PMID:
20869224 DOI: 10.1016/j.coi.2010.08.011]

September 14, 2016|Volume 22|Issue 34|

Baroja-Mazo A et al . Biomarkers in liver transplantation tolerance
61
62
63

64

65
66
67

68
69
70
71
72

73

74

75

76

77

78

Steinman RM. The dendritic cell system and its role in immuno
genicity. Annu Rev Immunol 1991; 9: 271-296 [PMID: 1910679
DOI: 10.1146/annurev.iy.09.040191.001415]
Lechler R, Ng WF, Steinman RM. Dendritic cells in transplan
tation--friend or foe? Immunity 2001; 14: 357-368 [PMID: 11336681]
Larsen CP, Morris PJ, Austyn JM. Migration of dendritic
leukocytes from cardiac allografts into host spleens. A novel
pathway for initiation of rejection. J Exp Med 1990; 171: 307-314
[PMID: 2404081]
Auchincloss H, Lee R, Shea S, Markowitz JS, Grusby MJ,
Glimcher LH. The role of “indirect” recognition in initiating
rejection of skin grafts from major histocompatibility complex
class II-deficient mice. Proc Natl Acad Sci USA 1993; 90:
3373-3377 [PMID: 8475083]
Lutz MB, Schuler G. Immature, semi-mature and fully mature
dendritic cells: which signals induce tolerance or immunity? Trends
Immunol 2002; 23: 445-449 [PMID: 12200066]
Matzinger P, Guerder S. Does T-cell tolerance require a dedicated
antigen-presenting cell? Nature 1989; 338: 74-76 [PMID: 2783992
DOI: 10.1038/338074a0]
Zöller M. Intrathymic presentation by dendritic cells and macro
phages: their role in selecting T cells with specificity for internal
and external nominal antigen. Immunology 1991; 74: 407-413
[PMID: 1722772]
Steinman RM, Banchereau J. Taking dendritic cells into medicine.
Nature 2007; 449: 419-426 [PMID: 17898760 DOI: 10.1038/
nature06175]
Steinman RM, Hawiger D, Nussenzweig MC. Tolerogenic
dendritic cells. Annu Rev Immunol 2003; 21: 685-711 [PMID:
12615891 DOI: 10.1146/annurev.immunol.21.120601.141040]
Coates PT, Thomson AW. Dendritic cells, tolerance induction and
transplant outcome. Am J Transplant 2002; 2: 299-307 [PMID:
12118850]
van Nierop K, de Groot C. Human follicular dendritic cells:
function, origin and development. Semin Immunol 2002; 14:
251-257 [PMID: 12163300]
Munn DH, Sharma MD, Baban B, Harding HP, Zhang Y, Ron D,
Mellor AL. GCN2 kinase in T cells mediates proliferative arrest
and anergy induction in response to indoleamine 2,3-dioxygenase.
Immunity 2005; 22: 633-642 [PMID: 15894280 DOI: 10.1016/
j.immuni.2005.03.013]
Sharma MD, Hou DY, Liu Y, Koni PA, Metz R, Chandler P,
Mellor AL, He Y, Munn DH. Indoleamine 2,3-dioxygenase controls
conversion of Foxp3+ Tregs to TH17-like cells in tumor-draining
lymph nodes. Blood 2009; 113: 6102-6111 [PMID: 19366986 DOI:
10.1182/blood-2008-12-195354]
Lu L, Bonham CA, Liang X, Chen Z, Li W, Wang L, Watkins SC,
Nalesnik MA, Schlissel MS, Demestris AJ, Fung JJ, Qian S. Liverderived DEC205+B220+CD19- dendritic cells regulate T cell
responses. J Immunol 2001; 166: 7042-7052 [PMID: 11390448]
Lu L, Woo J, Rao AS, Li Y, Watkins SC, Qian S, Starzl TE,
Demetris AJ, Thomson AW. Propagation of dendritic cell
progenitors from normal mouse liver using granulocyte/
macrophage colony-stimulating factor and their maturational
development in the presence of type-1 collagen. J Exp Med 1994;
179: 1823-1834 [PMID: 8195710]
Karsunky H, Merad M, Cozzio A, Weissman IL, Manz MG. Flt3
ligand regulates dendritic cell development from Flt3+ lymphoid
and myeloid-committed progenitors to Flt3+ dendritic cells in vivo.
J Exp Med 2003; 198: 305-313 [PMID: 12874263 DOI: 10.1084/
jem.20030323]
Waskow C, Liu K, Darrasse-Jèze G, Guermonprez P, Ginhoux
F, Merad M, Shengelia T, Yao K, Nussenzweig M. The receptor
tyrosine kinase Flt3 is required for dendritic cell development in
peripheral lymphoid tissues. Nat Immunol 2008; 9: 676-683 [PMID:
18469816 DOI: 10.1038/ni.1615]
Young JW, Szabolcs P, Moore MA. Identification of dendritic cell
colony-forming units among normal human CD34+ bone marrow
progenitors that are expanded by c-kit-ligand and yield pure
dendritic cell colonies in the presence of granulocyte/macrophage

WJG|www.wjgnet.com

79
80

81
82

83

84
85

86

87

88

89
90

91

92

93

7688

colony-stimulating factor and tumor necrosis factor alpha. J Exp
Med 1995; 182: 1111-1119 [PMID: 7561684]
Cella M, Sallusto F, Lanzavecchia A. Origin, maturation and
antigen presenting function of dendritic cells. Curr Opin Immunol
1997; 9: 10-16 [PMID: 9039784]
Lu L, Li W, Zhong C, Qian S, Fung JJ, Thomson AW, Starzl
TE. Increased apoptosis of immunoreactive host cells and
augmented donor leukocyte chimerism, not sustained inhibition
of B7 molecule expression are associated with prolonged cardiac
allograft survival in mice preconditioned with immature donor
dendritic cells plus anti-CD40L mAb. Transplantation 1999; 68:
747-757 [PMID: 10515374]
Süss G, Shortman K. A subclass of dendritic cells kills CD4 T
cells via Fas/Fas-ligand-induced apoptosis. J Exp Med 1996; 183:
1789-1796 [PMID: 8666935]
Tuettenberg A, Huter E, Hubo M, Horn J, Knop J, Grimbacher
B, Kroczek RA, Stoll S, Jonuleit H. The role of ICOS in directing
T cell responses: ICOS-dependent induction of T cell anergy by
tolerogenic dendritic cells. J Immunol 2009; 182: 3349-3356
[PMID: 19265111 DOI: 10.4049/jimmunol.0802733]
Witsch EJ, Peiser M, Hutloff A, Büchner K, Dorner BG, Jonuleit H,
Mages HW, Kroczek RA. ICOS and CD28 reversely regulate IL-10
on re-activation of human effector T cells with mature dendritic
cells. Eur J Immunol 2002; 32: 2680-2686 [PMID: 12207353 DOI:
10.1002/1521-4141(200209)32]
Arpinati M, Green CL, Heimfeld S, Heuser JE, Anasetti C. Granulo
cyte-colony stimulating factor mobilizes T helper 2-inducing
dendritic cells. Blood 2000; 95: 2484-2490 [PMID: 10753825]
Jonuleit H, Schmitt E, Schuler G, Knop J, Enk AH. Induction of
interleukin 10-producing, nonproliferating CD4(+) T cells with
regulatory properties by repetitive stimulation with allogeneic
immature human dendritic cells. J Exp Med 2000; 192: 1213-1222
[PMID: 11067871]
Fallarino F, Grohmann U, You S, McGrath BC, Cavener DR,
Vacca C, Orabona C, Bianchi R, Belladonna ML, Volpi C,
Santamaria P, Fioretti MC, Puccetti P. The combined effects of
tryptophan starvation and tryptophan catabolites down-regulate T
cell receptor zeta-chain and induce a regulatory phenotype in naive
T cells. J Immunol 2006; 176: 6752-6761 [PMID: 16709834]
Sharma MD, Baban B, Chandler P, Hou DY, Singh N, Yagita
H, Azuma M, Blazar BR, Mellor AL, Munn DH. Plasmacytoid
dendritic cells from mouse tumor-draining lymph nodes directly
activate mature Tregs via indoleamine 2,3-dioxygenase. J Clin
Invest 2007; 117: 2570-2582 [PMID: 17710230 DOI: 10.1172/
JCI31911]
Min WP, Zhou D, Ichim TE, Strejan GH, Xia X, Yang J, Huang X,
Garcia B, White D, Dutartre P, Jevnikar AM, Zhong R. Inhibitory
feedback loop between tolerogenic dendritic cells and regulatory
T cells in transplant tolerance. J Immunol 2003; 170: 1304-1312
[PMID: 12538690 DOI: 10.4049/jimmunol.170.3.1304]
Schwartz RH, Mueller DL, Jenkins MK, Quill H. T-cell clonal
anergy. Cold Spring Harb Symp Quant Biol 1989; 54 Pt 2: 605-610
[PMID: 2534840]
Lechmann M, Krooshoop DJ, Dudziak D, Kremmer E, Kuhnt
C, Figdor CG, Schuler G, Steinkasserer A. The extracellular
domain of CD83 inhibits dendritic cell-mediated T cell stimulation
and binds to a ligand on dendritic cells. J Exp Med 2001; 194:
1813-1821 [PMID: 11748282]
Lu L, McCaslin D, Starzl TE, Thomson AW. Bone marrow-derived
dendritic cell progenitors (NLDC 145+, MHC class II+, B7-1dim,
B7-2-) induce alloantigen-specific hyporesponsiveness in murine
T lymphocytes. Transplantation 1995; 60: 1539-1545 [PMID:
8545887]
Lutz MB, Kukutsch NA, Menges M, Rössner S, Schuler G.
Culture of bone marrow cells in GM-CSF plus high doses of
lipopolysaccharide generates exclusively immature dendritic cells
which induce alloantigen-specific CD4 T cell anergy in vitro. Eur J
Immunol 2000; 30: 1048-1052 [PMID: 10760792 DOI: 10.1002/(SI
CI)1521-4141(200004)30:4<1048::AID-IMMU1048>3.0.CO;2-W]
Brown JA, Dorfman DM, Ma FR, Sullivan EL, Munoz O, Wood

September 14, 2016|Volume 22|Issue 34|

Baroja-Mazo A et al . Biomarkers in liver transplantation tolerance

94

95

96

97
98

99

100

101

102

103

104
105

106
107

CR, Greenfield EA, Freeman GJ. Blockade of programmed death-1
ligands on dendritic cells enhances T cell activation and cytokine
production. J Immunol 2003; 170: 1257-1266 [PMID: 12538684]
Selenko-Gebauer N, Majdic O, Szekeres A, Höfler G, Guthann
E, Korthäuer U, Zlabinger G, Steinberger P, Pickl WF, Stockinger
H, Knapp W, Stöckl J. B7-H1 (programmed death-1 ligand) on
dendritic cells is involved in the induction and maintenance of T
cell anergy. J Immunol 2003; 170: 3637-3644 [PMID: 12646628
DOI: 10.4049/jimmunol.170.7.3637]
Bonham CA, Peng L, Liang X, Chen Z, Wang L, Ma L, Hackstein
H, Robbins PD, Thomson AW, Fung JJ, Qian S, Lu L. Marked
prolongation of cardiac allograft survival by dendritic cells
genetically engineered with NF-kappa B oligodeoxyribonucleotide
decoys and adenoviral vectors encoding CTLA4-Ig. J Immunol
2002; 169: 3382-3391 [PMID: 12218160]
Chauveau C, Rémy S, Royer PJ, Hill M, Tanguy-Royer S, Hubert
FX, Tesson L, Brion R, Beriou G, Gregoire M, Josien R, Cuturi
MC, Anegon I. Heme oxygenase-1 expression inhibits dendritic
cell maturation and proinflammatory function but conserves IL-10
expression. Blood 2005; 106: 1694-1702 [PMID: 15920011 DOI:
10.1182/blood-2005-02-0494]
Morse D, Choi AM. Heme oxygenase-1: the “emerging molecule”
has arrived. Am J Respir Cell Mol Biol 2002; 27: 8-16 [PMID:
12091240 DOI: 10.1165/ajrcmb.27.1.4862]
Lan YY, Wang Z, Raimondi G, Wu W, Colvin BL, de Creus
A, Thomson AW. “Alternatively activated” dendritic cells
preferentially secrete IL-10, expand Foxp3+CD4+ T cells, and
induce long-term organ allograft survival in combination with
CTLA4-Ig. J Immunol 2006; 177: 5868-5877 [PMID: 17056511]
Turnquist HR, Raimondi G, Zahorchak AF, Fischer RT, Wang
Z, Thomson AW. Rapamycin-conditioned dendritic cells are poor
stimulators of allogeneic CD4+ T cells, but enrich for antigenspecific Foxp3+ T regulatory cells and promote organ transplant
tolerance. J Immunol 2007; 178: 7018-7031 [PMID: 17513751]
Gorczynski RM, Bransom J, Cattral M, Huang X, Lei J, Xiaorong
L, Min WP, Wan Y, Gauldie J. Synergy in induction of increased
renal allograft survival after portal vein infusion of dendritic
cells transduced to express TGFbeta and IL-10, along with
administration of CHO cells expressing the regulatory molecule
OX-2. Clin Immunol 2000; 95: 182-189 [PMID: 10866124 DOI:
10.1006/clim.2000.4860]
Tiao MM, Lu L, Tao R, Wang L, Fung JJ, Qian S. Prolongation of
cardiac allograft survival by systemic administration of immature
recipient dendritic cells deficient in NF-kappaB activity. Ann Surg
2005; 241: 497-505 [PMID: 15729074]
Chen LC, Delgado JC, Jensen PE, Chen X. Direct expansion of
human allospecific FoxP3+CD4+ regulatory T cells with allogeneic
B cells for therapeutic application. J Immunol 2009; 183:
4094-4102 [PMID: 19684083 DOI: 10.4049/jimmunol.0901081]
Reichardt P, Dornbach B, Rong S, Beissert S, Gueler F, Loser K,
Gunzer M. Naive B cells generate regulatory T cells in the presence
of a mature immunologic synapse. Blood 2007; 110: 1519-1529
[PMID: 17392507 DOI: 10.1182/blood-2006-10-053793]
Mizoguchi A, Bhan AK. A case for regulatory B cells. J Immunol
2006; 176: 705-710 [PMID: 16393950]
Sagoo P, Perucha E, Sawitzki B, Tomiuk S, Stephens DA, Miqueu
P, Chapman S, Craciun L, Sergeant R, Brouard S, Rovis F, Jimenez
E, Ballow A, Giral M, Rebollo-Mesa I, Le Moine A, Braudeau
C, Hilton R, Gerstmayer B, Bourcier K, Sharif A, Krajewska M,
Lord GM, Roberts I, Goldman M, Wood KJ, Newell K, SeyfertMargolis V, Warrens AN, Janssen U, Volk HD, Soulillou JP,
Hernandez-Fuentes MP, Lechler RI. Development of a crossplatform biomarker signature to detect renal transplant tolerance
in humans. J Clin Invest 2010; 120: 1848-1861 [PMID: 20501943
DOI: 10.1172/JCI39922]
Li XC. The significance of non-T-cell pathways in graft rejection:
implications for transplant tolerance. Transplantation 2010; 90:
1043-1047 [PMID: 20686444 DOI: 10.1097/TP.0b013e3181efcfe9]
Brem-Exner BG, Sattler C, Hutchinson JA, Koehl GE,
Kronenberg K, Farkas S, Inoue S, Blank C, Knechtle SJ, Schlitt

WJG|www.wjgnet.com

108

109

110

111

112

113
114

115

116

117
118
119
120

121

122

123

124

7689

HJ, Fändrich F, Geissler EK. Macrophages driven to a novel state
of activation have anti-inflammatory properties in mice. J Immunol
2008; 180: 335-349 [PMID: 18097035]
Yu G, Xu X, Vu MD, Kilpatrick ED, Li XC. NK cells promote
transplant tolerance by killing donor antigen-presenting cells. J
Exp Med 2006; 203: 1851-1858 [PMID: 16864660 DOI: 10.1084/
jem.20060603]
Deniz G, Erten G, Kücüksezer UC, Kocacik D, Karagiannidis
C, Aktas E, Akdis CA, Akdis M. Regulatory NK cells suppress
antigen-specific T cell responses. J Immunol 2008; 180: 850-857
[PMID: 18178824]
Kroemer A, Edtinger K, Li XC. The innate natural killer cells
in transplant rejection and tolerance induction. Curr Opin Organ
Transplant 2008; 13: 339-343 [PMID: 18685327 DOI: 10.1097/
MOT.0b013e3283061115]
Knops N, Levtchenko E, van den Heuvel B, Kuypers D. From gut
to kidney: transporting and metabolizing calcineurin-inhibitors in
solid organ transplantation. Int J Pharm 2013; 452: 14-35 [PMID:
23711732 DOI: 10.1016/j.ijpharm.2013.05.033]
Ojo AO, Held PJ, Port FK, Wolfe RA, Leichtman AB, Young EW,
Arndorfer J, Christensen L, Merion RM. Chronic renal failure
after transplantation of a nonrenal organ. N Engl J Med 2003; 349:
931-940 [PMID: 12954741 DOI: 10.1056/NEJMoa021744]
Gijtenbeek JM, van den Bent MJ, Vecht CJ. Cyclosporine neuro
toxicity: a review. J Neurol 1999; 246: 339-346 [PMID: 10399863]
Tjon AS, Sint Nicolaas J, Kwekkeboom J, de Man RA, Kazemier G,
Tilanus HW, Hansen BE, van der Laan LJ, Tha-In T, Metselaar HJ.
Increased incidence of early de novo cancer in liver graft recipients
treated with cyclosporine: an association with C2 monitoring and
recipient age. Liver Transpl 2010; 16: 837-846 [PMID: 20583092
DOI: 10.1002/lt.22064]
Subramanian S, Trence DL. Immunosuppressive agents: effects
on glucose and lipid metabolism. Endocrinol Metab Clin North
Am 2007; 36: 891-905; vii [PMID: 17983927 DOI: 10.1016/
j.ecl.2007.07.003]
Bianchi G, Marchesini G, Marzocchi R, Pinna AD, Zoli M.
Metabolic syndrome in liver transplantation: relation to etiology
and immunosuppression. Liver Transpl 2008; 14: 1648-1654
[PMID: 18975273 DOI: 10.1002/lt.21588]
Wiesner RH, Fung JJ. Present state of immunosuppressive therapy
in liver transplant recipients. Liver Transpl 2011; 17 Suppl 3:
S1-S9 [PMID: 21850697 DOI: 10.1002/lt.22410]
Laplante M, Sabatini DM. mTOR signaling in growth control and
disease. Cell 2012; 149: 274-293 [PMID: 22500797 DOI: 10.1016/
j.cell.2012.03.017]
Mondino A, Mueller DL. mTOR at the crossroads of T cell
proliferation and tolerance. Semin Immunol 2007; 19: 162-172
[PMID: 17383196 DOI: 10.1016/j.smim.2007.02.008]
Powell JD, Lerner CG, Schwartz RH. Inhibition of cell cycle
progression by rapamycin induces T cell clonal anergy even in
the presence of costimulation. J Immunol 1999; 162: 2775-2784
[PMID: 10072524]
Allen A, Zheng Y, Gardner L, Safford M, Horton MR, Powell
JD. The novel cyclophilin binding compound, sanglifehrin A,
disassociates G1 cell cycle arrest from tolerance induction. J
Immunol 2004; 172: 4797-4803 [PMID: 15067056 DOI: 10.4049/
jimmunol.172.8.4797]
Hackstein H, Taner T, Logar AJ, Thomson AW. Rapamycin
inhibits macropinocytosis and mannose receptor-mediated
endocytosis by bone marrow-derived dendritic cells. Blood 2002;
100: 1084-1087 [PMID: 12130531]
Taner T, Hackstein H, Wang Z, Morelli AE, Thomson AW.
Rapamycin-treated, alloantigen-pulsed host dendritic cells induce
ag-specific T cell regulation and prolong graft survival. Am J
Transplant 2005; 5: 228-236 [PMID: 15643982 DOI: 10.1046/
j.1600-6143.2004.00673.x]
Steinman RM, Nussenzweig MC. Avoiding horror autotoxicus:
the importance of dendritic cells in peripheral T cell tolerance.
Proc Natl Acad Sci USA 2002; 99: 351-358 [PMID: 11773639
DOI: 10.1073/pnas.231606698]

September 14, 2016|Volume 22|Issue 34|

Baroja-Mazo A et al . Biomarkers in liver transplantation tolerance
125 Bensinger SJ, Walsh PT, Zhang J, Carroll M, Parsons R, Rathmell
JC, Thompson CB, Burchill MA, Farrar MA, Turka LA. Distinct
IL-2 receptor signaling pattern in CD4+CD25+ regulatory T cells.
J Immunol 2004; 172: 5287-5296 [PMID: 15100267]
126 Strauss L, Czystowska M, Szajnik M, Mandapathil M, Whiteside
TL. Differential responses of human regulatory T cells (Treg) and
effector T cells to rapamycin. PLoS One 2009; 4: e5994 [PMID:
19543393 DOI: 10.1371/journal.pone.0005994]
127 Akimova T, Kamath BM, Goebel JW, Meyers KE, Rand EB,
Hawkins A, Levine MH, Bucuvalas JC, Hancock WW. Differing
effects of rapamycin or calcineurin inhibitor on T-regulatory
cells in pediatric liver and kidney transplant recipients. Am J
Transplant 2012; 12: 3449-3461 [PMID: 22994804 DOI: 10.1111/
j.1600-6143.2012.04269.x]
128 Roat E, De Biasi S, Bertoncelli L, Rompianesi G, Nasi M,
Gibellini L, Pinti M, Del Giovane C, Zanella A, Di Benedetto
F, Gerunda GE, Cossarizza A. Immunological advantages of
everolimus versus cyclosporin A in liver-transplanted recipients, as
revealed by polychromatic flow cytometry. Cytometry A 2012; 81:
303-311 [PMID: 22311717 DOI: 10.1002/cyto.a.22019]
129 Wang GY, Yang Y, Li H, Zhang J, Li MR, Zhang Q, Chen GH.
Rapamycin combined with donor immature dendritic cells promotes
liver allograft survival in association with CD4(+) CD25(+)
Foxp3(+) regulatory T cell expansion. Hepatol Res 2012; 42:
192-202 [PMID: 22103959 DOI: 10.1111/j.1872-034X.2011.00909.
x]
130 Wang X, Wang W, Xu J, Hong J, Le Q. Pretreatment of rapamycin
before allogenic corneal transplant promotes graft survival through
increasing CD4(+)CD25(+)Foxp3(+) regulatory T cells. Exp Clin
Transplant 2013; 11: 56-62 [PMID: 22769982 DOI: 10.6002/
ect.2012.0025]
131 Araki K, Turner AP, Shaffer VO, Gangappa S, Keller SA,
Bachmann MF, Larsen CP, Ahmed R. mTOR regulates memory
CD8 T-cell differentiation. Nature 2009; 460: 108-112 [PMID:
19543266 DOI: 10.1038/nature08155]
132 Whitehouse GP, Sanchez-Fueyo A. Immunosuppression
withdrawal following liver transplantation. Clin Res Hepatol
Gastroenterol 2014; 38: 676-680 [PMID: 25281267 DOI: 10.1016/
j.clinre.2014.06.011]
133 Li Y, Koshiba T, Yoshizawa A, Yonekawa Y, Masuda K, Ito A,
Ueda M, Mori T, Kawamoto H, Tanaka Y, Sakaguchi S, Minato N,
Wood KJ, Tanaka K. Analyses of peripheral blood mononuclear
cells in operational tolerance after pediatric living donor liver
transplantation. Am J Transplant 2004; 4: 2118-2125 [PMID:
15575917 DOI: 10.1111/j.1600-6143.2004.00611.x]
134 Mazariegos GV, Zahorchak AF, Reyes J, Ostrowski L, Flynn B,
Zeevi A, Thomson AW. Dendritic cell subset ratio in peripheral
blood correlates with successful withdrawal of immunosuppression
in liver transplant patients. Am J Transplant 2003; 3: 689-696
[PMID: 12780560]
135 Jiang S, Lechler RI. Regulatory T cells in the control of transplan
tation tolerance and autoimmunity. Am J Transplant 2003; 3:
516-524 [PMID: 12752307]
136 Taubert R, Danger R, Londoño MC, Christakoudi S, MartinezPicola M, Rimola A, Manns MP, Sánchez-Fueyo A, Jaeckel E.
Hepatic Infiltrates in Operational Tolerant Patients After Liver
Transplantation Show Enrichment of Regulatory T Cells Before
Proinflammatory Genes Are Downregulated. Am J Transplant
2016; 16: 1285-1293 [PMID: 26603835 DOI: 10.1111/ajt.13617]
137 Chesneau M, Michel L, Dugast E, Chenouard A, Baron D, Pallier
A, Durand J, Braza F, Guerif P, Laplaud DA, Soulillou JP, Giral M,
Degauque N, Chiffoleau E, Brouard S. Tolerant Kidney Transplant
Patients Produce B Cells with Regulatory Properties. J Am Soc
Nephrol 2015; 26: 2588-2598 [PMID: 25644114 DOI: 10.1681/
ASN.2014040404]
138 Newell KA, Asare A, Sanz I, Wei C, Rosenberg A, Gao Z,
Kanaparthi S, Asare S, Lim N, Stahly M, Howell M, Knechtle S,
Kirk A, Marks WH, Kawai T, Spitzer T, Tolkoff-Rubin N, Sykes M,
Sachs DH, Cosimi AB, Burlingham WJ, Phippard D, Turka LA.
Longitudinal studies of a B cell-derived signature of tolerance in

WJG|www.wjgnet.com

139

140

141

142

143

144

145

146

147

148

149

150

7690

renal transplant recipients. Am J Transplant 2015; 15: 2908-2920
[PMID: 26461968 DOI: 10.1111/ajt.13480]
Mastoridis S, Martínez-Llordella M, Sanchez-Fueyo A. Biomar
kers and immunopathology of tolerance. Curr Opin Organ
Transplant 2016; 21: 81-87 [PMID: 26709578 DOI: 10.1097/
MOT.0000000000000269]
Bohne F, Martínez-Llordella M, Lozano JJ, Miquel R, Benítez C,
Londoño MC, Manzia TM, Angelico R, Swinkels DW, Tjalsma
H, López M, Abraldes JG, Bonaccorsi-Riani E, Jaeckel E, Taubert
R, Pirenne J, Rimola A, Tisone G, Sánchez-Fueyo A. Intra-graft
expression of genes involved in iron homeostasis predicts the
development of operational tolerance in human liver transplantation.
J Clin Invest 2012; 122: 368-382 [PMID: 22156196 DOI: 10.1172/
JCI59411]
Vitalone MJ, Wei L, Fujiki M, Lau AH, Littau E, Esquivel C,
Martinez OM, Krams SM. Liver microRNA Profile of Induced
Allograft Tolerance. Transplantation 2016; 100: 781-790 [PMID:
26950716 DOI: 10.1097/TP.0000000000001105]
Brunet M, Shipkova M, van Gelder T, Wieland E, Sommerer
C, Budde K, Haufroid V, Christians U, López-Hoyos M, Barten
MJ, Bergan S, Picard N, Millán López O, Marquet P, Hesselink
DA, Noceti O, Pawinski T, Wallemacq P, Oellerich M. Barcelona
Consensus on Biomarker-Based Immunosuppressive Drugs
Management in Solid Organ Transplantation. Ther Drug Monit
2016; 38 Suppl 1: S1-S20 [PMID: 26977997 DOI: 10.1097/
FTD.0000000000000287]
Starzl TE, Demetris AJ, Trucco M, Murase N, Ricordi C, Ildstad
S, Ramos H, Todo S, Tzakis A, Fung JJ. Cell migration and
chimerism after whole-organ transplantation: the basis of graft
acceptance. Hepatology 1993; 17: 1127-1152 [PMID: 8514264
DOI: 10.1002/hep.1840170629]
Mazariegos GV, Reyes J, Marino IR, Demetris AJ, Flynn B,
Irish W, McMichael J, Fung JJ, Starzl TE. Weaning of immuno
suppression in liver transplant recipients. Transplantation 1997;
63: 243-249 [PMID: 9020325]
Benítez C, Londoño MC, Miquel R, Manzia TM, Abraldes JG,
Lozano JJ, Martínez-Llordella M, López M, Angelico R, Bohne
F, Sese P, Daoud F, Larcier P, Roelen DL, Claas F, Whitehouse
G, Lerut J, Pirenne J, Rimola A, Tisone G, Sánchez-Fueyo A.
Prospective multicenter clinical trial of immunosuppressive drug
withdrawal in stable adult liver transplant recipients. Hepatology
2013; 58: 1824-1835 [PMID: 23532679 DOI: 10.1002/hep.26426]
Orlando G, Manzia T, Baiocchi L, Sanchez-Fueyo A, Angelico
M, Tisone G. The Tor Vergata weaning off immunosuppression
protocol in stable HCV liver transplant patients: the updated
follow up at 78 months. Transpl Immunol 2008; 20: 43-47 [PMID:
18773958 DOI: 10.1016/j.trim.2008.08.007]
Feng S, Ekong UD, Lobritto SJ, Demetris AJ, Roberts JP,
Rosenthal P, Alonso EM, Philogene MC, Ikle D, Poole KM,
Bridges ND, Turka LA, Tchao NK. Complete immunosuppression
withdrawal and subsequent allograft function among pediatric
recipients of parental living donor liver transplants. JAMA 2012;
307: 283-293 [PMID: 22253395 DOI: 10.1001/jama.2011.2014]
Pons JA, Ramírez P, Revilla-Nuin B, Pascual D, BarojaMazo A, Robles R, Sanchez-Bueno F, Martinez L, Parrilla P.
Immunosuppression withdrawal improves long-term metabolic
parameters, cardiovascular risk factors and renal function in liver
transplant patients. Clin Transplant 2009; 23: 329-336 [PMID:
19210687 DOI: 10.1111/j.1399-0012.2008.00944.x]
Yoshitomi M, Koshiba T, Haga H, Li Y, Zhao X, Cheng D,
Miyagawa A, Sakashita H, Tsuruyama T, Ohe H, Ueda M,
Okamoto S, Egawa H, Wood K, Sakaguchi S, Manabe T, Tanaka
K, Uemoto S. Requirement of protocol biopsy before and after
complete cessation of immunosuppression after liver transplantation.
Transplantation 2009; 87: 606-614 [PMID: 19307800 DOI:
10.1097/TP.0b013e318195a7cb]
Mazariegos GV, Zahorchak AF, Reyes J, Chapman H, Zeevi
A, Thomson AW. Dendritic cell subset ratio in tolerant, weaning
and non-tolerant liver recipients is not affected by extent of
immunosuppression. Am J Transplant 2005; 5: 314-322 [PMID:

September 14, 2016|Volume 22|Issue 34|

Baroja-Mazo A et al . Biomarkers in liver transplantation tolerance
15643991 DOI: 10.1111/j.1600-6143.2004.00672.x]
151 Gupta A, Kumar CA, Ningappa M, Sun Q, Higgs BW, Snyder
S, Zeevi A, Thomson AW, Mazariegos GV, Sindhi R. Elevated
myeloid: plasmacytoid dendritic cell ratio associates with late, but
not early, liver rejection in children induced with rabbit anti-human
thymocyte globulin. Transplantation 2009; 88: 589-594 [PMID:
19696644 DOI: 10.1097/TP.0b013e3181b11f12]
152 Tokita D, Mazariegos GV, Zahorchak AF, Chien N, Abe
M, Raimondi G, Thomson AW. High PD-L1/CD86 ratio on
plasmacytoid dendritic cells correlates with elevated T-regulatory
cells in liver transplant tolerance. Transplantation 2008; 85:
369-377 [PMID: 18301333 DOI: 10.1097/TP.0b013e3181612ded]
153 Castellaneta A, Mazariegos GV, Nayyar N, Zeevi A, Thomson
AW. HLA-G level on monocytoid dendritic cells correlates with
regulatory T-cell Foxp3 expression in liver transplant tolerance.
Transplantation 2011; 91: 1132-1140 [PMID: 21423069 DOI:
10.1097/TP.0b013e31821414c9]
154 García de la Garza R, Sarobe P, Merino J, Lasarte JJ, D’Avola
D, Belsue V, Delgado JA, Silva L, Iñarrairaegui M, Sangro B,
Sola I, Pardo F, Quiroga J, Ignacio Herrero J. Immune monitoring
of immunosuppression withdrawal of liver transplant recipients.
Transpl Immunol 2015; 33: 110-116 [PMID: 26225458 DOI:
10.1016/j.trim.2015.07.006]
155 Ashokkumar C, Talukdar A, Sun Q, Higgs BW, Janosky J,
Wilson P, Mazariegos G, Jaffe R, Demetris A, Dobberstein J,
Soltys K, Bond G, Thomson AW, Zeevi A, Sindhi R. Allospecific
CD154+ T cells associate with rejection risk after pediatric
liver transplantation. Am J Transplant 2009; 9: 179-191 [PMID:
18976293 DOI: 10.1111/j.1600-6143.2008.02459.x]
156 Baştürk B, Karakayali F, Emiroğlu R, Sözer O, Haberal A, Bal
D, Haberal M. Human leukocyte antigen-G, a new parameter in
the follow-up of liver transplantation. Transplant Proc 2006; 38:
571-574 [PMID: 16549178 DOI: 10.1016/j.transproceed.2005.12.1
08]
157 Zarkhin V, Talisetti A, Li L, Wozniak LJ, McDiarmid SV, Cox K,

158

159

160

161

162
163

Esquivel C, Sarwal MM. Expression of soluble HLA-G identifies
favorable outcomes in liver transplant recipients. Transplantation
2010; 90: 1000-1005 [PMID: 20814356 DOI: 10.1097/
TP.0b013e3181f546af]
de la Garza RG, Sarobe P, Merino J, Lasarte JJ, D’Avola D,
Belsue V, Delgado JA, Silva L, Iñarrairaegui M, Sangro B, Sola
JJ, Pardo F, Quiroga J, Herrero JI. Trial of complete weaning
from immunosuppression for liver transplant recipients: factors
predictive of tolerance. Liver Transpl 2013; 19: 937-944 [PMID:
23784747 DOI: 10.1002/lt.23686]
Mazariegos GV, Reyes J, Webber SA, Thomson AW, Ostrowski
L, Abmed M, Pillage G, Martell J, Awad MR, Zeevi A. Cytokine
gene polymorphisms in children successfully withdrawn from
immunosuppression after liver transplantation. Transplantation
2002; 73: 1342-1345 [PMID: 11981433]
Li L, Wozniak LJ, Rodder S, Heish S, Talisetti A, Wang Q,
Esquivel C, Cox K, Chen R, McDiarmid SV, Sarwal MM. A
common peripheral blood gene set for diagnosis of operational
tolerance in pediatric and adult liver transplantation. Am J
Transplant 2012; 12: 1218-1228 [PMID: 22300520 DOI: 10.1111/
j.1600-6143.2011.03928.x]
Takatsuki M, Uemoto S, Inomata Y, Egawa H, Kiuchi T, Fujita
S, Hayashi M, Kanematsu T, Tanaka K. Weaning of immuno
suppression in living donor liver transplant recipients. Transplan
tation 2001; 72: 449-454 [PMID: 11502975]
Eason JD, Cohen AJ, Nair S, Alcantera T, Loss GE. Tolerance: is
it worth the risk? Transplantation 2005; 79: 1157-1159 [PMID:
15880061]
Tryphonopoulos P, Tzakis AG, Weppler D, Garcia-Morales R,
Kato T, Madariaga JR, Levi DM, Nishida S, Moon J, Selvaggi G,
Regev A, Nery C, Bejarano P, Khaled A, Kleiner G, Esquenazi
V, Miller J, Ruiz P, Ricordi C. The role of donor bone marrow
infusions in withdrawal of immunosuppression in adult liver
allotransplantation. Am J Transplant 2005; 5: 608-613 [PMID:
15707417 DOI: 10.1111/j.1600-6143.2004.00743.x]

P- Reviewer: Hryniewiecka E, Otte JB

WJG|www.wjgnet.com

7691

S- Editor: Yu J L- Editor: A
E- Editor: Ma S

September 14, 2016|Volume 22|Issue 34|

World J Gastroenterol 2016 September 14; 22(34): 7692-7707
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.i34.7692

© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Pathophysiology of colorectal peritoneal carcinomatosis:
Role of the peritoneum
Lieselotte Lemoine, Paul Sugarbaker, Kurt Van der Speeten
Lieselotte Lemoine, Kurt Van der Speeten, Department of
Medicine and Life Sciences, Hasselt University, 3500 Hasselt,
Belgium

Received: April 26, 2016
Peer-review started: April 28, 2016
First decision: June 20, 2016
Revised: June 28, 2016
Accepted: July 31, 2016
Article in press: August 1, 2016
Published online: September 14, 2016

Lieselotte Lemoine, Kurt Van der Speeten, Department
of Surgical Oncology, Ziekenhuis Oost-Limburg, 3600 Genk,
Belgium
Paul Sugarbaker, Washington Cancer Institute, Washington
Hospital Center, Washington DC 20010, United States

Abstract

Author contributions: Lemoine L, Sugarbaker P and Van
der Speeten K equally contributed to this work; Lemoine L,
Sugarbaker P and Van der Speeten K performed the literature
review and analysis, drafting, critical revision, editing and final
approval of the definitive version.

Colorectal cancer (CRC) is the third most common
cancer and the fourth most common cause of cancerrelated death worldwide. Besides the lymphatic
and haematogenous routes of dissemination, CRC
frequently gives rise to transcoelomic spread of tumor
cells in the peritoneal cavity, which ultimately leads to
peritoneal carcinomatosis (PC). PC is associated with a
poor prognosis and bad quality of life for these patients
in their terminal stages of disease. A loco-regional
treatment modality for PC combining cytoreductive
surgery and hyperthermic intraperitoneal peroperative
chemotherapy has resulted in promising clinical results.
However, this novel approach is associated with
significant morbidity and mortality. A comprehensive
understanding of the molecular events involved in
peritoneal disease spread is paramount in avoiding
unnecessary toxicity. The emergence of PC is the result
of a molecular crosstalk between cancer cells and
host elements, involving several well-defined steps,
together known as the peritoneal metastatic cascade.
Individual or clumps of tumor cells detach from the
primary tumor, gain access to the peritoneal cavity and
become susceptible to the regular peritoneal transport.
They attach to the distant peritoneum, subsequently
invade the subperitoneal space, where angiogenesis
sustains proliferation and enables further metastatic
growth. These molecular events are not isolated events
but rather a continuous and interdependent process. In
this manuscript, we review current data regarding the
molecular mechanisms underlying the development of
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colorectal PC, with a special focus on the peritoneum
and the role of the surgeon in peritoneal disease
spread.

County in Sweden, 4.3% of 11124 CRC patients were
diagnosed with synchronous PC and 4% with meta
[12]
chronous PC . In the synchronous group, more than
50% of patients presented with peritoneal metastases
as the only site of tumor dissemination.
In the past, oncologists and surgeons assumed
PC was identical to distant metastases and as such,
regarded it as an incurable component of intra-ab
dominal malignancy only open to palliative treatment
options. Systemic chemotherapy in patients with
PC resulted in no long-term survival with a median
overall survival of 15.2 mo and poor quality of life of
[13,14]
these patients in their terminal stages of disease
.
A new loco-regional treatment modality combining
cytoreductive surgery (CRS) and hyperthermic
intraperitoneal peroperative chemotherapy (HIPEC)
has demonstrated promising clinical results in patients
with colorectal PC. In this setting, CRS aims to remove
all macroscopic tumor through standardized perito
nectomy procedures and multivisceral resections,
whereas the subsequent intraoperative chemotherapy
[15]
seeks to eliminate all residual microscopic tumor .
This novel approach has demonstrated encouraging
[16-18]
clinical results in several phase Ⅱ and Ⅲ trials
.
However, CRS and HIPEC are associated with a
significant morbidity (grade Ⅲ-Ⅳ complications) of
[19,20]
approximately 34% and a 30-d mortality of 4%
.
Therefore, careful patient selection is paramount
[21-23]
to avoid unnecessary toxicity
. The aim of this
manuscript is to review current data regarding the
molecular mechanisms underlying the development of
colorectal PC, with a special focus on the peritoneum.

Key words: Peritoneal carcinomatosis; Pathophysiology;
Peritoneal metastatic cascade; Cytoreductive surgery;
Peritoneum; Hyperthermic intraperitoneal peroperative
chemotherapy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colorectal peritoneal carcinomatosis (PC)
is associated with poor prognosis and bad quality of
life for patients in their terminal stages of disease.
A loco-regional treatment, combining cytoreductive
surgery and hyperthermic intraperitoneal peroperative
chemotherapy, is associated with significant mor
bidity and mortality. Therefore, a comprehensive
understanding of the molecular events involved in
peritoneal disease spread and subsequent careful
patient selection is paramount to avoid unnecessary
toxicity. This manuscript highlights current data
regarding the molecular mechanisms underlying the
development of colorectal PC with a special focus
on the peritoneum and the role of the surgeon in
peritoneal disease spread.
Lemoine L, Sugarbaker P, Van der Speeten K. Pathophysiology
of colorectal peritoneal carcinomatosis: Role of the peritoneum.
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THE PERITONEUM AS THE FIRST LINE
OF DEFENCE IN PC

INTRODUCTION

The peritoneum is the largest and most complex
[24]
serous membrane of the human body . The visceral
peritoneum, covering the intra-abdominal organs
and mesenteries, forms a continuous layer with the
parietal peritoneum, which lines the abdominal wall
[24]
and pelvic cavities . It is composed of a monolayer of
mesothelial cells supported by a basement membrane
that rests on a layer of connective tissue, also referred
[25]
to as the submesothelium (Figure 1) .
The mesothelium consists of a monolayer of either
flattened, stretched, squamous-like or cuboidal meso
thelial cells. The latter can be found in various areas
including the liver, the spleen, the “milky spots” of the
omentum and the peritoneal side of the diaphragm
overlying the lymphatic lacunae (cfr. Attachment to
[26-28]
distant peritoneum)
. Cuboidal mesothelial cells
are also observed within an injured mesothelium.
Both squamous and cuboidal mesothelial cells can
be distinguished by their ultrastructural differences.
Squamous-like mesothelial cells contain few
mitochondria, a poorly developed Golgi apparatus
and little rough endoplasmatic reticulum (RER),

Colorectal cancer (CRC) is the third most common
cancer and the fourth most common cause of cancer[1,2]
related death worldwide . Besides the lymphatic
and haematogenous routes of dissemination, CRC
frequently gives rise to the transcoelomic spread of
tumor cells in the peritoneal cavity, which ultimately
[3]
leads to peritoneal carcinomatosis (PC) . Colorectal
PC is associated with a poor prognosis and bad quality
of life for these patients in their terminal stages of
[4-6]
disease
. Recent genomic profiling studies have
demonstrated distinct gene expression patterns,
determining CRC spreading to either the liver, the
[7,8]
peritoneum or both .
The precise incidence of PC is unknown due to the
low sensitivity of preoperative imaging techniques (CT,
MRI, PET, PET/CT) and heterogeneity of published
[9,10]
methods and findings
. Using a database of 3019
[11]
CRC patients, Jayne et al
reported that 8% of
these patients presented with synchronous PC and
5% presented with metachronous disease. In a
recent population-based cohort study from Stockholm
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Figure 1 Structure of the peritoneum. The peritoneum is composed of a mesothelium supported by a basement membrane that rests on a layer of submesothelium.
The mesothelium consists of a monolayer of either flattened, stretch, squamous-like or cuboidal mesothelial cells. The luminal surface of mesothelial cells has
numerous microvilli varying in shape, size and density. Cilia have also been identified on the surface of resting mesothelial cells. The basement membrane consists of
a thin laminar network containing type Ⅰ and Ⅳ collagen, proteoglycans and glycoproteins. The submesothelium consists of a complex network of extracellular matrix
made up of different types of collagen, glycoproteins, glycosaminoglycans and proteoglycans. Blood vessels, lymphatics, and various cells types (fibroblasts, resident
tissue macrophages, and mast cells) are also found is this layer. ECM: Extracellular matrix.

which are located centrally near the round or oval
[29]
nucleus . Cuboidal mesothelial cells contain a central
prominent nucleolus, abundant mitochondria and RER,
a well developed Golgi apparatus, microtubules and
[30]
microfilaments . The luminal surface of mesothelial
cells has numerous microvilli varying in shape, size and
density; increasing the functional mesothelial surface
[31]
area . Cilia have also been identified on the surface of
[32]
resting mesothelial cells . The mesothelium functions
as a dynamic layer that contributes substantially to the
structural, functional, and homeostatic properties of the
[29]
peritoneum . The underlying basement membrane,
a thin laminar network containing type Ⅰ and Ⅳ
collagen, proteoglycans and glycoproteins, acts as
a selective barrier to macromolecules entering the
[29]
submesothelial layer . The submesothelium consists
of a complex network of extracellular matrix (ECM)
made up of different types of collagen, glycoproteins,
glycosaminoglycans and proteoglycans. Blood vessels,
lymphatics, and various cell types (fibroblasts, resident
tissue macrophages, and mast cells) are also found in
[24,29]
this layer
.
The first major function of the peritoneum is facili
tating transport of fluid and cells across the serosal
[33]
cavities . The microvilli on the luminal surface of
the mesothelial cells play an important role in this
process as they increase the surface area and bind
fluids in their glycosaminoglycan-rich glycocalyx
[34]
thereby aiding absorption . Secondly, the peritoneum

WJG|www.wjgnet.com

provides a slippery and non-adhesive surface to
[35]
allow intracoelomic movement . This slippery and
non-adhesive surface is established by the secretion
of a small amount of sterile fluid containing phospha
tidylcholine produced by each mesothelial cell. Thirdly,
the peritoneum acts as a first line of defence in host
[36,37]
resistance
. The fourth function of the peritoneum
[38,39]
involves tissue repair by releasing growth factors
.
In conclusion, the peritoneum should be considered an
organ with a structural and protective function for the
[24,25,40]
contents of the abdominal cavity
.

PATHOPHYSIOLOGY OF COLORECTAL
PC
The emergence of PC is the result of a molecular
crosstalk between tumor cells and host elements,
comprising several well-defined steps. First, individual
or clumps of tumor cells detach from the primary
tumor and gain access to the peritoneal cavity. In the
second step, these free tumor cells become susceptible
to the regular peritoneal transport along predictable
routes. The third step involves the attachment to the
distant peritoneum where the tumor cells, during
the fourth step, invade the subperitoneal space. The
underlying connective tissue provides the necessary
scaffold for tumor proliferation. The final step involves
angiogenesis, which sustains tumor proliferation and
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Figure 2 Pathophysiology of colorectal peritoneal carcinomatosis: the peritoneal metastatic cascade. The emergence of PC is the result of a molecular
crosstalk between tumor cells and host elements, comprising several well-defined steps. A: Individual or clumps of tumor cells detach from the primary tumor and
gain access to the peritoneal cavity. Spontaneous exfoliation of tumor cells from the primary tumor can be promoted by the down-regulation of E-cadherin, increased
interstitial fluid pressure, and iatrogenically during surgery; B: The free tumor cells become susceptible to the regular peritoneal transport. Peritoneal transport is due
to changes in the intra-abdominal pressure during respiration, gravity and peristalsis of the bowel; which results in a clockwise flow from the pelvis, along the right
paracolic gutter and to the subdiaphragmatic space and finally towards the pelvis again; C: Attachment of tumor cells to distant peritoneum occurs via two processes,
denominated transmesothelial and translymphatic metastasis. During transmesothelial metastasis, loose tumor cells directly adhere to distant mesothelium through
adhesion molecules. During translymphatic metastasis, free tumor cells gain access to the submesothelial lymphatics through lymphatic stomata. Preferential tumor
growth in the milky spots of the greater omentum has been observed; D: Tumor cells invade the submesothelium. In areas of absent or rounded (cuboidal) mesothelial
cells, tumor cells interact with the laminar network of the basement membrane through integrin-mediated adhesion. Subsequent invasion of the submesothelial tissue
occurs via degradation by proteases (MMPs); E: Systemic metastasis. PC: Peritoneal carcinomatosis.
[41]

enables further metastatic growth . It is important
to realise that these steps, known as the “peritoneal
metastatic cascade”, do not necessarily occur in
isolation, but rather describe a continuous and interde
[41]
pendent process (Figure 2, Table 1) .

tail. E-cadherin binds homotypically to E-cadherin
2+
on neighbouring cells through its Ca -dependent
extracellular domains. The cytoplasmic tail associates
with p120, α-, β-, and γ-catenin, which is responsible
for the connection with the actin cytoskeleton and
[46-49]
. It has
allows in- and outward signal transduction
been confirmed that the down-regulation of E-cadherin
expression levels is associated with dedifferentiation,
[50,51]
progression, and metastasis of CRC
. This downregulated tumor suppressor or metastasis suppressor
[52,53]
function has also been reported in gastric
and
[54,55]
ovarian cancer
with PC. Furthermore, reduction
of cell-cell adherence, by the loss of E-cadherin,
and the upregulation of mesenchymal N (neural)cadherin are established hallmarks of the epithelial
[56]
to mesenchyme transition (EMT) . This reversible
reprogramming process allows cells to separate, lose
their apico-basal polarity typical of epithelial cells,
demonstrate heightened resistance to apoptosis, and
[56]
revert to a more motile mesenchymal phenotype .
This is believed to play a major role in the invasion
[49,57]
[58]
and metastasis of tumor cells
. Gargalionis et al

Detachment of tumor cells from the primary tumor

The metastatic pathway begins with the detachment
of individual, or clumps of tumor cells from the
primary tumor. This can be the result of spontaneous
exfoliation of tumor cells from cancers that have
invaded though the full thickness of the bowel wall
[41,42]
and its investing serosa
. Serosal involvement of
colon adenocarcinoma (pT4 stage) is an unfavourable
independent prognostic marker for the development of
[43-45]
PC
. Spontaneous exfoliation of malignant cells can
be promoted by the down-regulation of intracellular
adhesion molecules on the tumor cell surfaces, more
[46]
specifically E (epithelial)-cadherin . E-cadherin
[47]
belongs to the type Ⅰ subfamily of cadherins . The
general structure comprises an extracellular part,
a membrane-spanning domain and a cytoplasmic
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first identified as mechanosensors involved in the
[59]
pathophysiology of polycystic kidney disease . PC1
is a mechanosensor with G-protein coupled receptor
properties that perceives extracellular mechanical
signals and translates them into biochemical re
[60-63]
2+
sponses
. PC2 constitutes a mechanosensitive Ca
[64-67]
channel
. Both receptors physically interact through
their C-terminal, forming heterodimeric complexes at
[68,69]
the cell membrane and at primary cilia
.
Secondly, spontaneous tumor cell shedding from
the primary tumor can also occur due to increased
interstitial fluid pressure, a well-known phenomenon
[70]
in solid tumors such as in CRC. Hayashi et al
reported that the pressure in the tumor is important,
not only for the number of tumor cells shed but,
also for the size of emboli shedding into lymphatics
around the primary tumor. Interstitial hypertension
can be the result of high osmotic pressure, increased
vessel permeability and hyperperfusion, rapid cell
proliferation, lack of effective lymphatic drainage,
hyperplasia around blood vessels and increased
[71]
production of ECM components .
Thirdly, peroperative seeding of viable tumor cells
can also be induced iatrogenically during surgery,
when the tumor is inadvertently ruptured, opened or
cut into. Alternatively, the presence of tumor cells in
the peritoneal cavity can be the result of transected
lymphatics and blood vessels during the course of
[72]
surgical resection .
Using peritoneal lavage cytology, several studies
have aimed to assess the presence of free peritoneal
tumor cells in gastric and CRC patients. They relate
the presence of these cells to various clinical and patho
logical parameters, including locoregional recurrence
[73-77]
rate and survival
. A wide range of 2.1% to
52% positive peritoneal cytology is reported across
several studies, which reflects the heterogeneity of
the techniques and the timing to detect malignant
[45,76,78]
cells in peritoneal washes (Table 2)
. Lloyd et
[75]
[79]
al
and Altomare et al
performed both pre and
post resection peritoneal lavage cytology analysis
using polymerase chain reaction. They both report a
similar pre-resection rate of positive cytology, 12% to
14%, but differ in the post resection detection rate,
[79]
[75]
[76]
3%
and 20% . Recently, Bae et al
performed
peritoneal lavage cytology in patients with CRC without
distant metastasis who underwent curative resection,
immediately after making a midline abdominal incision
and just before manipulation of the tumor. They
reported a rate of positive cytology of 4.1%.

Table 1 General overview molecules/molecular pathways
involved in the peritoneal metastatic cascade
Steps peritoneal metastatic
cascade
Detachment from the
primary tumor

Peritoneal transport

Attachment to distant
peritoneum

Invasion into the
subperitoneal space

Proliferation and
angiogenesis

Molecules/molecular pathways
Spontaneous tumor cell shedding:
E-cadherin ↓
N-cadherin ↑
EMT
PC1 and PC2 ↑
Interstitial fluid pressure ↑
Peroperative seeding tumor cells during
surgery
Muscinous ascites
Actin microfilament system
Lammelipodia, filipodia
Transmesothelial dissemination:
ICAM-1 ↑, PECAM-1, VCAM-1 ↑
TNF-a, IL-1b, IL-6, IFN-g
b1 integrin subunit
CD43, CD44
Hyaluronan
Translymphatic dissemination:
Lymphatic stomata
Milky spots
Rounding of mesothelial cells:
HGF/SF ↑
c-Met ↑
Destruction of the mesothelial monolayer:
Tumor-induced apoptosis
Fas ligand/Fas
Adherence to the basement membrane:
Integrines
Invasion of the peritoneal-blood barrier:
MMP-1, MMP-2, MMP-7, MMP-9, MMP-13,
MMP-14 ↑
TIMP-1, TIMP-2, TIMP-3, TIMP-4
uPA/uPAR
plasminogen activator inhibitor -1 and -2
Proliferation:
EGFR, EGF, TGFa
IGF-1, IGF-Binding Protein-3
Angiogenesis:
HIF-1a, HIF-1b
VEGF/VEGFR

E-cadherin: Epithelial-cadherin; N-cadherin: Neural-cadherin; EMT:
Epithelial to mesenchyme transition; PC: Polycystin; ICAM: Intercellular
adhesion molecule-1; PECAM: Platelet-endothelial cell adhesion
molecule-1; VCAM-1: Vascular adhesion molecule-1; TNF-a: Tumor
necrosis factor-a; IL-1b: Interleukin-1b; IL-6: Interleukin-6; IFN-g:
Interferon-g; CD43: Sialophorin; HGF: Hepatocyte growth factor; SF:
Scatter factor; MMP: Matrix metalloproteinases; TIMP: Tissue inhibitor
metalloproteinases; uPA: Urokinase plasminogen activator; uPAR:
Urokinase plasminogen activator receptor; EGFR: Epidermal growth factor
receptor; EGF: Epidermal growth factor; TGFa: Tumor growth factor a;
IGF-1: Insulin like growth factor-1; HIF: Hypoxia inducible factor; VEGF:
Vascular endothelial growth factor; VEGFR: Vascular endothelial growth
factor receptor.

Peritoneal transport of tumor cells

report that overexpression of the epithelial polycystins
PC1 and PC2 in a human colon carcinoma cell line,
HCT116, is able to induce EMT-related alteration in
E-cadherin, N-cadherin, Snail and Twist (EMT trigger)
mRNA expression. PC2 exogenous expression was
[58]
also found to increase cell migration . PC1 and PC2
are both membrane-spanning proteins, which were

WJG|www.wjgnet.com

Once the tumor cells have been detached from the
primary tumor and seeded in the peritoneal cavity, they
become susceptible to the regular peritoneal transport.
Previously, it was assumed that intraperitoneal cancer
dissemination was a random process independent of
the physical and biological properties of the tumor
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Table 2 Intra-operative peritoneal lavage: detection method, timing and outcome data
Patients, n

Method of detection

Peritoneal lavage fluid

Timing of sampling

Intraperitoneal free cancer cells

Kirstensen et al[73]
Nishikawa et al[74]
Lloyd et al[75]

237
410
125

PCR
Cytology
Immunobead RT-PCR

200-600 mL 0.9% NaCl
200 mL 0.9% NaCl
100 mL 0.9% NaCl

Bae et al[76]
Noura et al[77]
Altomare et al[79]

145
697
29

Cytology
Cytology
Thin-Prep

100 mL 0.9% NaCl
100 mL 0.9% NaCl
150 mL 0.9% NaCl

RT-PCR

150 mL 0.9% NaCl

Cytology
Immunofluorescence
qRT-PCR

250 mL 0.9% NaCl
250 mL 0.9% NaCl
250 mL 0.9% NaCl

After
Before
Before
After
Before
Before
Before
After
Before
After
Before
Before
Before

8.01%
7.60%
12.80%
29.60%
4.10%
2.20%
13.80%
2.60%
37.90%
41.40%
0.00%
17.00%
42.00%

Ref.

Rossi Del Monte et al[78]

48

PCR: Polymerase chain reaction; RT-PCR: Real-time polymerase chain reaction; qRT-PCR: Quantitative real-time polymerase chain reaction.

[80]

and the host . However, several studies report that
the direction taken by the loose tumor cells and their
ultimate destination are dependent on the anatomic
site of the primary tumor and the continued cephalic
circulation responsible for the clearance of fluid from
[81-83]
the peritoneal cavity
. The latter is due to changes
in intra-abdominal pressure during respiration, gravity
and peristalsis of the bowel; which results in a clockwise
flow from the pelvis, along the right paracolic gutter
and to the subdiaphragmatic space and finally towards
[40,81]
the pelvis again
. As a result, certain areas of the
peritoneal cavity; the subphrenic region, lesser sac,
mesentery, diaphragm and the paracolic gutters, will
[80]
have an increased risk of occurrence of metastases .
[81]
[82]
Carmignani et al
and Hugen et al
report the
presence of mucinous ascites to be a prominent facili
tator of widespread intraperitoneal cancer distribution
with colonic mucinous adenocarcinoma and mucinous
colonic adenocarcinoma having different peritoneal
surface distribution patterns. The presence of peri
toneal adhesions and fibrin entrapment resulting
from a surgical trauma are also influencing factors
in peritoneal transport. Moreover, during the EMT,
malignant tumor cells gain migratory and invasive
properties that involve a dramatic reorganisation and
activity of the actin microfilament system resulting
in the formation of actin-rich membrane protrusions:
lammelipodia and filipodia. This process is stimulated
by pathological expression of growth factors, their
receptors and signalling intermediates, which are the
[56,84]
products of proto-oncogenes
.

cells directly adhere to the distant mesothelium, the
innermost layer of the peritoneum. The possible role of
adhesion molecules in tumor-mesothelial interactions
has been investigated, based on parallels drawn
between the mesothelial cell and the endothelial
[47]
cell . The mesothelium expresses a distinct pattern
of adhesion molecules, which are known to play an
important role in leukocyte traffic during peritoneal
inflammation and are believed to be exploited by
invading tumor cells during the peritoneal metastatic
[29]
cascade .
Mesothelial cells express adhesion molecules belon
ging to the Immunoglobulin Superfamily: intercellular
adhesion molecule-1 (ICAM-1), platelet-endothelial
cell adhesion molecule-1 (PECAM-1) and vascular
[85-87]
. Several proadhesion molecule-1 (VCAM-1)
inflammatory cytokines released following surgery or
secreted by circulating tumor cells [tumor necrosis
factor-α, interleukin (IL)-1β, IL-6 and interferon-γ]
are known to cause a beneficial environment for the
[88-93]
. These cytokines
tumor-mesothelial interactions
enhance the expression of the adhesion molecules,
ICAM-1 and VCAM-1, on mesothelial cells and induce
the contraction of mesothelial cells, thereby expo
[94]
sing the basement membrane . In these areas of
absent or rounded mesothelial cells, the interaction
between the tumor cells and the laminar network of
the basement membrane is mediated through the
[95-97]
. In an in vitro study, Ziprin et
β1 integrin subunit
[98]
al
demonstrated tumor-mesothelial adhesion by an
interaction between mesothelial ICAM-1 and tumor
expressed CD43 (sialophorin).
The glycosaminoglycan, hyaluronan, is secreted by
the mesothelial cells and subsequently assembled into
[37]
a pericellular coat . First, the hyaluronan coat protects
the mesothelium from vital infections and the cytotoxic
effect of lymphocytes. Secondly, hyaluronan is involved
in tumor-mesothelial adhesion through the interaction
[29,99]
with tumor expressed CD44
. This interaction is an
important step in the peritoneal metastatic cascade of
[100,101]
ovarian, colon and CRC
. CD44 is a cell surface

Attachment to the distant peritoneum

The ultimate destination of intraperitoneal disse
mination depends not only on the physical and biolo
gical properties of the free tumor cells but also on the
tissue that will harbour the mestastatic implantation.
The attachment of free CRC cells to the distant
peritoneum can occur via two processes, denominated
transmesothelial and translymphatic mestastasis.
During transmesothelial dissemination, loose tumor
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glycoprotein, which is widely expressed in several nonneoplastic cells as well as neoplastic cells and is involved
in migration of cells, homotypic and heterotypic cellcell adhesion. The cd44 gene is composed of 20 exons,
[102,103]
10 of which are variably expressed
. The smallest
and most abundant isoform is the standard form,
CD44s. Alternative splicing of 10 variant exons, which
account for sequences located in the extracellular part
of the CD44, results in the expression of CD44v1 up
[104]
to CD44v10
. The variant isoforms CD44v3 and
CD44v6 are believed to play a role in the metastatic
cascade of CRC. Expression of CD44v6 is largely
restricted to the advanced stages (T3/T4) of CRC and
was higher in metastatic cancer than in nonmetastatic
[102,105]
[106]
cancer
. Saito et al
investigated the clinical
importance of CD44s and CD44v6 and their relevance
to EMT in 113 patients with stage Ⅱ/Ⅲ CRC treated
with curative surgery. They report that high expression
of CD44v6 is an independent poor prognostic factor for
disease-free survival and overall survival.
During translymphatic dissemination, loose tumor
cells gain access to the submesothelial lymphatics
through openings at the junction of two or more
mesothelial cells, the lymphatic stomata. Lymphatic
stomata are small openings of lymphatic capillaries,
which are involved in immunoregulation but most
importantly serve as drainage channels for active
absorption of fluids and cells from the serous cavities.
They can be found in the greater omentum, appendices
epiploicae of the colon, the peritoneal side of the
diaphragm, falciform ligament, Douglas pouch and
[107]
the small bowel mesentery . Specialized structures,
called “milky spots”, are also found in these anatomical
regions, distributed around the lymphatic stomata. Milky
spots are immunocompetent cell aggregates, which
resorb peritoneal fluid through their lymphatic stomata
and mainly serve as gateways for and providers of
[108-110]
macrophages for the abdominal cavity
. They play
a role in the formation of PC as they provide a highly
vascular microenvironment, which permits early survival
of circulating tumor cells. The production of VEGF
by the mesothelium in the milky spots also promotes
angiogenesis, contributing to preferential tumor
[111]
growth in the milky spots
. However, the precise
mechanisms are not well understood. Lopes Cardozo et
[112]
al
investigated the spread of the syngeneic CC531
colon cancer cells in Wag/Rij rats, after inoculation in
the abdominal cavity. They observed tumor cells in the
milky spots of the greater omentum within 4 h after
intraperitoneal inoculation, demonstrating preferential
tumor growth in these immune aggregates.

destroying the monolayer.
Rounding of mesothelial cells occurs in response
to several pro-inflammatory cytokines, thereby
[97]
exposing the basement membrane . Hepatocyte
growth factor/scatter factor (HGF/SF) produced by
mesothelial cells induces detachment, motility and
proliferation of these cells in the process of mesothelial
[39]
wound repair . Binding of HGF to its tyrosine kinase
receptor, encoded by the c-MET proto-oncogene,
[113]
initiates an invasive growth program . This program
is required during embryonic development for tissue
and organ morphogenesis, but is exploited by tumor
[114,115]
cells to promote invasive and metastatic ability
.
[116]
Sawada et al
already reported that overexpression
of c-Met is a prognostic factor in ovarian cancer and
targeting this receptor in cultured ovarian carcinoma
cells inhibited peritoneal dissemination through an
α5β1 integrin-dependent mechanism. In CRC, Osada
[117]
et al
investigated the effect of HGF on progression
of liver metastasis. They reported that malignancy
with high c-Met expression and under high level
of HGF, led to unfavourable patient prognosis and
poor survival. The presence of malignant ascites
was also reported to contain factors, which induce
changes in the morphology of the mesothelial cells,
resulting in the separation of cell-cell contacts and the
subsequent establishment of the characteristic round
[94,118]
morphology
.
Destruction of the mesothelial monolayer can occur
through tumor-induced apoptosis. Using a threedimensional in vitro model of the human peritoneum,
[94]
Jayne et al
demonstrated that CRC cell lines
rapidly adhered to the outer mesothelial monolayer.
The majority of the adhered tumor cells displayed
proliferative growth on the mesothelial surface without
invasion. A proportion of the tumor cells invaded the
mesothelium, which was characterized by apoptosis of
the mesothelial cells involving membrane blebbing, cell
[119]
shrinkage and nuclear fragmentation. Heath et al
explored the role of the death ligand/receptor system,
Fas Ligand/Fas, in the process of apoptosis using human
mesothelial cells co-cultured in vitro with the SW480
colonic cancer cell line. They demonstrated that invasion
of the peritoneal mesothelium occurs via tumor-induced
mesothelial apoptosis, at least in part mediated by a
Fas-dependent mechanism.
After penetrating the mesothelium, the tumor cells
adhere to the basement membrane through integrinmediated adhesion. Integrins are calcium/magnesiumdependent heterodimer molecules, consisting of an α
and a β subunit, located on the cell membrane. They
are involved in both homotypic cell-cell and heterotypic
cell-ECM adhesion and mediate in- and outward signal
transduction to the actin cytoskeleton via cytoplasmic
[47]
proteins .
Subsequent invasion of the peritoneal-blood barrier,
the submesothelial tissue between the peritoneal
mesothelium and the submesothelial arterial blood

Invasion into the subperitoneal space

For adhered tumor cells to invade the subperitoneal
space, they must first penetrate the mesothelial
monolayer. This can occur either at areas of peritoneal
discontinuity, by invading the intercellular spaces
between adjacent rounded mesothelial cells or by
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[124]

Table 3 Overview matrix metalloproteinases
MMP

Name

Producing Cells

Substrates

MMP-1
MMP-2

Collagenase
Gelatinase

MMP-3
MMP-7

Stromelysin-1
Matrilysin

Fibroblasts, synovial cells, chondrocyte
Fibroblasts, chrondrocyte, mesangium
endothelial cells, cancer cells
Synovial cells, chondrocyte, fibroblasts
Cancer cells, macrophage

MMP-8
MMP-9

Neutrophil, Collagenase
Gelatinase B

MMP-10
MMP-11
MMP-12
MMP-13
MMP-14

Stromelysin-2
Stromelysin-3
Metalloestelase
Collagenase-3
MT1-MMP

MMP-15
MMP-16
MMP-17
MMP-20
MMP-24
MMP-25
TIMP-1
TIMP-2

MT2-MMP
MT3-MMP
MT4-MMP
Enamelysin
MT5-MMP
MT6-MMP

Collagen Ⅰ, Ⅱ, Ⅲ, Ⅹ
Gelatin, collagen Ⅳ, Ⅴ, Ⅶ, XI
Laminin, fibronectin, elastin
Proteoglycan, collagen Ⅲ, Ⅳ, Ⅶ, Ⅸ, elastin
Proteoglycan, gelatin, fibronectin
elastin, collagen Ⅳ, laminin
Collagen Ⅰ, Ⅱ, Ⅲ
Gelatin, collagen Ⅲ, Ⅳ, Ⅴ
a2 chain, Elastin
Collagen Ⅲ, Ⅳ, Ⅴ, fibronectin, gelatin
Fibronectin, laminin, proteoglycan, gelatin
Elastin
Collagen Ⅰ, Ⅱ, Ⅲ
Collagen Ⅰ, Ⅱ, Ⅲ, gelatin, Laminin
Fibronectin, vitronectin, proteoglycan
Fibronectin, aggrecan, tenascin
Collagen Ⅲ, gelatin, fibronectin
Unknown
Amelogenin, gelatin
Unknown
Unknown
Complex formation with pro-MMP-9 and MMPs
Complex formation with pro-MMP-9, inhibition of MMP-2
degradation

Neutrophil
Neutrophil, macrophage, thromboblast
osteoclast, cancer cells, T-lymphocyte
Cancer cells, T-lymphocyte
Cancer cells, macrophage, mesangium
Macrophage
Chondrocyte, cancer cells
Cancer cells, fibroblasts
Cancer cells, fibroblasts
Neuronal cell
Unknown
Odontoblast
Unknown
Unknown
Tissue, extracellular fluid
Tissue, extracellular fluid

MMP: Matrix metalloproteinases; TIMP: Tissue inhibitor metalloproteinases.

[120]

capillaries, occurs via degradation by proteases
.
Tumor cells, mesothelial cells, surrounding fibroblasts,
inflammatory cells and macrophages secrete matrix
metalloproteinases (MMPs), which are responsible
[121]
for the degradation of several ECM components
.
Destruction of the peritoneal-blood barrier by these
enzymes results from a disturbed equilibrium between
the activation of pro- MMPs and their inhibition by
[47]
tissue inhibitor metalloproteinases (TIMPs) . In CRC,
increased levels of MMP-1, MMP-2, MMP-7, MMP-9,
MMP-13 and MMP-14 have been reported to play a
role in the formation of PC. The MMPs are a family of
zinc- and calcium dependent multifunctional enzymes
currently comprising 23 members in humans, either
[122,123]
membrane-anchored or secreted
. Many MMPs
have overlapping substrate specificity and are involved
in a network of mutual activation by MMPs and plasmin
[124]
activation (Table 3) . Four types of TIMPs (TIMP-1 TIMP-4) have been reported, which control the activity
[125-129]
of the MMPs
.
Elevated expression of MMP1 has been reported
in several studies to be correlated with metastasis,
[129-132]
reduced overall and/or disease-free survival
.
However, some controversy exists regarding the
[133]
role of MMP-1. Hettiaratchi et al
published a
study, including 503 CRC patients and 471 healthy
individuals, demonstrating that a single nucleotide
polymorphism in the mmp-1 gene promoter resulted
in a significantly improved 5-year survival rate.
[134]
Groblewska et al
suggested that MMP-2 and
TIMP-2 play a role in the process of CRC invasion
and metastasis. They conducted a study with 72
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CRC patients and 68 healthy individuals to assess
the serum levels and tissue expression of MMP-2 and
TIMP2. MMP-9 has been implicated in the progression,
[135,136]
invasion and metastasis of CRC
. In a study con
[137]
ducted by Alkhamesi et al
, bidirectional signalling
was reported between mesothelial cells and tumor
cells in generating cancer invasion. They demonstrated
that the interaction of ICAM with its ligand, CD43,
plays a vital role in both peritoneal adhesion of tumor
cells and the preparation of the right environment for
subsequent invasion by increasing the production of
MMPs (MMP-2 and MMP-9).
MMP-7 is the smallest member of the MMP family
and has been proposed to fulfil a dual role in the
progression of peritoneal metastases. On the one
hand, MMP-7 can have a potential role in tumor
invasion and metastasis by degrading basement
membrane and submesothelial components. On the
other hand, MMP-7 can promote the development
and progression of tumor cells by inhibiting tumor
cell apoptosis, decreasing cell adhesion and inducing
[138]
angiogenesis .
[139]
Yamada et al
reported MMP-13 as a useful
predictor of liver metastasis in patients diagnosed with
CRC.
Another mediator in the degradation of peritonealblood barrier is the urokinase plasminogen activating
system, consisting of the urokinase plasminogen
activator receptor (uPAR) and the urokinase plasmi
nogen activator (uPA). uPA is a serine protease, which
upon activation of the pro-enzyme (pro-uPA) catalyses
the reaction in which plasminogen is converted to
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plasmin. Plasmin is in turn responsible for the degra
dation of several ECM components and the activation
[140,141]
of pro-MMPs
. The catalytic activity of uPA is
controlled by its inhibitors, plasminogen activator
inhibitor-1 and plasminogen activator inhibitor-2,
through the formation of an enzymatically inactive,
[142]
trimeric receptor-protease-inhibitor complex
.
[143]
Seetoo et al
investigated the expression levels of
PAS in a series of human CRC tissues and correlated
these results with patient outcome. They report uPA
and uPAR to be possible independent predictors of liver
metastasis, patient overall survival and cancer-specific
survival after resection of colorectal tumors.

Angiogenesis, the growth of new blood vessels from
pre-existing vessels, is paramount for tumor growth
and the formation of metastases. For their survival,
tumor cells rely on the delivery of oxygen from preexisting blood vessels and nutrients by the recruitment
of stromal cells. However, when these tumor cells are
located more than 150 µm from the submesothelial
capillaries, oxygen and nutrients will not be able to
pass the peritoneal-blood barrier resulting in hypoxia[155]
induced apoptosis
. Therefore, angiogenesis is
induced through the production of angiogenic factors
[156,157]
by tumor cells
. Key players in this process are
hypoxia inducible factor-1 (HIF-1) and VEGF.
HIF-1 is a heterodimeric protein composed of HIF-1α
and HIF-1β, which activates the transcription of genes
involved in the induction of angiogenesis, including
[158,159]
VEGF
. HIF-1β is constitutively expressed and
does therefore not depend on the hypoxic status of the
cells. The expression of HIF-1α increases exponentially
[160]
as oxygen levels decline in the cell
. In the same
[7]
study discussed above, Varghese et al reported that
HIF-1α was upregulated only in tumor samples from
[161]
peritoneal metastases. Greijer et al
investigated
the expression of HIF-1 in normal colorectal mucosa,
adenomas and carcinomas. They observed upregulation
of HIF-1α in colorectal adenomas and carcinomas.
[162]
Using immunohistochemistry, Wu et al
investigated
the clinicopathologic significance of HIF-1 expression
in primary human colon cancer. High expression levels
correlated positively with an advanced TNM stage and
[162]
were associated with increased metastatic potential .
The VEGF family constitutes five structurally
related proteins, VEGF-A, VEGF-B, VEGF-C, VEGF-D
and placental growth factor. VEGF-C and VEGF-D
are important in the process of lymphangiogenesis,
while VEGF-A, VEGF-B and placental growth factor
[163-166]
are important in neovascularization
. The most
potent pro-angiogenic growth factor, VEGF-A binds
to its receptors VEGFR-1 and VEGFR-2 and thereby
increases endothelial cell survival, proliferation,
[167,168]
migration and differentiation
. VEGF-A displays
sensitivity to hypoxia and its expression in growing
[169]
tissue is regulated by HIF
. In a study conducted
[170]
by Shaheen et al
, nude mice were injected with
KM12L4 human colon cancer cells to generate PC.
The simultaneous blockage of the VEGF and the
EGF receptors with anti-VEGFR (DC101) and antiEGFR (C225) resulted in decreased tumor vascularity,
growth, proliferation, formation of ascites and increased
apoptosis of both tumor cells and endothelial cells.
[171]
Using immunohistochemistry, Logan-Collins et al
investigated tumor samples from patients undergoing
CRS and intraperitoneal hyperthermic perfusion for
mucinous adenocarcinoma of appendiceal or colonic
origin. They reported that overall survival was better in
patients with low VEGF expression than in patients with
high VEGF expression.

Proliferation and angiogenesis

A known hallmark of malignant tumor cells is their
ability to trigger proliferation. Sustained proliferation
is achieved through the production of growth factors
and their receptors by tumor cells and their associated
stromal cells, inducing autocrine and paracrine
[144]
loops
. Both the epidermal growth factor receptor
(EGFR) and the insulin like growth factor-1 (IGF-1)
[7,145]
have been reported to be involved in this process
.
EGFR belongs to the ErbB cell surface receptor
family and can be activated by several ligands
[146]
including EGF and TGFα . Binding of its ligand results
in homo- or heterodimerization of various ErbB family
members, followed by internalisation of the EFGR
receptor complex. Upon autophosphorylation of the
EGRF tyrosine kinase domains in the cytoplasmic tails,
a transduction signalling cascade is initiated, which in
turn regulates tumor cell proliferation, differentiation
[147,148]
[149]
and survival
. Yonemura et al
reported that
gastric tumors with synchronous expression of EGF
and EGFR had the highest malignant potential, causing
[150]
autocrine secretions for self-replication. Ziober et al
conducted an in vitro assay with CRC cell lines and
demonstrated that TGFα activated autocrine circuits
with its receptor, EGFR, and determined growth factor
[150,151]
[152]
independence of CRC cells
. Tampellini et al
reported that co-expression of immunoreactive EGFR
and TGFα was significantly higher in CRC with distant
metastases at diagnosis than in CRC presenting at a
lower tumor stage.
IGF-1 and its transmembrane receptor are part of a
family of cellular modulators that are important in the
[153]
regulation of growth and development
. Varghese
[7]
et al performed microarray analyses on tumors from
patients with CRC metastasized to either the liver or the
peritoneum. IGF-1 was exclusively upregulated in tumor
samples of patients with peritoneal metastases. Further
evidence of the involvement of IGF-1 was provided by
[154]
Fuchs et al
. They reported that increased plasma
levels of IGF-Binding Protein-3, an endogenous
antagonist of IGF-1, were associated with improved
treatment response to first-line chemotherapy and a
prolonged time to cancer progression.
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CRS during the peroperative period. Today’s treatment
of colorectal PC involves the combined treatment
modality of CRS and HIPEC. The rationale behind the
use of HIPEC after CRS is to treat viable circulating
tumor cells, residual microscopic lesions, and to
eliminate viable platelets, leukocytes and monocytes
from the peritoneal cavity. The latter reduces the
promotion of tumor growth at traumatized peritoneal
surfaces during the wound healing process. Combining
CRS and HIPEC for the treatment of colorectal PC has
demonstrated encouraging clinical results in several
[16-18]
phase Ⅱ en Ⅲ trials
. In a multicentre French trial,
[182]
Elias et al
report an overall 1-year, 3-year and 5-year
survival rate of 81%, 41% and 27%.

ROLE OF THE SURGEON IN PERITONEAL
DISEASE SPREAD
The above-mentioned pathophysiology describes the
formation of PC as a continuous and interdependent
process, known as the peritoneal mestastatic cascade.
The surgeon plays a dual role in this process, as
promotor of PC by breaching the mesothelium during
surgery but at the same time as opponent of PC by
performing CRS and HIPEC.
The role of the surgeon as promotor of PC was first
[22]
described by Sugarbaker
in what they called the
“tumor cell entrapment” hypothesis. This hypothesis
explains the rapid peritoneal disease progression
in patients who have undergone surgery as sole
treatment. In this setting, the surgeon is responsible
for: (1) peroperative seeding of malignant tumor cells
originating from transected lymphatics and blood
vessels; and/or (2) the dissemination of malignant
cells when the tumor is inadvertently ruptured, opened
[25,72]
or cut into
; (3) The peritonectomized surfaces and
areas where the peritoneal barrier is disrupted during
the course of surgical dissection, provide a favourable
niche for the re-implantation of these free tumor
[96]
cells . The tumor cells become entrapped in the local
fibrin deposition present on the traumatised peritoneal
surfaces, where they can progress in the presence
[172,173]
of growth factors involved in wound healing
.
The fibrin is infiltrated by platelets, neutrophils and
monocytes as part of this wound healing process.
[174]
Using a rat model, van den Tol et al
reported that
growth of intraperitoneally administered rat colon
carcinoma cells was enhanced when injected together
with lavage fluid from intra-abdominally traumatized
[175]
animals. Lee et al
investigated whether the wound
healing response after an abdominal incision leads to
locally increased MMP-9 activity, thereby contributing
to peritoneal metastasis. Using a murine model,
they concluded that wound-associated inflammation
enhances pro-MMP-9 expression. This in turn plays a
key role in the growth and progression of tumor cells
[176]
associated with peritoneal metastases .
Port-site recurrences or recurrences situated at
extraction site skin incisions have been established
concerns since the introduction of diagnostic or
[177,178]
cancer laparoscopy
. First, port-site recurrences
are abdominal wall recurrences that occur in the
subcutaneous tissue as result of slipping of trocars as
[179,180]
well as poor extraction techniques
. Second, the
increase in intraperitoneal pressure during laparoscopy
promotes tumor invasiveness and tumor growth via
a protease-determined pathway. Using an in vitro
[181]
experiment, Paraskeva et al
reported that the
exposure of a human colon carcinoma cell line to a
laparoscopic environment enhances the production of
MMP-2, MMP-9 and uPA.
The surgeon’s role as preventer of PC involves the
administration of intraperitoneal chemotherapy following
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CONCLUSION
PC is the result of a complex molecular crosstalk
between cancer cells and host elements, comprising
several well-defined steps, known as the peritoneal
metastatic cascade. Individual or clumps of tumor
cells detach from the primary tumor, gain access to
the peritoneal cavity and become susceptible to the
regular peritoneal transport. They attach to distant
peritoneum, invade the subperitoneal space, where
angiogenesis sustains proliferation and enables further
metastatic growth. It is important to realise that these
molecular events do not necessarily occur in isolation,
but rather describe a continuous and interdependent
process. Current treatment combines CRS and HIPEC.
This approach is associated with significant morbidity
and mortality. A comprehensive understanding of
the molecular events involved in peritoneal disease
spread, subsequent careful patient selection and
knowledgeable management of peritoneal surface
metastases is therefore paramount to avoid unnece
ssary toxicity.
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Management of patients after recovering from acute severe
biliary pancreatitis
Georgia Dedemadi, Manolis Nikolopoulos, Ioannis Kalaitzopoulos, George Sgourakis

Abstract

Georgia Dedemadi, Manolis Nikolopoulos, Ioannis
Kalaitzopoulos, Department of Surgery, Sismanoglio-Amalia
Fleming Hospital, Melissia, 15127 Athens, Greece

Cholelithiasis is the most common cause of acute
pancreatitis, accounting 35%-60% of cases. Around
15%-20% of patients suffer a severe attack with high
morbidity and mortality rates. As far as treatment is
concerned, the optimum method of late management
of patients with severe acute biliary pancreatitis is still
contentious and the main question is over the correct
timing of every intervention. Patients after recovering
from an acute episode of severe biliary pancreatitis can
be offered alternative options in their management,
including cholecystectomy, endoscopic retrograde
cholangiopancreatography (ERCP) and sphincterotomy,
or no definitive treatment. Delaying cholecystectomy
until after resolution of the inflammatory process,
usually not earlier than 6 wk after onset of acute
pancreatitis, seems to be a safe policy. ERCP and
sphincterotomy on index admission prevent recurrent
episodes of pancreatitis until cholecystectomy is
performed, but if used for definitive treatment, they
can be a valuable tool for patients unfit for surgery.
Some patients who survive severe biliary pancreatitis
may develop pseudocysts or walled-off necrosis.
Management of pseudocysts with minimally invasive
techniques, if not therapeutic, can be used as a bridge
to definitive operative treatment, which includes
delayed cholecystectomy and concurrent pseudocyst
drainage in some patients. A management algorithm
has been developed for patients surviving severe biliary
pancreatitis according to the currently published data in
the literature.
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the risk of a second general anesthetic or a risk of a
second interventional procedure to manage persistent
fluid collections. Our searches of the literature have
revealed the fact that peripancreatic fluid collection
and pseudocysts must be considered in the timing
of cholecystectomy after an episode of moderate to
severe biliary pancreatitis has not been addressed
extensively. Certainly, there are ample reports in the
literature regarding the timing of intervention for
[11,12]
pseudocyst
.
Currently available therapeutic options for patients
who have survived severe biliary pancreatitis are: (1)
conservative management; (2) index cholecystectomy;
(3) endoscopic retrograde cholangiopancreatography
(ERCP) and sphincterotomy; (4) interval cholecys
tectomy; (5) intervention for pseudocyst and walledoff necrosis; and (6) a combination of all or some
of the above options. We assume that selective
use of ERCP and sphincterotomy combined with
interval cholecystectomy and concurrent pseudocyst
management, if required, is the best option for treating
patients after recovering from an acute episode of
severe biliary pancreatitis.

Core tip: There is a paucity of data as to which of the
following treatment options, including cholecystectomy,
endoscopic retrograde cholangiopancreatography and
sphincterotomy, drainage techniques for fluid collections
and pseudocysts, or no definitive treatment, is the
optimal for patients after recovering from an acute
episode of severe biliary pancreatitis. The complexity of
pancreatitis regarding its course, patient’s performance
status, and the variety of available interventions should
be taken into consideration, raising the need for
multidisciplinary management and individualization of
every case.
Dedemadi G, Nikolopoulos M, Kalaitzopoulos I, Sgourakis G.
Management of patients after recovering from acute severe biliary
pancreatitis. World J Gastroenterol 2016; 22(34): 7708-7717
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i34/7708.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i34.7708

INTRODUCTION
The most common cause of acute pancreatitis in
many western and Asian countries is cholelithiasis,
[1]
accounting for 35%-60% of cases . Most patients
experience a relatively benign course of pancreatitis,
[2]
but 15%-20% of patients suffer a severe attack ,
which is associated with high morbidity and an esti
[1]
mated mortality rate of 20%-30% . Severe acute
pancreatitis is defined by the presence of organ failure
[2,3]
persisting beyond 48 h . As far as the treatment is
concerned, the optimum method for late management
of patients with severe acute biliary pancreatitis is
still contentious and the main question is the correct
timing of every intervention. Long-term management
of symptomatic cholelithiasis aims at minimizing the
risk of new biliary events. In the study of Melman
[4]
et al , > 50% of patients with biliary pancreatitis
required laparoscopic or open cholecystectomy as
part of the overall management. The American
College of Gastroenterology and the International
Association of Pancreatology/American Pancreatic
Association (IAP/APA) Working Group recommend
that definitive treatment in acute biliary pancreatitis
should include cholecystectomy as the treatment
[5,6]
of choice, thus avoiding recurrent biliary events .
However, 25%-50% of patients do not undergo
cholecystectomy for a variety of reasons, regardless
[7-9]
of current guidelines
. In a recent retrospective
study including 5079 patients initially treated with
sphincterotomy, interval cholecystectomy was the
most efficient method for preventing episodes of
recurrent biliary pancreatitis and offered the best long[10]
term outcomes . The timing of cholecystectomy in
patients with peripancreatic fluid collections has not
yet been determined. Early cholecystectomy raises

WJG|www.wjgnet.com

LITERATURE SEARCH
A literature search was performed concerning the
management of patients after recovering from an acute
episode of severe biliary pancreatitis. The electronic
databases MEDLINE, PubMed, Embase, Cochrane
Library and Google Scholar were used to search for
relevant articles published in 1976-2016, using the
following terms and/or combinations in their titles,
abstracts, or keyword lists: acute pancreatitis, biliary
pancreatitis, severe acute pancreatitis, pancreatic
pseudocysts, index cholecystectomy, interval cho
lecystectomy, percutaneous pseudocyst drainage,
endoscopic pseudocyst drainage, surgical pseudocyst
management. The above-mentioned terms were used
in [MeSH] (PubMed and Cochrane Library), where
applicable; otherwise, they were combined using “AND/
OR” and asterisks.
The following exclusion criteria were initially applied
to all articles identified: publication of abstract only,
case reports, and mean or median follow-up of 6 mo.
Inclusion criteria were: observational cohort studies,
randomized trials, reviews, meta-analyses, systematic
reviews and Cochrane Database Systematic Reviews,
studies available in full text, and published in the
English language. Further references from the selected
articles were reviewed manually to supplement the
electronic search for additional relevant articles. The
following variables concerning studies that address
the management of patients with acute severe biliary
pancreatitis were recorded: authors, journal and year
of publication, country of origin, trial duration and
participant demographics. Data concerning followup evaluation, ratios and percentages of morbidity,
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mortality, biliary events, recurrent pancreatitis, sepsis
and other complications according to each treatment
option were recorded in a database (Microsoft Excel
spreadsheet).

Open cholecystectomy has a limited role; it can
be performed along with debridement of necrotizing
pancreatitis, and, in cases where a pancreatic pseudo
cyst is present, after unsuccessful percutaneous or
[13,21,22]
endoscopic approaches, and in failed laparoscopy
.
Laparoscopic cholecystectomy is the preferred approach,
offering all the well-known advantages of minimally
invasive procedures. The timing of laparoscopic cho
lecystectomy after an episode of mild acute biliary
pancreatitis is controversial, whereas in severe pan
creatitis, current guidelines recommend delaying
cholecystectomy until after resolution of inflammatory
process, usually not earlier than 6 wk after onset of acute
[5,6,23]
pancreatitis
.
According to the IAP/APA Working Group, in patients
with peripancreatic collections, cholecystectomy should
be delayed until collections either resolve, or, if they
persist > 6 wk, cholecystectomy can be performed
[6]
[24]
safely at this time . Nealon et al
suggest that
nonoperative management of the pseudocyst, as a
bridge to definitive operative treatment, which includes
delayed cholecystectomy and concurrent pseudocyst
drainage, can be appropriate for a certain number of
patients.

BACKGROUND DATA
Patients after recovering from an acute episode of
severe biliary pancreatitis can be offered alternative
options in their management, including cholecystectomy,
ERCP and sphincterotomy, or no definitive treatment.
Identifying these patients is a major concern because
[13]
it affects the type and timing of intervention . The
implementation of appropriate treatment is directly
correlated with the patients’ performance status, as frail
elderly patients or patients with an impaired general
condition and severe comorbid disease are usually
[5,6]
unfit for surgery . One also has to take into account
that a number of patients who have survived severe
biliary pancreatitis may develop pseudocysts or walledoff necrosis. Patients are generally considered fit for
surgery according to their physiological fitness and
functional capacity to cope with the above-mentioned
procedures/interventions. There is a wide variety of
prediction models referred to in the literature and used
[14,15]
in different centers
. Adequate treatment must
be provided according to patients’ general condition,
offering alternative options, such as percutaneous,
[4,16,17]
endoscopic or surgical treatment
.

Need for ERCP and sphincterotomy: The AGA
Institute Technical Review on Acute Pancreatitis
maintains that ERCP should be performed in patients
with a high suspicion of a persistent common bile
[25]
duct stone , and the IAP/APA Working Group claims
that ERCP is perhaps advisable in biliary pancreatitis
with common bile duct obstruction, and possibly
not indicated in predicted severe biliary pancreatitis
[6]
without cholangitis . Furthermore, the American
College of Gastroenterology guidelines state that ERCP
is not required in most patients with biliary pancreatitis
who do not present with laboratory or clinical evidence
[5]
of persistent biliary obstruction . The majority of
patients with biliary pancreatitis have spontaneous
[26]
passage of stones into the duodenum , possibly
rendering ERCP redundant, thus reducing potential
associated complications. ERCP-related complications
range from 5% to 10% and mortality from 0.2%
to 0.5%, therefore, accurate prediction of common
bile duct stones is required to avoid unnecessary
[27,28]
interventions
. The decision to perform ERCP is
often taken without substantial supporting evidence
and is commonly based on biochemical (presence of
cholestatic liver biochemistry) and radiological (dilated
common bile duct) criteria, although they are proven
to be unreliable factors for detecting the presence of
[29]
common bile duct stones . Subsequent to an episode
of biliary pancreatitis, ERCP and sphincterotomy can
be performed on an elective basis for extraction of
[30]
impacted biliary stone , but there is no evidence
regarding the optimal timing of ERCP in patients with
[6]
biliary pancreatitis without cholangitis .
Recent noninvasive imaging modalities, such as

Patients unfit for surgery

Conservatively treated patients after recovering from an
acute episode of biliary pancreatitis have a significant
[7,10,18]
risk of developing recurrent biliary events
. A
[9]
large observational study by El-Dhuwaib et al ,
including 5454 patients, found that patients who did not
undergo definitive treatment at index admission had
an increased risk of recurrent biliary pancreatitis with
a cumulative readmission rate of 4% within 2 wk after
discharge, 7.7% within 6 wk and 12.8% within 52 wk.

Patients fit for surgery

Cholecystectomy: Cholecystectomy is the definitive
[5,6]
treatment for acute biliary pancreatitis . A significantly
decreased risk of recurrent biliary pancreatitis, ranging
between 1% and 5.1% is observed in patients who
undergo index cholecystectomy, as it does not entirely
[8,9,19]
prevent recurrent disease
. A population-based
study questions the effectiveness of cholecystectomy
for preventing recurrent episodes of acute pancreatitis
in patients with neither a significant elevation of
liver tests on day 1 of acute pancreatitis nor stones
or sludge in the gallbladder on initial ultrasound
evaluation, as recurrence rates were 34% and 61%,
respectively. Recurrent attacks of acute pancreatitis
after cholecystectomy were low when acute pancreatitis
was associated with significantly elevated liver enzymes
[20]
on day 1 of index admission .
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endoscopic ultrasound (EUS) and magnetic resonance
cholangiopancreatography (MRCP) are at present
accurate in detecting intraductal stones and identifying
[31,32]
patients with persistent obstruction
. Sensitivity and
specificity for detecting common bile duct stones for
MRCP were 92% and 97%, respectively, and for EUS,
[31,32]
89% and 94%, respectively
. The sensitivity of
MRCP decreases to about 65% when diagnosing stones
< 5 mm, while the sensitivity of EUS does not vary with
[32]
stone size . This is particularly important because
small stones are a common cause of biliary pancreatitis.
EUS is more accurate than MRCP in the detection of
intraductal stones < 5 mm, but MRCP is a less invasive
method, less dependent on the operator and generally
available, so there is no clear predominance of MRCP or
[6]
EUS . These imaging modalities are of most importance
in deciding which patients can benefit from ERCP and
[29]
sphincterotomy . However, no specific evidence exists
[33]
in the setting of severe acute biliary pancreatitis .
MRCP or EUS instead of ERCP should be carried out
for suspected common bile duct stones in patients
with biliary pancreatitis in the absence of cholangitis
[5,29]
or biliary obstruction
. EUS is preferred over MRCP
because EUS and ERCP can be performed in a single
session if required. Savides noted that, even if MRCP
reveals an intraductal stone, it is still worth considering
[34]
EUS immediately before ERCP because about 21% of
intraductal stones (especially those < 8 mm) can pass
spontaneously, which can occur in the interval between
[26]
[35]
MRCP and ERCP . In a recent review, Anderloni et al
state that EUS has recently been proposed as the new
gold standard in the diagnosis of choledocholithiasis, as
it is well known that small stones occasionally cannot be
detected during ERCP; stones < 4 mm mainly in dilated
common bile ducts can be hidden by contrast injection.
The use of EUS before ERCP for stones < 4 mm is
supported by sufficient evidence, as about two-thirds of
[36]
ERCPs can be avoided .

Acute peripancreatic fluid collections and pseu
docysts are the most frequent complications following
acute severe pancreatitis. Pancreatic pseudocysts
have been traditionally treated surgically and this
approach is still frequently used. The recent trend in
the management of symptomatic pseudocysts has
evolved towards minimally invasive therapy, such as
endoscopic and image-guided percutaneous catheter
drainage, leaving laparoscopic and open surgical
techniques in case of failure of the above-mentioned
[33]
techniques . Proper patient selection is essential
to decide on the best available technique for each
and every patient. Treatment is a complex decisionmaking procedure, individualized for each patient,
encompassing a multidisciplinary approach according
to local expertise with endoscopic, percutaneous, or
surgical techniques. A recent review has reported
short-term clinical success rates of 85% for endoscopic
drainage, 83% for surgical techniques and 67% for
percutaneous drainage, and complication rates were
16%, 45% and 34% for endoscopic, surgical and
[38]
percutaneous approaches, respectively .
Ductal anatomical abnormalities are more frequently
encountered after severe acute pancreatitis. Although
there is a lack of epidemiological data, the incidence of
disconnected pancreatic duct syndrome is 10%-30%
[39]
among patients with severe acute pancreatitis .
According to the revised Atlanta definition of pseu
docysts, communication of a pseudocyst with the main
[2]
duct occurs rarely , while previous studies report that
25%-58% of pseudocysts may communicate with the
[40]
pancreatic duct . Displaying such a communication or
a disconnected pancreatic duct syndrome is essential
in order to establish proper management. ERCP might
be considered to further delineate anatomy, but it
is not necessary when high-quality cross-sectional
[41]
imaging (MRCP) is available . The concurrent use
of secretin has improved the diagnostic yield of
MRCP and it is suggested to be valuable in assessing
[42]
ductal continuity . The ready availability of MRCP
renders it the preferred imaging study. ERCP is an
invasive method with the risk of contaminating the
[33]
pseudocyst . Once ERCP is carried out preoperatively,
it should be done in close proximity to interventions to
[43]
reduce the risk of contaminating the pseudocyst .

Patients with pseudocysts and walled-off necrosis:
Patients with persistent organ failure (> 48 h) in the
late phase of severe acute pancreatitis are more likely
to develop local complications, while some patients
[3]
may recover without complications . According to
the revised Atlanta classification, local complications
include: acute peripancreatic fluid collection, pancreatic
pseudocyst, acute necrotic collection, and walled[2]
off necrosis . Localized collections persisting for > 4
wk can evolve into either a pseudocyst, if containing
fluid only, or walled-off necrosis, if containing solid
[2]
necrotic material; both within a well-defined wall .
A pseudocyst occurs after the onset of interstitial
edematous pancreatitis but also in the setting of acute
necrotizing pancreatitis as a result of disconnected
duct syndrome, while walled-off necrosis occurs after
[37]
the onset of necrotizing pancreatitis . The distinction
between these two entities was initiated in the 2012
revised Atlanta classification; therefore, the previously
published papers do not contain this differentiation.
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OUTCOMES AFTER DIFFERENT
MANAGEMENT PLANS
Schematic presentation of the alternative treatment
options and their outcomes is depicted in Figure 1.

Patients unfit for surgery

Conservative treatment: Conservatively treated
patients after recovering from an acute episode of
biliary pancreatitis have a significant risk of developing
[7]
recurrent biliary events . Studies have reported
recurrence rates of biliary pancreatitis between 18%
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Acute severe gallstone pancreatitis - initial and definitive treatment

Fit for
surgery

Index cholecystectomy

Biliary events 1.2%-8.8%
Recur. Pancreatitis 0%-7%
[8,19,47,48,50,52]
Mortality 0%-3.6%

ERCP + ES

Biliary events 0.5%
Recur. Pancreatitis 1%-5.1%
Mortality 0.6%
79% developed pseudocysts
(all had ERCP before intervention)
Complications of cholecystectomy
44%
Sepsis 47%
[8,9,19,24]
Follow up 16 mo

Unfit for
surgery
ERCP + ES
No treatment
Biliary events 0%-28.6%
Recur. Pancreatitis 0%-8.2%
[7,9,10,18,45,48,50]
Mortality 3%-4.7%
Biliary events 9.4%-14.3%
Recur. Pancreatitis 12%-23%
[7,10,18,19,45]
Mortality 3.9%

Interval cholecystectomy

Resolving
Pseudocyst
Interval
cholecystectomy > 6
wk

Not resolving/
symptomatic

Interval
cholecystectomy +
intervention
4-6 wk
Complications 10%-24%
Success 62%-100%
[66,71,74]
Follow up 6-24 mo

Pseudocyst

Biliary events 9%-19%
Recur. Pancreatitis 3.8%-61%
[10,19,44,45,46]
Mortality 6.25%
Resolving

Interval
cholecystectomy +
intervention > 6 wk

No treatment

Intervention
4-6 wk

Complications 10%-24%
Success 62%-100%
[66,71,74]
Follow up 6-24 mo

Complications 5.5%-10%
Sepsis 7% Success 99%
[24,51]
Follow up 16-54 mo

Not resolving/
symptomatic
Intervention
> 6 wk
Complications 5.5%-10%
Sepsis 7% Success 99%
[24,51]
Follow up 16-54 mo

Figure 1 Schematic presentation of alternative treatment options and outcomes for management of acute severe biliary pancreatitis. ERCP: Endoscopic
retrograde cholangiopancreatography; ES: Endoscopic sphincterotomy.

and 61% while patients are waiting to undergo
cholecystectomy when conservatively treated at index
[19,44]
admission
. Around 4%-50% of cases of recurrent
[19]
biliary pancreatitis can be severe . In a recent
retrospective study including 5079 patients, recurrent
biliary pancreatitis occurred in 23% of patients, with
a median time to the next episode of about 186 d, if
[10]
no intervention was performed . Other biliary events
may have occurred in patients who did not receive
cholecystectomy after having recovered from an acute
episode of biliary pancreatitis, including biliary colic
(5.2%-11.8%), acute cholecystitis (1%-5.6%) and
[19,45-48]
cholangitis (0.8%-7%)
. ERCP and sphincterotomy
[49]
do not protect against the risk of biliary disease .

with severe acute pancreatitis, cholecystectomy should
be postponed until all signs of systemic disorders
[23]
have resolved . Furthermore, the American College
of Gastroenterology guidelines state that, in order to
avoid contamination in patients with necrotizing biliary
acute pancreatitis, cholecystectomy should be delayed
until the inflammatory process has subsided, and fluid
[5]
collections have resolved or become stable .
An increased incidence of contaminated collections is
observed when performing early cholecystectomy after
[24]
moderate to severe pancreatitis . Cholecystectomy
is typically delayed in patients with severe acute
pancreatitis until a later time during index admission
or after discharge, even weeks or months after the
pancreatitis episode, or, if pancreatic necrosis is
present, cholecystectomy can be performed along with
[13,21,22,51]
necrosectomy
.

ERCP and sphincterotomy: Patients receiving
ERCP and sphincterotomy alone have a risk of
developing recurrent pancreatitis ranging from 0% to
[7,9,10,18,45,48,50]
8.2%
and biliary disease ranging from 0%
[10,18,45,50]
to 28.6%
. Therefore, ERCP and sphincterotomy
as definitive treatment in acute severe biliary
pancreatitis is at present recommended in patients
unfit for cholecystectomy, with severe comorbidity or in
[5,6,47,48]
necrotizing pancreatitis
.

Initial ERCP and sphincterotomy: In patients who
did not undergo cholecystectomy, the risk of recurrent
pancreatitis was significant, 8.2% in patients who
had ERCP and 17.1% in patients with no intervention,
[7]
after a median follow-up of 2.3 years . Despite
the fact that ERCP substantially prevents recurrent
pancreatitis, it does not prevent acute cholecystitis
[19]
and biliary colic . The value of ERCP in patients with
acute biliary pancreatitis and concomitant cholangitis
[5,6,25,33]
is well recognized
, whereas, the role and timing

Patients fit for surgery

Index cholecystectomy: The British Society of
Gastroenterology guidelines underline that, in patients
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[13]

of ERCP with sphincterotomy in patients with predicted
severe biliary pancreatitis without cholangitis or a
high suspicion of a persistent common bile duct stone
[33]
remains subject to debate .
A recurrent rate of acute biliary pancreatitis,
between 0% and 7% was observed in patients who
had ERCP and sphincterotomy at index admission
[8,19,47,48,50,52]
but did not receive cholecystectomy
.
The risk of recurrent pancreatitis was reduced after
[7,9,19,48,49]
sphincterotomy
. There is ample evidence
to support the belief that sphincterotomy at index
admission with interval cholecystectomy is a safe and
accurate practice and is considered an alternative to
index cholecystectomy in patients with severe biliary
[13,21,47,48,50,53]
pancreatitis
. In a retrospective study,
no readmissions with recurrent acute pancreatitis
or biliary symptoms were observed in patients
with severe biliary pancreatitis that had ERCP and
sphincterotomy as definitive treatment in patients not
fit for cholecystectomy, during median follow-up of
[48]
3.1 years . A second retrospective study including
patients with moderately severe pancreatitis reported
that, after ERCP, no episodes of recurrent pancreatitis
were detected while waiting for interval cholecystec
[47]
tomy . Interval laparoscopic cholecystectomy has
the potential of recurrent biliary events and additional
[22,45]
hospital stay related to a second admission
.
[22]
Wilson et al
concluded that patients with moderate
to severe acute biliary pancreatitis should undergo
interval cholecystectomy at a later time, weeks or
months after recovering from the initial episode,
depending on the patients’ clinical condition, provided
the patient underwent ERCP and sphincterotomy
at index admission. A large population-based study
provided evidence that cholecystectomy and ERCP
at index admission were associated with significantly
reduced 12-mo readmission rates for acute biliary
[8]
pancreatitis .

do not resolve after 6 wk , thus avoiding a possible
[48]
second procedure to drain a pseudocyst . Timing of
interval cholecystectomy varies among studies and
it has been reported that patients with severe biliary
pancreatitis underwent interval cholecystectomy
[48]
within 6 mo . In a multicenter study including 523
patients with biliary pancreatitis, fewer operative
complications during cholecystectomy were observed
between 4 and 7 wk after discharge, and higher at
[55]
index admission up to 2 wk after discharge . Since
delaying surgery further than 2 wk after discharge has
no apparent unfavorable effect, and delaying definitive
management after 12 wk has no prominent advantage,
definitive management within 3 mo of admission may
decrease recurrent biliary events, readmission rates
[55]
and operative risk . In patients recovering from an
episode of acute pancreatitis and a small pseudocyst
with mild symptoms, cholecystectomy can be delayed
for a further 3 mo, since spontaneous resolution of the
[56]
pseudocyst may still occur .
Management of pseudocysts and walled-off
necrosis according to management plans: Most
of the fluid collections generally resolve spontaneously
without the need for further intervention, but 5%-16%
of patients with severe acute pancreatitis will develop
[57,58]
a pseudocyst > 4 wk after onset of pancreatitis
.
[59]
The prevalence in biliary pancreatitis is 6%-8% .
A pseudocyst will also develop in 8% of patients
[60]
who have undergone necrosectomy . In a recent
prospective multicenter study including 302 patients
with acute pancreatitis, pancreatic pseudocysts
developed in 6.3% of patients after 4-6 wk. A decrease
in size or spontaneous resolution of pseudocysts was
observed in an elevated percentage of patients that
[58]
increased to 84.2% with conservative management .
Italian Association for the study of the Pancreas
consensus guidelines on severe acute pancreatitis point
out that size < 4 cm is a predictor of spontaneous
[33]
resolution . Furthermore, a prospective study
including 369 patients found that prognostic factors
for spontaneous resolution of pancreatic pseudocysts
after an episode of acute pancreatitis were mild or
presented no symptoms and a maximum pseudocyst
[56]
diameter < 4 cm . A large pseudocyst size itself does
not necessitate drainage, although pseudocysts > 6
cm persisting for > 6 wk tend to be symptomatic and
[11,12]
have a low likelihood of resolution
. The American
College of Radiology appropriateness criteria in 2009
recommend drainage of complicated pseudocysts
≥ 5 cm that are rapidly enlarging, obstructing, and
[17]
infected . According to the American College of
Gastroenterology guidelines of 2013, asymptomatic
pseudocysts and pancreatic or extrapancreatic ne
crosis regardless of size, location, or extension do not
[5]
require intervention . The asymptomatic patient is
a controversial issue. A wait-and-see policy can be
adopted in patients with asymptomatic pseudocysts or
minimally symptomatic patients, even after the 6 wk

Initial interval cholecystectomy: Patients with
no fluid collections can undergo cholecystectomy
after the inflammatory process has subsided and
[13]
the clinical condition has improved . Laparoscopic
cholecystectomy at index admission is technically
demanding and, due to the inflammatory process, it
is frequently converted to an open procedure. Interval
cholecystectomy probably increases the success rate
of laparoscopic cholecystectomy and makes it safer
[21,24]
for patients with decreased morbidity
. Although
interval cholecystectomy allows the inflammatory
response to resolve, it has been demonstrated that
it cannot lessen severe adhesions, elude difficult
dissection of the cystic duct and artery in Calot’s
triangle, or avoid bleeding, thus resulting in a prolonged
[54]
operating time .
As pseudocyst formation may occur in patients
recovering from an acute episode of severe biliary
pancreatitis, cholecystectomy can be combined with
procedures for internal drainage of pseudocysts if they
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that are required for maturation of a pseudocyst
.
Indications for intervention are symptomatic pseu
docysts with persistent pain, nausea and vomiting, or
complications, such as infection, gastric or duodenal
outlet obstruction, biliary obstruction, rupture and
[16,63]
rapidly enlarging cysts
.
Integrity of the main pancreatic duct and awa
reness of the available techniques help in applying the
most appropriate intervention, among endoscopic,
surgical and image-guided percutaneous techniques.
Pancreatic ductal anatomy is clearly associated with
the outcome of pseudocysts managed by percutaneous
drainage, with favorable outcomes in patients with
normal ducts, and satisfactory outcomes in patients
[41]
with stricture but no cyst-duct communication .
Percutaneous drainage is associated with a high
recurrence rate and risk of secondary infection and
formation of a pancreatic fistula; thus, it is best applied
to infected pseudocysts or patients not suitable for
[64]
an endoscopic or surgical procedure . Percutaneous
drainage alone is associated with therapeutic rates
ranging from 14% to 32%, therefore it is usually
performed as a temporary measure before endoscopic
[17,65]
or surgical management
.
Successful drainage can be achieved with the
endoscopic approach in 82%-100% of pancreatic
pseudocysts, with complications ranging from 5% to
[16,66]
16% and recurrence rates up to 18%
. Due to
high success rates and low complications rates, the
endoscopic approach emerges as the most efficient
method. Transpapillary drainage has been used for
pancreatic pseudocysts communicating with the main
pancreatic duct but it is associated with ERCP-related
complications, contamination of the pseudocyst, and
[16,61]
insufficient drainage of large cysts
. Pseudocysts
> 4 cm require transmural drainage, preferably with
EUS guidance but conventional endoscopy also offers
[61]
good results . Transmural drainage has gradually
become the preferred therapeutic approach for
managing pseudocysts, including the advantages of
cystogastrostomy or cystoduodenostomy (internal
[16]
drainage) . A recent multicenter retrospective study
found that transpapillary drainage of pseudocysts in
patients undergoing EUS-guided transmural drainage
added no benefit to outcomes and adversely affected
[67]
resolution of the pseudocyst .
Transmural drainage can be carried out either by
direct endoscopy or by EUS guidance. Endoscopy by
EUS guidance is increasingly used in particular for
pseudocysts in which there is no definitive luminal
bulge, or when managing patients with portal hyper
[68]
tension or coagulopathy . A recent systematic review
reported mean technical and clinical success rates of
97% and 90%, respectively, mean overall recurrence
rate of 8%, and overall complication rate of 17% for
[69]
EUS-guided drainage . A meta-analysis comparing
EUS-guided drainage with conventional transmural
drainage for pseudocyst found that technical success
rate was significantly higher for EUS-guided drainage
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but not superior to conventional transmural drainage
in terms of short- and long-term success, and overall
[70]
complications were similar in both groups . A
randomized trial comparing patients undergoing EUSguided drainage with conventional transmural drainage
for pseudocysts found a technical success rate of 100%
[71]
and 33%, respectively . A second randomized trial
also found a higher technical success rate for patients
undergoing EUS-guided drainage than for conventional
[72]
endoscopic drainage (94% vs 72%) . While high
clinical success rates have been reported when draining
pseudocysts with endoscopic procedures, clinical
success rates for walled-off necrosis are relatively
poor due to the presence of solid material. Multiple
transluminal gateway treatment is suggested for
walled-off necrosis, thus avoiding the need for surgery
[73]
or endoscopic necrosectomy
or other more complex
procedures. Endoscopic procedures for pseudocyst
drainage are technically feasible only if access to the
pseudocyst through the gastric or duodenal wall can
be achieved; at present performance of an endoscopic
cystjejunostomy is not possible. Patients requiring
more complex management of their pseudocyst are
not candidates for endoscopic procedures. Another
limitation of the endoscopic approach is the inability
to perform an additional cholecystectomy when
necessary, as patients with biliary pancreatitis require
[4]
open or laparoscopic cholecystectomy .
Surgical cystogastrostomy or cystojejunostomy
has been the traditional approach for pseudocyst
management and is still the preferred treatment in
[4,74]
most centers with a success rate of 94%-99%
.
Open or laparoscopic surgical drainage should be
applied after failure of endoscopic methods, for
recurrence after a successful endoscopic drainage, and
in patients who do not meet the criteria for endoscopic
[38]
or percutaneous drainage . Moreover, percutaneous
and endoscopic techniques, if not therapeutic, can
serve as a bridge to surgery and improve patients’
[24]
local and general condition . Laparoscopy is a mini
mally invasive method that achieves sufficient internal
drainage and debridement of necrotic tissue, with
[75]
good results and minimal morbidity . In a large
series on laparoscopic cystogastrostomy, the authors
conclude that laparoscopy has a significant role in the
surgical management of pseudocysts, with favorable
[51]
outcomes . A retrospective study and a randomized
[74,76]
trial, both by Varadarajulu et al
, comparing EUSguided drainage with open surgical cystogastrostomy
found no significant difference in pseudocyst recu
rrence between the two groups. A drawback of these
studies is the implementation of open surgery.
In patients with pseudocysts who have recovered
from an acute episode of moderate to severe biliary
pancreatitis, interval cholecystectomy should be
delayed until the pseudocyst resolves. If it persists
for > 6 wk, operative pseudocyst drainage can be
performed safely at this time with concurrent cholecy
stectomy, thus minimizing the risk for a second inter
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[24]

ventional procedure

.

CONCLUSION

9

The following alternatives are feasible for the treatment
of patients fit for surgery: index cholecystectomy,
interval cholecystectomy, ERCP and endoscopic
sphincterotomy followed by delayed cholecystectomy.
Cholecystectomy is an essential part of dealing with
patients with severe biliary pancreatitis. Current
guidelines recommend delaying cholecystectomy until
resolution of inflammatory process has occurred,
usually not earlier than 6 wk after onset of acute
pancreatitis. It seems that ERCP and endoscopic
sphincterotomy protect patients better than interval
cholecystectomy for recurrent pancreatitis and biliary
episodes, while at the same time providing more
time for the potential pseudocyst either to resolve
or become stable for intervention. The optimal time
point for applying any available pseudocyst treatment
modality is > 6 wk. Recent trends in management of
pseudocysts involve minimally invasive therapeutic
techniques, but surgical approaches are still frequently
used, especially if combined with cholecystectomy at
the appropriate time. EUS and MRCP with secretin
are reliable tools for tailored patient therapy. In
patients unfit for surgery, the application of ERCP and
endoscopic sphincterotomy has better results than
conservative management.
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Inflammatory bowel disease (IBD) is a chronic
relapsing disease in gastrointestinal tract. Conventional
medications lack the efficacy to offer complete
remission in IBD therapy, and usually associate with
serious side effects. Recent studies indicated that
nanoparticle-based nanotherapeutics may offer precise
and safe alternative to conventional medications via
enhanced targeting, sustained drug release, and
decreased adverse effects. Here, we reviewed orally
cell-specific nanotherapeutics developed in recent
years. In addition, the various obstacles for oral drug
delivery are also reviewed in this manuscript. Orally
administrated cell-specific nanotherapeutics is expected
to become a novel therapeutic approach for IBD
treatment.

Supported by the National Natural Science Foundation of China,
No. 51503172 and No. 81571807; the Fundamental Research
Funds for the Central Universities, No. SWU114086 and No.
XDJK2015C067; and the Scientific Research Foundation for the
Returned Overseas Chinese Scholars (State Education Ministry),
the Department of Veterans Affairs (Merit Award to Merlin D);
the National Institutes of Health of Diabetes and Digestive and
Kidney, No. RO1-DK-071594; and Career Scientist Award from
the Department of Veterans Affairs (to Merlin D).
Conflict-of-interest statement: The authors declared no conflict
of interest related to this study.
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
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Key words: Oral administration; Nanotherapeutic; Cellspecificity; Inflammatory bowel disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel disease includes Crohn’s
disease and ulcerative colitis. Nanotherapeutics may
outperform conventional medications via the targeted
drug delivery, sustained drug release, and decreased
adverse effect. The main purpose of this review is to
offer an update of efficacy of the orally administrated
cell-specific nanotherapeutics that have been developed
recently.
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at various stages of IBD, making it very difficult to attain
sufficient therapeutic efficiency. Parallel breakthroughs
in the understanding of the molecular pathophysiology
of IBD and the development of intelligent NPs offer
[10]
tremendous promise for IBD therapy . In this review,
we focus on novel therapeutic approaches using orally
targeted nanotherapeutics and their challenges in GI
tract.
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INTRODUCTION
OBSTACLES FOR ORALLY
NANOTHERAPEUTICS

Inflammatory bowel disease (IBD) is a chronic relapsing
gastrointestinal (GI) disorder with no permanent cure.
It mainly includes Crohn’s disease (CD) and ulcerative
colitis (UC), and affects millions of patients worldwide.
After 30 years of living with this disease, 8% of CD and
18%-20% of UC patients develop colitis-associated colon
cancer, which is the third most common malignancy
[1]
and one of the leading causes of cancer mortality .
Although the etiology of IBD remains largely unknown,
a large amount of researches over the last decades
demonstrated that the individual’s genetic susceptibility,
intestinal microbiota, and immune responses are all
[2]
involved in the pathogenesis of IBD . Conventionally,
IBD is treated by daily administration of high doses
of anti-inflammatory or immunosuppressive drugs.
Some of these treatments are effective in controlling
inflammation. However, their applications have been
restricted by problems with long-term efficacy and
safety issues. For example, as for corticosteroids, a total
daily dose over 20 mg of prednisolone for more than
2 wk is associated with an obvious increased risk of
[3]
infections .
Recently, nanotherapeutics have been recognized
as a promising strategy which can potentially revo
lutionize disease diagnostics and treatments. They
offer significant advantages over traditional approaches
because of their nanometer scale dimension, targeted
drug delivery capacity, controlled drug release, and
[4,5]
decreased adverse effects
. Most importantly,
nanotherapeutics have been found to confer similar
or even better therapeutic impacts at lower drug
[6]
concentrations than their conventional counterparts .
It was reported that oral administration has been
considered as the most convenient approach for colitis
therapy-related drug delivery, as it avoids the pain and
discomfort associated with injections, minimizes the
potential for contamination, and is applicable for a self[7]
medication that can be fully controlled by patients .
Accordingly, orally targeted nanotherapeutics have
been developed.
The challenges for oral drug delivery are to ensure
drug formulations to remain stable in the GI tract,
transport adequate amount of active drugs to the
specific sites, minimize systemic absorption of the
[8]
drugs, and lower the risk of adverse side effects . The
earliest nanotherapeutics designed for IBD-targeted
therapy are based on the physiological features that are
[9]
particular to colon to trigger drug release . However,
physiological conditions can differ among patients and
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GI tract

After oral administration, NP-based nanotherapeutics
pass through the esophagus, the stomach, the small
intestine and the colon, successively. The pH in the
passage ranges from strongly acidic in the stomach (pH
1.5-1.9), to almost neutral in the small intestine, and
[11]
then slightly acidic (pH 5-7) in the colon . Therefore,
NPs have to be stable over a wide pH range. In
addition, they also encounter digestive enzymes in
stomach (e.g., pancreatic enzymes), bicarbonate and
bile salts in the small intestine, as well as abundant
microbial population in colon. All of these contents in
the GI tract can destabilize NPs and further reduce the
[12,13]
effectiveness of their loaded drugs
. Besides, the
semi-solid contents in colonic lumen prevent NPs from
diffusing into the inflamed sites.

Mucus

The mucus on the surface of colon epithelial layer is
highly viscoelastic and adhesive, and forms a thick
[14]
layer (830 ± 110 μm) . It is mainly composed
of mucins and lipids, and acts to trap and remove
[15]
bacteria, viruses, and foreign matters . In healthy
colon, there is a continuous mucus which has two
layers of sub-structures: the outer is a loosely adhe
rent layer for bacterial adhesion; while the inner is
a tightly adherent layer, normally sterile. In colon
tissue with IBD, there is a marked increase in bacteria
[2,16]
associated with colonic adherent mucus layer
.
[17]
Maisel et al
developed an unmodified NPs that
were mucoadhesive (mucoadhesive particles, MAP),
and a PEG-coated NPs which were non-mucoadhesive
(mucus-penetrating particles, MPP). In comparison to
MAP, MPP tended to penetrate in the GI tract, including
[18]
colitis tissue. In addition, Ijssennagger et al demon
strated that hydrogen sulfide, mainly produced by
sulfate-reducing bacteria, reduced disulfide bonds
presented in the mucus network, thereby breaking
the mucus barrier. Reduction of disulfide bonds in the
gut lumen might represent an exciting method for the
penetration of NPs to mucosa.

Epithelial enhanced permeability and retention effect

Inflamed colon is associated with disruption of the
intestinal epithelial layer and accumulation of immune
cells, leading to the loss of barrier function and
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[19]

increased epithelial permeability . NPs are likely to
penetrate into the gaps among epithelial cells, thus
increasing the local drug concentration and exerting
therapeutic effects there. This phenomenon is called
“epithelial enhanced permeability and retention”
[20,21]
effect
. This effect is size-dependent, showing a
maximum efficacy in the nano range. Furthermore,
in comparison to free drugs in solution or suspension,
drug-loaded NPs were shown to accumulate to a
greater extent in inflamed tissues and prolong thera
[20]
peutic effects . Additionally, anti-inflammatory
chemical drugs loaded into NPs also showed enhanced
cellular uptake by cells in colitis tissues, due to pro
tection of the drugs from efflux systems and mucosal
[22]
metabolism .

stearylated nuclear localization signals, and their further
studies showed that such vectors could effectively
deliver plasmid DNA into nuclei. The maximum trans
fection efficiency of these vectors was 80% of that of
TM
jetPEI .

NANOTHERAPEUTICS FOR IBD
Conventional NPs

Polyester NPs: Polylactic-co-glycolic acid (PLGA) and
polylactic acid (PLA), FDA-approved biodegradable
polyesters, have the capacity to encapsulate
hydrophilic or hydrophobic drugs to form NPs. Thus,
they have been commonly used as drug carrier
[5,30,31]
materials
.
[32]
Mahajan et al
loaded mesalamine into PLGA
NPs, and they further administered them once a
day to rats with colitis through oral administration or
intracolonic administration. It was found that these
NPs exerted much higher efficiency in mitigating
colitis, in comparison to the free drug in suspension.
In addition, the researchers also demonstrated that
the mesalamine-loaded PLGA NPs showed selective
adherence and enhanced drug accumulation into colitis
tissues.

Cellular uptake

NPs generally undergo cellular internalization by
paracellular transport or endocytosis into epithelial
cells in the GI tract. In the context of cellular uptake
by inflamed colon, endocytosis might be the main NP
cellular uptake approach. Endocytosis can be triggered
by the interaction between the surface moieties of
NPs and the specific receptors, which are highly overexpressed on the surface of IBD therapy-related key
cells in colitis tissue. Critically, the internalization and
transportation of NPs may be enhanced by the specific
[23]
targeting to these receptors .

Silicon NPs: Silicon NPs have been widely used as
drug vectors since they possess a range of beneficial
features for drug delivery, including well-controlled size
and size distribution, easily surface functionalization,
and negative cytotoxicity, as well as large surface
area and pore volume that facilitate drugs to be
[33]
encapsulated .
[34]
Moulari et al
prepared 5-aminosalicylic acidloaded silica NPs (around 140 nm), which showed
6-fold better adherence to inflamed colon than tissues
from the healthy control mice after oral administration.
In trinitrobenzene sulfonic acid (TNBS)-induced colitis
mouse model, the NPs tended to accumulate in inflamed
sites, and exerted excellent therapeutic efficacy in terms
of clinical activity score and myeloperoxidase activity
at lower drug doses than those applied in conventional
delivery.

Endosomal escape

NPs are entrapped in endosomes after internalization
into cells. Subsequently, proton pump, an integral
membrane protein, moves protons across the endo
some membrane, inducing the pH continuously
[24]
decrease from 7.2-7.4 to 4.5-5.0 . To avoid their
degradation in endosome, many therapeutics (e.g.,
protein, plasmid DNA and siRNA) have to escape
from the endosome into the cytosol, where they can
[25]
associate their targets .
To induce efficient endosomal escape, a common
strategy is to introduce chemical groups with protonsponge effect to NPs. Our group previously synthesized
a mannosylated bioreducible cationic polymer (PPM)
and further spontaneously assembled NPs with siRNA
assisted by sodium triphosphate (TPP). In these TPPPPM/siRNA NPs, the abundant primary and tertiary
amine groups in PPM can promote endosomal escape
[26]
efficiently .

COMPLEX NPS
pH-sensitive NPs: pH-sensitive NPs take advantage
of the pH differences in different regions of the GI
[35]
tract . The pH in the terminal ileum and colon is
generally higher than that in any other regions of the
GI tract. One of the simplest ways to modify dosage
forms for pH-dependent drug delivery is to coat them
with pH-sensitive biocompatible polymers.
[36]
Ali et al
showed that budesonide-loaded PLGA
NPs that were further coated with Eudragit S100 (Figure
1a upper) significantly alleviated inflammation in the
dextran sulfate sodium (DSS)-, TNBS- and oxazoloneinduced mouse colitis models. A pH-sensitive NPs can

Nuclear localization

After escaping from the endosome, drugs often have
to enter certain organelles in order to exert their
functions there. Nuclear entry is a prerequisite for
some drugs, such as inhibitors of transcription or
[27]
the cell cycle . For instance, plasmid DNA must be
transported into the nucleus. Otherwise, transcription
[28]
cannot occur .
[29]
Wang et al
synthesized a series of N-terminal
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B

PCL

Drug
pH-sensitive polymer

Drug-loaded NP

Polyester

NiMOS
pH-sensitive NP

C

D
Hydrogel

ROS-sensitive polymer

Drug-loaded NP
Drug-loaded NP

ROS-sensitive NPs
NPs in hydrogel

Figure 1 Various types of complex NPs for oral drug delivery. A: pH-sensitive NP; B: NiMOS; C: NPs in hydrogel; D: ROS-sensitive NP.

also be produced by mixing a pH-sensitive polymer
and a non-pH-sensitive polymer in the NP fabrication
[37]
process (Figure 1a lower). Beloqui et al
found that
curcumin-loaded Eudragit S100/PLGA NPs showed
obvious pH sensitivity profiles and efficiently decrease
the expression/secretion of TNF-α in lipopolysaccharideactivated macrophages. Critically, oral administration of
these pH-sensitive NPs significantly reduce neutrophil
infiltration and TNF-α secretion in DSS-induced colitis
mice. Additionally, histological studies revealed that
the treatment mice exhibited almost the same colonic
structure morphology as that observed in the healthy
control group.

results based on a DSS-induced colitis mouse model
demonstrated that the above NiMOSs remarkably
suppressed the expression levels of TNF-α and other
pro-inflammatory cytokines (e.g., IL-1β, IFN-γ, and
monocyte chemotactic protein-1), and increased the
body weight and colon length, in comparison to DSStreated control mice. These results indicated that
siTNF-loaded NiMOS could be a valuable therapeutic
option for IBD patients.
NPs in hydrogel: Hydrogels are highly absorbent
polymeric networks, and they can contain over 90%
water. Chitosan and alginate are biocompatible and
biodegradable polysaccharides, and used to prepare
[44]
oral hydrogel by Merlin’s group . This chitosan/
alginate hydrogel was sensitive to the colonic pH and
could also be degraded by colonic enzymes. Thus it
would collapse when they arrived at colon.
[45]
Laroui et al
embedded Lysine-proline-valine
(KPV)-containing PLA NPs in this hydrogel (Figure 1c).
Under its protection, NPs were able to pass through
the stomach and upper small intestine, and were
released in the inflamed colon. Using this improved
NPs in hydrogel system, a 12000-fold lower dose was
sufficient to ameliorate mucosal inflammation in mice
subjected to acute DSS-induced colitis, in comparison
to free KPV in solution.

NP-in-microparticle: Recently, Amiji’s group
developed a colon-targeted drug formulation named
the NP-in-microparticle (MP) oral drug delivery
[38]
system (NiMOS), as demonstrated in Figure 1b .
A multi-compartmental NiMOS drug delivery system
consists of gelatin nanoparticles encapsulated within
[39]
polyε-caprolactone (PCL) MPs . The MP matrix
inhibits protein/enzyme degradation, and thus avoids
the harsh environment of the GI tract capable of
destroying the embedded NPs. When NiMOS reaches
the colon, lipases degrade the PCL coating and the
encapsulated NPs will be released to colon, which
would become available for the uptake by colonic
[40-43]
cells
.
[43]
Kriegel et al
prepared TNF-α siRNA (siTNF)loaded gelatin NPs, and further encapsulated them in
PCL matrix to yield NiMOSs. The animal experiment
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Reactive oxygen species-sensitive NPs: IBD is
accompanied by abnormally high reactive oxygen
species (ROS) level in the GI tract, especially in the
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Table 1 Ligands for orally targeted drug delivery in inflammatory bowel disease
Ligand

Delivery system

Lectin

PLGA

TfR antibodies
CD98 antibodies
Mannose
Galactose

F4/80 Ab Fab'
Amphiphilic
hyaluronic acid

Effect

Exhibited a much higher binding and selectivity to inflamed tissue compared to
plain NPs
Liposomes
Exhibited mucopenetration and a 4-fold increase in uptake by inflamed colon
tissues
PEG–urocanic acid-chitosan
Approximately 24% of colonic macrophages were found to have taken up the
targeted NPs within 12 h of administration
Branched polyethylenimine
29.5% of the NPs were internalized by colon macrophages
Trimethyl chitosan-cysteine
Cellular uptake in activated macrophages was significantly higher for Galactose
trimethyl chitosan-cysteine/TPP NPs compared to trimethyl chitosan-cysteine/
TPP NPs
Poly(lactic acid)-poly(ethylene glycol)
Improved DSS-induced colitis in vivo, and higher therapeutic efficacy was
block copolymer
obtained using Fab'-bearing NPs compared to non-conjugated NPs
Decylamine
Budesonide loaded HANPs demonstrated higher anti-inflammatory effect on IL-8
and TNF-α secretion in inflamed cell model compared to the same dose of free
drug

Ref.
[54]
[58]
[66]
[26]
[75]

[77]
[78]

TfR: Transferrin receptor; PLGA: Polylactic-co-glycolic acid.

Lectin

[46]

inflamed areas . The excessive ROS can degrade the
[47]
extracellular matrix and injure tissues . Based on this
fact, ROS-sensitive NPs (Figure 1d) are supposed to
specifically release loaded drugs to inflamed colon or
scavenge ROS.
[48]
Wilson et al
synthesized poly(1,4-phenylenea
cetone dimethylenethioketal) (PPADT), which is a
novel ROS-sensitive polymer. PPADT were further used
to encapsulate siTNF/DOTAP complexes to generate
thioketal NPs (TKNs). In a DSS-induced colitis mouse
model, the mRNA expression levels of TNF-α and
several other pro-inflammatory cytokines (IL-1, IL-6
and IFNγ) were significantly decreased and DSSinduced acute colitis was efficiently ameliorated after 5
days of oral administration of TKNs (0.23 mg siRNA/kg
[49]
body weight) .
It was also reported that antioxidant compounds
[50,51]
and free radical scavengers improved colitis
. Vong
[52]
et al
synthesized a novel antioxidative nitroxide
O
radical-containing NP (RNP ) with a diameter of 40
nm. The further mice experiments indicated that the
extent of inflammatory reactions and the severity of
colitis have been relieved after oral administration of
O
RNP .

Lectin is a type of naturally occurring protein that is
highly specific for carbohydrate residues. It has been
widely used as a ligand facilitating colon-specific drug
delivery.
[54]
Moulari et al
prepared two types of lectin-func
tionalized NPs that were peanut (PNA)-functionalized
NPs and wheat germ (WGA)-functionalized NPs. Ex
vivo quantitative adhesion analyses showed that lectinfunctionalized NP exhibited a much higher binding
and selectivity to inflamed tissue compared to plain
NP. In terms of therapeutic efficacy, all glucocorticoid
containing formulations revealed an enhanced ther
apeutic effect with lectin functionalization, especially by
the PNA-NP compared to plain NP.

Transferrin receptor antibody

Healthy colon tissue has low expression level of
transferrin receptor (TfR), whereas inflamed colon
overexpresses TfR. Its elevated expression was
detected in both basolateral and apical membranes
of enterocytes from the colon biopsies of IBD patients
[55]
and rats with colitis . In addition, TfR levels are
also found to be elevated in activated immune cells
[56,57]
(e.g., lymphocytes and macrophages)
. Thus, it is
reasonable to speculate that TfR could be used as a
targeting receptor for colitis-targeted drug delivery.
[58]
Harel et al
investigated the ex vivo adhesion
capacity of anti-TfR antibody-functionalized immu
[59]
noliposome to inflamed mucosal tissue . The results
indicated that this liposome exhibited mucopenetration
and a 4-fold increase in uptake by colitis tissues from
TNBS-induced colitis mice, compared to healthy colon
tissues.

LIGAND-MEDIATED TARGETED DRUG
DELIVERY
To further reduce side effects and increase the drug
concentration at inflamed sites, researchers have
[53]
sought to induce active targeting . The interactions
between targeting ligands on the NPs surface and
specific receptors over-expressed at inflamed sites
are expected to improve the bioadhesion and the
internalization of NPs to specific cells. Various ligandmediated targeted drug delivery systems are compared
in Table 1, and their targeted drug delivery process is
shown in Figure 2.
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CD98 antibody

CD98 is a heterodimeric neutral amino acid transporter,
which consists of a heavy chain (CD98hc or SLC3A2)
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Targeted NP

Colonic lumen

Lectin receptor
Transferrin receptor
CD98
CD44
…

“eEPR” effect

Colonic epithelial cells

Lectin receptor
Transferrin receptor
CD98
Mannose receptor
Galactose receptor
CD44
…

Macrophages

Mucosa side

Figure 2 Schematic illustration of cell-specific drug delivery by nanotherapeutics after oral administration.

and one of several versions of the L-type amino acid
[60]
transporter 1 . In colonic tissues from mice with
active colitis, the expression level of CD98 is highly up+
regulated at the surface of intestinal B cells, CD4 T
+
[61-63]
cells, and CD8 T cell
. Additionally, CD98 is over[64]
expressed in intestinal macrophages
and colonic
[61,65]
epithelial cells from mice with colitis
.
[66]
Recently, Xiao et al
fabricated an orally delivered
hydrogel that releases CD98 antibody-functionalized NPs
with the diameter of around 200 nm. In mice with acute
or chronic colitis, orally administrated CD98 antibodyfunctionalized NPs significantly reduced the CD98
expression level in colitis tissue. Further studies revealed
that about 24% of colonic macrophages internalize
the targeted NPs within 12 h after oral administration,
and the severity of colitis was significantly alleviated
compared to the DSS control group.

TPP-PPM/siTNF NPs exhibited obvious macrophagetargeting property. Further ex vivo experiment indicated
that these NPs markedly inhibited TNF-α secretion in
DSS-induced colitis tissues. Importantly, flow cytometry
results showed that TPP-PPM/siTNF NPs were efficiently
taken up by macrophages (29.5%), whereas there was
no significant uptake by the epithelial cells.
Another study presented the similar result by Huang
[71]
et al . They fabricated a drug formulation by cationic
konjac glucomannan (cKGM), phytagel and an antisense
oligonucleotide (ASO) against TNF-α. The unique
swelling properties of cKGM induced the spontaneous
release of cKGM/ASO NPs from the phytagel matrix to
colon lumen. Subsequently, mannose groups can be
recognized by MRs that are abundant on the surface
of macrophages. The treatment of this oral drug
formulation significantly decreased TNF-α expression
level and alleviated the symptoms of colitis in DSStreated mice.

Mannose

The mannose receptor is a 175-kDa transmembrane
protein, and it is exclusively expressed on the surfaces
[67]
of macrophages . MRs have high-affinity binding to
[61]
infectious agents with terminal mannose groups .
Moreover, this receptor can also bind to mannosefunctionalized NPs, inducing the subsequent rapid
[68]
internalization . Numerous reports demonstrated
that the functionalization of mannose on NP surface
provides selective macrophage targeting and promotes
[69,70]
cell internalization efficiency
.
[26]
Xiao et al synthesized a mannosylated bioreducible
cationic polymer (PPM). It could spontaneously complex
with siRNA to form NPs assisted by TPP. The resultant
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Galactose

It was reported that galactose receptor is highly
overexpressed on the surface of activated macro
[72,73]
[74]
phages
. Recently, Zhang et al
fabricated
galactosylated trimethyl chitosan-cysteine (GTC) NPs
loaded with siRNAs against mitogen-activated protein
kinase kinase kinase kinase 4 (MAP4K4), which is
a key enzyme of TNF-α production. In vitro results
showed that the cellular uptake efficiency of GTC/TPP
NPs was significantly higher than that of trimethyl
chitosan-cysteine/TPP NPs, owing to galactose receptormediated endocytosis. Further in vivo experiments
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specific delivery of drugs to inflamed colonic tissues or
IBD therapy-related key cells. Specifically, there is a
need for further investigation of the pathophysiology
of IBD (especially in the molecular level) and the
development of intelligent NPs.

demonstrated that oral administration of siMAP4K4loaded GTC/TPP NPs obviously improved DSS-induced
colitis, as characterized by body weight, histology, and
myeloperoxidase activity.

F4/80 antibody

F4/80 is one of the vital macrophage-specific markers,
and its antibody has been widely applied to sepa
[75,76]
[77]
rate macrophages
. Laroui et al
synthesized
poly(lactic acid)-poly(ethylene glycol) block copolymer
(PLA-PEG), and then conjugated with a macrophagespecific ligand (F4/80 Ab Fab’) via maleimide/thiol
group-mediated covalent bonding. They further used
this polymer to encapsulate TNF-α siRNA (siTNF) to
obtain F4/80 Fab’-functionalized siTNF-loaded NPs. Oral
administration of siTNF-loaded NPs markedly improved
DSS-induced colitis, and exhibited much higher
therapeutic efficacy for F4/80 Fab’-functionalized NPs,
in comparison to non-functionalized NPs. Further flow
cytometry experiments indicated that functionalization
of F4/80 Fab’ significantly improved their macrophage
targeting ability and the endocytosis of these NPs.
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Abstract

Sophie Restellini, Division of Gastroenterology and Hepatology,
Geneva’s University Hospitals and University of Geneva, 1205
Genève, Switzerland

Emerging data have highlighted the co-existence of nonalcoholic fatty liver disease (NAFLD) and inflammatory
bowel disease; both of which are increasingly prevalent
disorders with significant complications and impact
on future health burden. Cross-section observational
studies have shown widely variable prevalence rates
of co-existing disease, largely due to differences in
disease definition and diagnostic tools utilised in the
studies. Age, obesity, insulin resistance and other
metabolic conditions are common risks factors in
observational studies. However, other studies have
also suggested a more dominant role of inflammatory
bowel disease related factors such as disease activity,
duration, steroid use and prior surgical intervention, in
the development of NAFLD. This suggests a potentially
more complex pathogenesis and relationship between
the two diseases which may be contributed by factors
including altered intestinal permeability, gut dysbiosis
and chronic inflammatory response. Commonly used
immunomodulation agents pose potential hepatic
toxicity, however no definitive evidence exist linking
them to the development of hepatic steatosis, nor are
there any data on the impact of therapy and prognosis
in patient with co-existent diseases. Further studies are
required to assess the impact and establish appropriate
screening and management strategies in order to allow
early identification, intervention and improve patient
outcomes.
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hepatotoxicity, steroid exposure, malnutrition and gut
[10,11]
dysbiosis
. This article examines the prevalence,
risk factors and the clinical implications relating to the
coexistence of NAFLD in IBD patients.

Core tip: This article reviews the current available
literature on issues relating to the co-existence of nonalcoholic fatty liver disease and inflammatory bowel
disease with particular focus on the prevalence, risk
factors and the clinical implications.

EPIDEMIOLOGY: PREVELANCE OF NAFLD
IN IBD

Chao CY, Battat R, Al Khoury A, Restellini S, Sebastiani G,
Bessissow T. Co-existence of non-alcoholic fatty liver disease
and inflammatory bowel disease: A review article. World J
Gastroenterol 2016; 22(34): 7727-7734 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i34/7727.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i34.7727

Cross-sectional studies reported a prevalence of
[12-14]
NAFLD in IBD ranging between 6.2% and 40%
.
A summary of the major studies are provided in
table 1. This discrepancy is largely owed to different
definitions and diagnostic tools adopted for NAFLD.
Liver fibrosis has been reported in 6.4%-10% of IBD
patients, however limited data are available for fibrosis
[15,16]
specifically relating to underlying NAFLD
. Several
studies evaluated NAFLD in IBD using ultrasonography,
which has an 85% (95%CI: 79.5%-88.9%) sensitivity
and 94% (95%CI: 87.2%-97%) specificity for
[17]
NAFLD . A one year, single center nested case
controlled study analyzed 928 IBD patients who had
[13]
any abdominal imaging and found 7.2% had NAFLD .
All included patients did not have clinically significant
alcohol consumption to minimize confounding appea
rance of hepatic steatosis on imaging. Mean age, age
at diagnosis, body mass index (BMI) and prevalence
of MS were greater in NAFLD patients. Risk factors
for NAFLD in IBD were small bowel surgery (OR =
3.7, 95%CI: 1.5-9.3, p = 0.005), hypertension (OR
= 3.5, 95%CI: 1.5-8.1, p = 0.004) obesity (OR =
2.1, 95%CI: 1.05-4, p = 0.035) and steroid use at
imaging (OR = 3.7, 95%CI: 1.5-9.3, p = 0.005).
Confounding factors such as nutrition and lifestyle
factors were not accounted for in this study. In a large,
single-center study of 511 IBD patients, liver steatosis
was found in 40% of patients (p < 0.001 vs healthy
[14]
controls) . In this study, patients with underlying
MS and obesity (BMI > 30) were excluded however
assessment of nutritional status and physical activity
among the cohorts were again not available. Other
studies have found 13%-16% rate of hepatic echo[18,19]
bright patterns in IBD
. Several studies have used
liver enzymes derangements to detect NAFLD in IBD,
[20]
which have poor predictive value to exclude NAFLD .
A one-year prospective analysis of 200 UC patients
found 40% with abnormal liver enzymes, with liver
[21]
biopsy revealing NAFLD in 11.2% of these patients .
A five-year prospective study of IBD (401 UC, 385
[12]
CD) showed 15.3% had abnormal liver enzymes .
Ultrasonography of these patients revealed 40.8%
had NAFLD, representing 6.2% of all patients. These
two studies are also limited by lack of evaluation on
relevant confounding factors.
A study from our group using the validated hepatic
steatosis index (HSI) longitudinally followed 321
[22]
IBD patients over 7 years (217 CD, 104 UC) . HSI,
defined as: 8 × AST/ALT + BMI (+2, if female; +2, if
diabetes), was applied to diagnose hepatic steatosis if

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a spec
trum of disorders ranging from hepatic steatosis to
steatohepatitis (NASH) with associated inflammation
and may lead to liver fibrosis along with potential
progression to cirrhosis, hepatic failure and hepato
[1-3]
cellular carcinoma . Currently, NASH is the second
leading etiology of liver disease among adults awaiting
liver transplantation in the United States and is
predicted to become the leading indication for liver
[4]
transplant in the near future . The epidemic of NAFLD
in the general population is partly due to the increase
in diabetes, dyslipidemia, and obesity. Liver biopsy
has long been the gold standard to assess NAFLD and
to stage liver fibrosis but this procedure is invasive,
[5]
costly and not very practical for screening . Other
non-invasive methods to diagnose fatty liver and liver
fibrosis have been used including serum biomarkers,
ultrasound (US), computed tomography and magnetic
resonance imaging. NAFLD is largely asymptomatic
until end-stage complications occur. Hence, identi
fication of risk factors, early diagnosis and interven
tion are pivotal in the management of this common
disease.
Inflammatory bowel disease (IBD), consisting of
ulcerative colitis (UC) and Crohn’s disease (CD), is an
increasingly prevalent intestinal disorder with signi
ficant co-morbidities. North America has the highest
prevalence and incidence rates of IBD worldwide
which translate into a significant health care related
[6,7]
cost . Elevated transaminases in IBD patients are
[8]
frequent , with NAFLD being the most common
[9]
cause . There are some emerging data suggesting
an increase in prevalence of NAFLD in IBD patients
compared to the general population, although this is
not yet clearly established. Some have attributed this
to a general increase of metabolic syndrome (MS) or
the increasingly successful IBD therapy in achieving
remission and improved nutritional status. However,
the pathogenesis of NAFLD in the IBD population
may be more complex involving disease-specific risk
factors, such as chronic inflammation, drug-induced
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Table 1 Prevalence of non-alcoholic fatty liver disease and fibrosis in inflammatory bowel disease reported by major studies since
1990
Ref.

Diagnostic method

No. of
patients

Mean age

Ultrasound

786

44

Ultrasound/CT/MRI

928

Bargiggia et al[14]

Ultrasound

511

de Fazio et al[18]

Ultrasound

74

Riegler et al[19]

Ultrasound

484

Ultrasound
Hepatic steatosis
index/Fibrosis-4 score

200
321

44 (NAFLD)
42
(Non-NAFLD)
38 (CD)
39 (UC)
35 (CD)
39 (UC)
38 (CD)
41 (UC)
31
33.7

Gisbert et al[12]
Sourianarayanane et al[13]

Yamamoto-Furusho et al[21]
Bessissow et al[22]

Gender
(male)

41%

55%
57%
53%
47%

IBD type
49% (CD)
51% (UC)
53% (CD)
47% (UC)
61% (CD)
39% (UC)
32% (CD)
68% (UC)
35% (CD)
65% (UC)
UC
68% (CD)
32% (UC)

Mean BMI

30.4 (NAFLD)
27
(Non-NAFLD)
21 (CD)
21.6 (UC)

22.2

NAFLD
prevalence

Fibrosis

40.8%

-

8.2%

-

39.5% (CD)
35.5% (UC)
12.0% (CD)
16.6% (UC)
8.9% (CD)
13.6% (UC)
11.2
33.6%
(Incidence)

7.4%

NAFLD: Non-alcoholic fatty liver disease; IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; CT: Computed tomography; MRI:
Magnetic resonance imaging.

the score is ≥ 36. We found the incidence of NAFLD
was 33.6% or 9.1/100 patient-years (PY), compared
with 0.029 to 3.1/100 PY in the general population.
Of those with NAFLD, 7.4% developed advanced liver
fibrosis (Fibrosis-4 score > 3.25). The average BMI
was 22.2, similar between those who did not develop
NAFLD; although we did not capture other nutritional
and lifestyle data. NAFLD development was predicted
by active disease (HR = 1.58, 95%CI: 1.07-2.33),
longer disease duration (HR = 1.12, 95%CI: 1.03-1.23)
and prior IBD-related surgery (HR = 1.34, 95%CI:
1.04-1.74). Anti-tumor necrosis factor alpha (AntiTNFα) therapy trended toward predisposing to NAFLD
(HR = 1.69, 95%CI: 0.99-2.9, p = 0.056). There was
no association between the incident of NAFLD and
steroids use. However, steroid use was defined as use
at any point prior to a NAFLD diagnosis, which may
not appropriately characterize those with repeated or
prolonged steroid use.

linked to the development of IBD. Similarly several
single nucleotide polymorphisms have been found
through genome wide association studies that may
contribute to the development of NAFLD. There does
not however appear to be any definite overlap of
genetic predisposition in these two populations, albeit
this has not been directly evaluated. Other factors,
such as MS, microbial dysbiosis, immune activation,
and medications on the other hand may be exert more
influence in the coexistence of these two disorder and
these topics will be discussed in the following sections.

MS

An overlap of the metabolic risk factors for type 2
diabetes and for atherosclerotic cardiovascular disease,
such as abdominal obesity, hyperglycemia, dyslipidemia
and hypertension have led to the concept of the MS.
Its cardinal pathophysiology is insulin resistance
due to obesity. NAFLD is thought to be the hepatic
manifestation of MS. A recent study demonstrated the
prevalence of MS in IBD patients was comparable to
[25]
that of the general population (18.6%) . Potential
confounding factors, including exercise, sleeping,
alcohol intake and smoking did not differ significantly
between IBD patients with or without MS; nutritional
factors were not assessed by the study. In addition,
a trend toward a higher prevalence of MS was found
in UC (23%) patients compared to CD (7.1%) patient
and in male IBD patients (21.1%) compared to
female patients (12.9%). Another study found the
prevalence of MS was 10.3% under 45 years of age
[26]
and 55% over 45 years of age . Furthermore, they
found that it was more prevalent in patients with UC
(29.5%) than in patients with CD (17.7%). This study
however did not account for potential confounding
lifestyle characteristics. A North American study found
that the prevalence of MS was lower among their
IBD patients both with and without NAFLD compared

PATHOGENESIS
Although the pathogenesis for IBD and NAFLD are
both poorly understood, these disorders are likely to
have arisen from complex interaction of polygenic
predisposition with multiple environmental factors.
For NAFLD, it is postulated that hepatic steatosis
may have developed from insulin resistance and the
associated metabolic disturbances leading to fatty
[23]
infiltration in the liver . Oxidative damage, immune
activation, dysregulated cytokine and apoptosis
pathways, are among other processes, further
contribute to hepatic insult and fibrogenesis leading
to NASH; the so called multi-hit hypothesis. IBD is
characterised by dysregulated immune activation
through host microbiota dysbiosis and environmental
[24]
triggers in a genetically predisposed individual .
More than 200 genetic polymorphisms have been
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Anti-tumor necrosis factor
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Age/gender
Excessive alcohol
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Figure 1 Potential pathogenic factors contributing to the coexistence of non-alcoholic fatty liver disease and inflammatory bowel disease. NAFLD: Nonalcoholic fatty liver disease; IBD: Inflammatory bowel disease.

small bowel bacterial overgrowth in these patients.
As such, alteration of gut microbiota may act as a
pathogenic link between IBD and NAFLD. This makes
one suspect that an active inflammatory process could
drive fatty infiltration of the liver. Similar association
[28]
have been made between psoriasis and NAFLD .
Duration of IBD was another independent predictor
of development of NAFLD in the aforementioned
[22]
Bessissow et al
study. Longer disease duration
exposes patients to multiple risk factors for NAFLD,
including chronic relapsing inflammation, alteration of
gut microbiota and hepatotoxic drugs. In particular,
oxidative stress from reactive oxygen species may
also be the common pathogenic factor contributing the
consistence of NAFLD and IBD. Along the same lines,
prior surgery was also independently associated with
incident NAFLD. This is most likely a surrogate marker
of the severity of the disease with a more active
inflammatory condition. Those patients will also tend
to be exposed to hepatotoxic medications repeatedly.
NASH development following extensive small bowel
resection in non-IBD patients has also been pre
viously described and may be related to nutritional
deficiencies akin to those patients with bariatric bypass
[29]
procedures . Table 2 summarises the reported risk
factors for NAFLD in IBD and figure 1 depicts the
hypothesized pathogenic factors of NAFLD in IBD.

Table 2 Reported risk factors of non-alcoholic fatty liver
disease in inflammatory bowel disease patients
Risk factors
Small bowel surgery[13]
Hypertension[13]
Obesity[13]
Steroid use[13]
Active disease[22]
Duration of IBD[22]
Prior IBD surgery[22]
Anti-TNFα use[22]

OR/HR (95%CI)

P value

OR = 3.7 (1.5-9.3)
OR = 3.5 (1.5-8.1)
OR = 2.1 (1.05-4.0)
OR = 3.7 (1.5-9.3)
HR = 1.58 (1.07-2.33)
HR = 1.12 (1.03-1.23)
HR = 1.34 (1.04-1.74)
HR = 1.69 (0.99-2.90)

0.005
0.004
0.035
0.005
0.020
0.010
0.020
0.056 (Trend to
significance)

IBD: Inflammatory bowel disease; TNFα: Tumor necrosis factor α.

[13]

to the general United States population . MS thus
may not be the only dominant factor contributing the
coexistence of NAFLD in IBD patients. Nevertheless,
early identification and intervention of these metabolic
factors may reduce the development of complications
associated with NAFLD.

IBD disease factors: Inflammation and dysbiosis

NAFLD in IBD patients was predicted by diseasespecific factors in the aforementioned studies which
included disease activity and duration, along with
prior IBD related or small bowel surgery, steroid
and possibly anti-TNFα use. The etiology of IBD
and factors provoking exacerbation are still partially
understood. Intestinal microbiota have emerged as
a key player in the pathogenesis of IBD. Alteration
of gut microbiota has been associated with disease
[27]
activity . On the same line, NAFLD is associated
with increased intestine permeability, and this
abnormality is related to the increased prevalence of
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NAFLD and the interactions with IBD therapeutic agents

Glucocorticoids: Glucocorticoid analogues (GC)
are commonly used as induction agents for the
management of IBD and a subset of patients with
poorly controlled disease may have repeated or
prolonged exposure. They have profound metabolic
effects on carbohydrate and lipid metabolism which
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may result in the development of MS and potentially
NAFLD. In vitro studies have demonstrated that GC
may induce lipogenesis and steatosis in hepatocytes
via several mechanisms including up-regulation of
fatty acid synthase and acetyl-CoA carboxylases 1
[30]
and 2 . GC and high fat diet in rodent models also
can synergistically exacerbate the development of
[31]
NAFLD and hepatic fibrosis . However evidence
linking GC and NAFLD in human studies are less direct.
No prospective clinical study has shown GC use as
an independent risk factor for NAFLD. Only 20% of
patients with Cushing’s syndrome, associated with GC
[32]
use, have radiological evidence of NAFLD . Similarly
plasma cortisol concentrations do not differ significantly
[33]
in NAFLD or obese patients as compared to controls .
[13]
The retrospective study by Sourianarayanane et al
found steroid use at the time of US imaging was an
independent risk factor for NAFLD (OR = 3.7, 95%CI:
1.5-9.3) in the IBD population, however this was not
consistently found in other observational studies. Even
though no clear guidelines have been established,
corticosteroid should be cautiously used in patients
with existing metabolic risk factors.

most effective induction and maintenance agents for
IBD. It has been postulated that anti-TNFα may protect
against NASH. Infliximab has been shown to reduce
steatosis and increase insulin signal transduction in
[40]
rodents on high fat diet . Furthermore infliximab also
reduced hepatic inflammation, necrosis and fibrosis
in NASH rodents induced by methionine and choline
[41]
deficient diet . Similar effects were also shown with
[42]
the use of adalimumab . Finally pentoxifylline, a
nonselective phosphodiesterase inhibitor that reduced
TNF production, has also been reported to induce
biochemical liver enzymes improvement in NASH
[43]
patients . On the other hand there are case series
reporting the development of biopsy-proven NAFLD
in patients receiving anti-TNFα despite no changes
in metabolic profiles from improved disease control
and enhanced nutrition. In one of the aforementioned
NAFLD prevalence studies, there was a trend to
significance with the use of anti-TNFα as a risk factor,
whereas others did not show any statistically significant
associations and one study showed that it may have
a protective effect. No clear conclusions thus could be
reached on the effect of anti-TNFα in NAFLD/NASH due
to the conflicting evidence.

Methotrexate: Methotrexate (MTX) is a folate
antagonist which competitively inhibits dihydrofolate
reductase and interferes with purine and pyrimidine
synthesis, resulting in anti-inflammatory and other
effects. It can be used as an induction and main
tenance monotherapy for the treatment of IBD, or
[34]
as combination therapy with anti-TNFα agents .
15%-50% of patients on methotrexate may develop
changes in liver enzymes, although most are selflimiting and the underlying mechanism is presumed
[35]
relating to oxidative stress . A retrospective analysis
has reported around 24% of IBD patients on MTX have
liver enzyme elevations. Significant hepatic fibrosis
or cirrhosis, however are uncommon, accounting
only for 5% of patients on long term low dose MTX.
Association between MTX and NAFLD is less definitive.
MTX use has not been shown to result in NAFLD
in IBD patients. There is one report in rheumatoid
arthritis patients, where average weekly dose of 13.1
mg MTX was shown to be an independent predictor
[36]
of NAFLD on multivariate analysis . Despite the
lack of associations, there are rodent studies showing
increased susceptibility to MTX induced hepatic toxicity
in established NAFLD; therefore it may not be entirely
[37]
appropriate in patients with NAFLD .

Other common IBD therapeutic agents: Thiopurine
analogues, azathioprine and 6-mercaptopurine,
remain a corner stone therapy for the maintenance
of remission in IBD. They however can be associated
with liver function derangement, cholestatic and
hepatocellular hepatitis, in addition to veno-occlusive
disease, peliosis hepatis and nodular regenerative
[44]
hyperplasia . There are no clear evidence linking
NAFLD to these agents, nor are there any data sugges
ting higher risk of thiopurine liver injury in patients with
existing NAFLD. Similarly, multiple other therapeutic
agents using monoclonal antibodies targeting various
inflammatory pathways have been recently approved
or being developed for use in IBD, such as vedolizumab
and ustekinumab. Currently there are not enough
published data to comment on their interactions with
NAFLD.

Parenteral nutrition

A small proportion of IBD patients may develop
intestinal failure secondary to extensive surgical resec
tion or refractory disease thus requiring parenteral
nutrition (PN). Hepatic steatosis is a known common
complication and can occur as early as 5 d post PN
[45]
commencement . Progressive inflammatory response
and fibrosis may also ensue with prolonged exposure.
These events may be promoted through excessive
caloric and carbohydrate administration. In addition,
deficiencies of amino acids such as carnitine and choline
as well as essentially fatty acids are also implicated.
There are limited evidence suggesting the use of lipid
emulsions and optimization of caloric content may help
[46]
to minimize these complications .

anti-TNFα: TNFα and its participation in pro-inflam
matory pathways may play an important role in the
development of hepatic inflammation and NASH in
NAFLD patients. Significantly elevated serum TNF level
as well as messenger RNA expression in hepatocytes
have been demonstrated in NASH patients compared to
[38,39]
healthy controls
. Anti-TNFα agents are widely used
in various inflammatory diseases and are by far the
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patients should be individualized and guided by
existing protocols for non-IBD patients. The use of IBD
treatment agents in the setting of NAFLD has been
discussed in the previous paragraphs.

CLINICAL IMPLICATIONS
Screening

According to the American association for the study
of liver disease guideline, universal screening in
asymptomatic general or high risk populations is not
currently recommended due to uncertainties with
diagnostic tests, cost-effectiveness and long term
[47]
benefits .
US is commonly used for the screening and
evaluation in patients suspected of NAFLD. Several
non-invasive serum biomarker scores, such as the
NAFLD liver fat score and fatty liver index have been
[48]
validated for the assessment of hepatic steatosis .
Cytokeratin 18, another serum test, has a sensitivity
of 78%, specificity of 87%, and an area under the
receiver operating curve of 0.82 (95%CI: 0.78-0.88)
for diagnosing steatohepatitis. Similarly, presence of
fibrosis may also be detected with the use of markers
including the fibrosis 4 calculator, NAFLD fibrosis score
and the elevated fibrosis tests.
There has also been some promisingly development
of alternative imaging methods for the detection
of liver fibrosis; the most studied being transient
elastography (TE) which may assess the presence
of advanced fibrosis. The adjunct use of controlled
attenuation parameter function of the TE has also been
used to diagnosis hepatic steatosis; this however has
not been robustly validated in IBD.
No specific guidelines for the assessment of NAFLD
in the IBD population have been established. Eva
luation may be helpful in IBD patients with high risks
or those with imaging features of hepatic steatosis;
although the optimal approach and benefits are yet to
be studied.

CONCLUSION
The co-existence of NAFLD in IBD is becoming increa
singly recognized. This is partly related to an increase
in MS as well as complex IBD disease associated
factors. Current literature on this matter has left many
issues unanswered. Long term outcomes and prognosis
for co-existent patients must be characterised. The
true impact of IBD therapies on co-existing NAFLD also
needs to be further assessed. Furthermore, guidance
on the appropriate screening tool and strategies for the
management of co-existent disease in IBD patients is
lacking. Clarification of these issues may enhance early
intervention and improve patient outcomes.
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Airway diseases are the most commonly described lung
manifestations of inflammatory bowel disease (IBD).
However, the similarities in disease pathogenesis and
the sharing of important environmental risk factors and
genetic susceptibility suggest that there is a complex
interplay between IBD and airway diseases. Recent
evidence of IBD occurrence among patients with airway
diseases and the higher than estimated prevalence of
subclinical airway injuries among IBD patients support
the hypothesis of a two-way association. Future
research efforts should be directed toward further
exploration of this association, as airway diseases are
highly prevalent conditions with a substantial public
health impact.
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respiratory and gastrointestinal tracts .

Pathogenesis

Several similarities in the underlying pathological
mechanisms have been described and may explain the
[1,2,22-24]
association between IBD and airway diseases
.
Dysbiosis and an inappropriate immune response to
intestinal microbiota are considered key components
[25]
of the pathophysiological process in IBD . Similarly,
an immune response to lung microbiota seems to
[26]
occur in airway diseases such as bronchiectasis .
A dysregulation of protease activity is present in
[27]
[28]
both IBD
and COPD , and is associated with the
breakdown of connective tissue components and
[1,29]
the ensuing remodeling process
. Alterations in
[1,22]
immune cell homing function
may explain the low
grade chronic systemic inflammation that is present in
[30]
[31]
[32-34]
[35-38]
IBD , COPD , asthma
and bronchiectasis
.
The hygiene hypothesis, proposing that a lack of
exposure to microorganisms during childhood contri
butes to abnormal immune reactions later in life, may
also constitute a common factor linking asthma, IBD
[39]
and a variety of other conditions .

INTRODUCTION
An association between inflammatory bowel disease
(IBD) and airway diseases has long been described in
the literature. The majority of studies have addressed
the topic from the perspective of airway diseases as an
[1-7]
extraintestinal manifestation of IBD . However, there
is growing evidence regarding an increased risk of
IBD occurrence among patients with airway diseases
[8-11]
such as asthma
, chronic obstructive pulmonary
[12,13]
[13]
disease (COPD)
and bronchiectasis . There are
several similarities between these conditions, ranging
from the multifactorial complex etiology to the chronic
remitting-relapsing disease course and the presence
of low-grade systemic inflammation. It is, therefore,
likely that the complex relationship between IBD and
airway diseases is not merely unidirectional, and the
new evidence from population-based studies supports
this hypothesis.
In this paper we review the similarities between
airway diseases and IBD and address the epidemio
logical evidence for the association, focusing on IBD
occurrence in patients with airway diseases.

Environmental factors

Tobacco smoking is an important risk factor associated
[40,41]
with the development of both airway diseases
and
[42]
CD . In asthmatic patients, smoking is associated with
[43]
a decline in lung function
and increased morbidity
[41,44]
rates
. A relative resistance to corticosteroid
therapy was reported in smoking asthmatic and COPD
[41]
patients , and the hospitalizations and mortality rates
were higher than in non-smoking asthma and COPD
[40,45]
controls
. Smoking has been associated with a
poor response to treatment and a more severe disease
[42,46,47]
course in CD patients
. In contrast, ulcerative
colitis seems to be a disease of non-smokers or former
[48]
smokers , and a more benign disease course was
[49]
observed in UC smokers compared to non-smokers .
This suggests that the association between UC and
airway diseases goes beyond the confounding effect
of smoking. Several potential underlying mechanisms
that may explain the effect of cigarette smoke in IBD
have been advanced, including alterations in cellular
and humoral immunity, alterations in mucosal blood
flow, gut permeability and motility, as well as a pro[42]
thrombotic and a reduced anti-oxidant effect , but
the relationship with the dichotomous impact on CD
and UC is still unclear.
Air pollution is another environmental risk factor
associated with both airway diseases and IBD. Air
pollutants such as particulate matter, ozone or nitrous
oxides were associated with an increase in number
[50]
[51-53]
of hospitalizations for asthma , COPD
and
[54]
IBD , and with an increased risk of mortality in COPD
[55]
patients . The gastrointestinal tract is exposed to air
[56]
pollutants through contaminated food and water .
There appears to be a dose-response association

Similarities in pathogenesis and
risk factors
Genetic factors

Genome-wide association studies have shown an
overlap of regions of genetic linkage for asthma,
[14]
IBD, and other autoimmune disorders . Several
gene loci, such as DENND1B, SMAD3 and SLC22A4/5
(5q31/IBD5), were found to be associated with both
asthma and Crohn’s disease (CD), while the ORMDL3
gene variants present in CD and ulcerative colitis (UC)
[15]
were also found in childhood-onset asthma . The
association between NOD2 gene polymorphism and
[16]
[17]
the development of both CD
and COPD
supports
the hypothesis of a shared genetic susceptibility. NOD2
proteins recognize peptidoglycan components of the
bacterial wall, contributing thus to bacterial recognition
[17]
and the activation of immune defense pathways .

Embryologic origin, anatomical structure and function

The epithelia of the intestine and airways derive
from the same embryological structure, the foregut
[18]
region of the endoderm . Their anatomical structure
is, therefore, very similar, with a columnar type
[4,19,20]
epithelium, goblet cells and mucous glands
. The
lymphoid tissue in the submucosal layer is composed
of antigen-presenting cells and lymphocytes capable
[21]
of releasing pro-inflammatory cytokines , and plays
an important role in both innate and adaptive immune
defense as part of the barrier organ function of the
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between long term exposure to air pollutants, such
as nitrous oxides and particulate matter, and the risk
[57]
of early onset CD . Exposure to sulfur oxides was
associated with an increased risk of early onset UC,
[57]
but no dose-response effect could be demonstrated .
Gastrointestinal injury may be the result of alterations
in gut microbiota induced by exposure to air pollutants,
[58]
as demonstrated in animal models , of an increased
[56]
intestinal permeability, or of a pro-inflammatory effect .
Vitamin D is an environmental factor with a pleiotropic
[59]
role in immune regulation , from inhibiting cytokine
production to enhancing innate immunity by facilitating
the transcription of peptides with antimicrobial
[60]
effects . Low serum levels of Vitamin D in asthmatic
patients were associated with impairments in lung
function, a poor response to corticosteroid therapy and
[61]
an increased airway hyper-reactivity . In children
with mild to moderate asthma, vitamin D deficiency is
relatively common and associated with an increased
[62]
risk of severe exacerbations . Vitamin D deficiency in
IBD patients may be a consequence of malabsorption,
[63]
low dietary intake or reduced bioavailability , but
the suboptimal serum levels observed in newly
[64]
diagnosed patients
suggest that the deficiency
[59,63]
may also be associated with IBD development
.A
randomized control trial of Vitamin D supplementation
in CD patients showed a reduced number of relapses
[65]
compared to the placebo group . Further studies are
needed to confirm this effect.

airways in the extreme lung periphery
. The imaging
appearance of small airway involvement in UC patients,
with the “tree in bud” aspect and cellular bronchiolitis,
was described as indistinguishable from the imaging
findings in patients with rheumatoid arthritis or in
transplant recipients, indicating thus an immunological
[75]
mechanism of small airway injury .
In IBD patients with respiratory symptoms, airway
diseases are the most commonly reported respiratory
[4,11,73,76]
condition
. Bronchiectasis was found to occur
[4,5]
in 22% of symptomatic cases , followed by chronic
[5]
bronchitis in 20% of cases and suppurative airway
[4]
disease without bronchiectasis . Furthermore,
evidence from population-based epidemiologic studies
indicates an association with asthma, bronchitis and
COPD. A large matched-cohort study involving more
than 8000 IBD patients found asthma to be the
second most common comorbidity after arthritis in
[11]
both CD and UC . The prevalence of bronchitis was
also significantly increased in IBD patients compared
[11]
to healthy controls . Studies of survival and cause of
death reported a significant increase in mortality due
[77,78]
to COPD among IBD patients
.
Lung involvement in IBD can also result from the
effect of IBD-specific medications. The most commonly
reported associations were with interstitial lung diseases,
such as interstitial pneumonitis (for Mesalamine,
thiopurines and biologics) or diffuse interstitial lung
[3]
disease (for Methotrexate) , or with diseases affecting
the lung parenchyma, such as eosinophilic pneumonia
[79,80]
(for Mesalamine and biologics)
, but not with airway
diseases.

AIRWAY DISEASE IN IBD
Airway diseases were first described in IBD patients
[66]
four decades ago in the case series of Kraft et al .
There is an extensive literature documenting airway
diseases as an extraintestinal manifestation of IBD.
Approximately 6%-47% of patients develop at least
[67-69]
one extraintestinal manifestation
during the course
of IBD, but the true prevalence of lung involvement is
unknown due to the presence of subclinical pulmonary
injury. It is estimated that 40%-60% of IBD patients
have some degree of subclinical lung involvement
evidenced through alterations in pulmonary function
tests and high resolution tomographic imaging
[70-73]
(HRCT)
.
The most frequently observed alterations in pulmo
nary function tests are decreases in forced expiratory
[72,73]
volume in 1 s (FEV1)
and FEV1/forced vital capacity
[72,73]
(FVC) ratio, in forced expiratory flow 25%-75%
as
well as in the transfer coefficient for carbon monoxide
[73]
(DLCO) . The severity of the observed alterations in
pulmonary function tests was found to be in correlation
with the endoscopic and clinical activity in UC pa
[73,74]
[73]
tients
and independent of the effect of smoking .
HRCT imaging techniques allow the detection
of lung involvement in IBD patients without overt
respiratory symptoms. The most common findings are
an enlarged bronchial internal diameter, peribronchial
wall thickening, air trapping or the identification of
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IBD OCCURRENCE IN AIRWAY DISEASES
Despite the substantial evidence of an IBD-airway
disease association and of the complex interplay
between the two groups of conditions, an interest
toward the possibility of IBD occurrence in patients
with pre-existing airway diseases has only recently
emerged. In the last decade, a handful of populationbased studies have addressed the risk of developing
IBD, its incidence or prevalence in patients with
asthma, bronchitis, bronchiectasis and COPD (Table 1).
Four studies have reported an increased prevalence
of IBD in patients with airway diseases. In the study
[11]
of Bernstein et al , the prevalence of CD and UC
among patients with asthma and bronchitis was
significantly increased compared to the prevalence in
the general population of Manitoba, Canada. A fourfold increase in IBD prevalence was observed in a
cohort of patients with airway diseases in the United
Kingdom. The prevalence of UC was significantly
increased in all types of airway disease investigated;
CD prevalence was increased in patients with COPD
[13]
and bronchiectasis . A study of COPD patients
and their first degree relatives identified from the
Swedish Multigeneration Register showed an increased
prevalence of both CD and UC among the patients
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Table 1 Population-based studies of inflammatory bowel disease occurrence in patients with airway diseases
Ref.

Country

Airway disease Cohort size

Results
Crohn’s disease

[11]

Bernstein et al

Canada

Ekbom et al[12]
Raj et al[13]

Sweden
United
Kingdom

Virta et al[9]
Hemminki et al[8]
Brassard et al[10]

Finland
Sweden
Canada

Asthma
Bronchitis
COPD
COPD
Bronchiectasis
Asthma
Airway
disease, total
Asthma
Asthma
COPD
Asthma

12397
3092
180239
588
215
893
2192
185
148295
143904
136178

PRR = 1.38 (95%CI: 1.23-1.53)
PRR = 1.72 (95%CI: 1.15-2.58)
HR = 2.72 (95%CI: 2.33-3.18)
OR = 5.26 (95%CI: 1.71-16.19)

Ulcerative colitis

IBD

PRR = 1.56 (95%CI: 1.4-1.74)
PRR = 1.92 (95%CI: 1.35-2.73)
HR = 1.83 (95%CI: 1.61-2.09)
OR = 3.57 (95%CI: 1.3-9.38) OR = 3.87 (95%CI: 1.19-12.62)

OR = 7.21 (95%CI: 1.62-32.2) OR = 7.88 (95%CI: 2.71-22.91) OR = 8.38 (95%CI: 2.43-28.89)
OR = 1.74 (95%CI: 0.39-7.65) OR = 2.81 (95%CI: 1.15-6.90) OR = 2.54 (95%CI: 0.78-8.26)
OR = 5.96 (95%CI: 1.94-18.31) OR = 4.21 (95%CI: 1.71-10.41) OR = 4.26 (95%CI: 1.48-11.71)
OR = 2.33 (95%CI: 1.41-3.86)
SIR = 1.64 (95%CI: 1.42-1.87)
IRR = 1.55 (95%CI: 1.49-1.62)
IRR = 1.27 (95%CI: 1.22-1.31)

OR = 1.11 (95%CI: 0.68-1.80)
SIR = 1.54 (95%CI: 1.36-1.73)
IRR = 1.30 (95%CI: 1.24-1.37)
IRR = 0.99 (95%CI: 0.94-1.04)

IBD: Inflammatory bowel disease; PRR: Prevalence rate ratio; COPD: Chronic obstructive pulmonary disease; SIR: Standardized incidence ratio; IRR:
Incidence rate ratio; CI: Confidence interval; HR: Hazard ratio; OR: Odds ratio.

up study of the same COPD cohort revealed that new
onset IBD was associated with an increased risk of
all-cause mortality as well as from respiratory and
[81]
digestive causes .

and their siblings compared to IBD prevalence in
[12]
controls . Younger age at COPD diagnosis was found
to be associated with a higher prevalence of UC. A
case-control study of Finnish children with IBD showed
that the risk of developing CD was significantly higher
in children with asthma and with both asthma and cow
[9]
milk allergy than in healthy controls .
Unfortunately, prevalence studies are informative
only from the point of view of disease coexistence, and
cannot provide an insight into the temporal sequence
of developing these conditions. Two population-based
studies assessed IBD occurrence during the course of
airway diseases, one in asthmatic patients only and
the other in asthma and COPD.
A study of Swedish inpatients discharged with a
diagnosis of asthma showed an increased incidence
of CD and UC hospitalizations during the follow up
[8]
period . To ensure incident IBD cases were captured,
all subjects in which the diagnosis of CD and UC
preceded that of asthma were excluded from the
analyses. The standardized incidence rates for CD
were significantly increased in all age groups, while
the incidence increase of UC was only significant in
subjects diagnosed with asthma after the age of 20
years.
More recently, a large retrospective cohort study
of Québec patients with asthma and COPD showed a
significantly increased incidence of both CD and UC
in COPD patients and an increased incidence of CD
in asthmatic patients compared to the IBD incidence
[10]
in the general population . Similar to the results of
[8]
Hemminki et al , in asthmatic patients the incidence
of CD was significantly increased in all age groups; the
incidence of UC, although not significantly increased
when all age groups were considered, was significantly
increased in patients diagnosed with asthma after the
age of 10 years. In COPD patients, the incidences of
both CD and UC were significantly increased compared
to the general population for all age groups. A follow
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FUTURE DIRECTIONS FOR RESEARCH
The existing evidence of IBD occurrence in patients
with airway diseases is supported by population based
studies. In clinical settings, the true prevalence of
IBD or of digestive symptoms indicative of IBD is still
unknown. If clinical studies confirm the association,
it would be of importance to assess whether exacer
bations in airway diseases are impacted by IBD
disease activity.
Inversely, in IBD patients with lung manifestations,
further assessment of prevalence of subclinical airway
injuries is warranted, as recent evidence suggests it
is much higher than previously expected. Such an
assessment could shed more light into the temporal
sequence of IBD-airway disease development.

CONCLUSION
There is a complex inter-relation between IBD and
airway diseases and new evidence suggests that not
only can airway diseases occur as an extraintestinal
manifestation of IBD, but that IBD, in turn, can have a
high occurrence in patients with airway diseases. This
occurrence seems to also impact on key outcomes, such
as mortality in COPD patients. While the importance of
airway involvement as extraintestinal manifestation
of IBD is amplified by the evidence of an increased
prevalence of subclinical airway injuries, the impact of
IBD occurrence in patients with airway diseases raises
a substantially greater public health concern due to
the worldwide high prevalence of airway diseases.
Early detection of IBD may improve the treatment
management and prognosis of airway disease patients.
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MINIREVIEWS

Spontaneous fungal peritonitis: Epidemiology, current
evidence and future prospective
Marco Fiore, Sebastiano Leone
spontaneous fungal peritonitis (SFP) is a complication
of ESLD less known and described. ESLD is associated
to immunodepression and the resulting increased
susceptibility to infections. Recent perspectives of the
management of the critically ill patient with ESLD do not
specify the rate of isolation of fungi in critically ill patients,
not even the antifungals used for the prophylaxis, neither
optimal treatment. We reviewed, in order to focus the
epidemiology, characteristics, and, considering the
high mortality rate of SFP, the use of optimal empirical
antifungal therapy the current literature.
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Core tip: Spontaneous bacterial peritonitis (SBP)
occurs in patients with end-stage liver disease (ESLD);
spontaneous fungal peritonitis (SFP) is a complication
of ESLD less known and described. Patients with
SFP had a significantly worse prognosis than those
with SBP. The incidence accounts from 0% to 13%
of patients with ESLD and spontaneous peritonitis.
Data are conflicting regarding fungi distribution
between nosocomial and non-nosocomial infections.
Candida spp. are the most frequent fungal infectious
agent isolated. Previous SBP antibiotic prophylaxis,
hepatorenal syndrome, low ascitic fluid protein (< 1
g/dl), elevated acute physiology and chronic health
evaluation Ⅱ and serum lactate also significantly
adversely impact hospital mortality.
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Abstract
Spontaneous bacterial peritonitis is a complication of
ascitic patients with end-stage liver disease (ESLD);
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hundred and six pathogens were isolated: 207 nonnosocomial and 99 nosocomial infections. Fungi were
found in the ascitic fluid of nine patients (2.9%); there
was significant difference regarding fungi distribution
between nosocomial (7.1%, 7 patients) and nonnosocomial (0.9%, 2 patients) cases (P = 0.004).
[5]
Jindal et al recently evaluated the outcome of
carbapenem- vs cephalosporin-regimen in Indian
cirrhotic patients with SP. A total of 175 patients were
enrolled, of these two patients (1.1%) had SFP (1
patient with Candida spp and 1 patient with Aspergillus
spp) and were treated with success.

INTRODUCTION
Spontaneous bacterial peritonitis (SBP) occurs in
patients with end-stage liver disease (ESLD); however,
spontaneous fungal peritonitis (SFP) is a complication
of ESLD less known and described. A diagnosis of SFP
is based on large numbers of neutrophil granulocytes
(> 250 cells/mL) of ascitic fluid and diagnostic investi
gation to exclude other causes of intra-abdominal
[1]
infection , whereas we define fungal ascitis as fungal
culture positive in ascitic fluid in the presence of ascitic
neutrophil counts lower than 250 neutrophils/ml.
Hospital-acquired (HA) spontaneous peritonitis (SP),
both HA-SBP and HA-SFP, is peritonitis that occurs
48-72 h after hospitalization in the absence of signs of
infection at hospital admission.

Europe

Piano and Angeli reviewed microbiological data bet
ween 2007 and 2009 of a tertiary care center of
northern Italy. Of sixty-nine culture positive SP, two
(3%) were SFP. Fluconazole-susceptible C. albicans
[6]
was isolated in the two cases .
In an observational study conducted in 4 university
hospitals in north-eastern France, between January
st
st
1 2010 and December 31 2011, one hundred and
ninety ESLD patients had ascites (median age 61.5
years, 58.5% CTP C): 268 ascitic fluid positive culture
were obtained. Of these 140 were bacterascites and
57 SBP. Fungi were found in 2.1% of patients with
bacterascites and none of SP patients. Bacterascites
seems be considered a serious condition given the
mortality rate (close to 20%). The authors concluded
that bacterascites is probably a surrogate marker of
[7]
advanced liver disease .
In order to evaluate the different etiology between
of HA- and CA-SBP, ninety-five SP episodes were
reviewed from a French Liver Unit. Seventy-eight mi
croorganisms were found (39 isolates in each group)
including 1 yeast (C. albicans). Distribution of C.
albicans between HA-SFP vs CA-SFP was 0% vs 2.5% (1
[8]
patient) .
[9]
Friedrich et al evaluated the drug resistance
profile of pathogens isolated from ascitic fluid of 311
ESLD patients (hospitalized in a German tertiary care
center) with their first episode of SP between 2007
and 2013. A total of 138 pathogens were isolated (49
non-nosocomial and 89 nosocomial). Fungal infections,
Candida spp, were found in 10 patients (7.2%); C.
albicans (3.6%) is the most frequent fungal infectious
agent isolated. Interestingly, there was no significant
difference regarding Candida spp distribution between
nosocomial (9.0%, 8 patients) and non-nosocomial
(4.1%, 2 patients) cases (P = 0.287).
[10]
Reuken et al
reviewed retrospectively 244
positive ascitic fluid culture isolated from ESLD patients
between 2000 and 2011 in a German tertiary hospital,
of these 90 were documented as monomicrobial
SP. Fungal infections, Candida spp, were found in 3
patients (3.3%) of the ninety with SP.
[11]
Umgelter et al analyzed prospectively 41 positive
ascitic fluid culture isolated from ESLD patients between
2000 and 2011 in a German university medical center.

EPIDEMIOLOGY
Asia

[1]

Hwang et al evaluated ESLD patients with SP between
2000 and 2005 in a Korean tertiary care center: 401
patients with SBP and 15 with SFP (3.6%); eleven
of the 15 SFP was polymicrobial (Table 1). SFP was
more common in nosocomial SP and in patients with
higher Child-Turcotte-Pugh (CTP). The most commonly
fungus found was Candida spp (8 patients C. albicans;
1 patient C. tropicalis; 1 patient C. glabrata), followed
by Cryptococcus neoformans (5 patients). More than
two-thirds of patients (11 patients, 73.3%) with fungal
infection died within the first month after diagnosis
of SP. All 10 patients showed no improvement with
empirical antimicrobial therapy and died within a month.
Of 5 patients who showed improvement with empirical
antimicrobial therapy, only one died in the first month
for gastrointestinal bleeding; the remaining four patients
survived. HA-SBP and community-acquired SBP (CASBP) occurred in 151 and 265 patients, respectively.
Distribution of fungi between HA-SFP vs CA-SFP was
12 vs 3, respectively. The mean value of CTP score was
12.5 ± 2.0 in the SFP cohort and 11.1 ± 1.7 in the SBP
[1]
cohort .
In another retrospective study conducted in Korea,
st
st
between January 1 2003 and December 1 2010,
ninety-five ESLD patients with SP were included.
Among the forty-seven pathogens isolated, one (2.2%)
was a Candida spp. The patient with Candida spp in
ascitic fluid had hepatocellular carcinoma and died of
[2]
liver failure shortly after admission .
[3]
Cheong et al evaluated the clinical difference
between SP acquired in the hospital or in the community
in patients with ESLD between 2000 and 2007 in a
Korean tertiary care center: HA-SBP occurred in 126
and CA-SBP occurred in 110 patients. Distribution of
fungi between HA-SFP vs CA-SFP was 2.4% (3 patients)
vs 0%.
[4]
Li et al evaluated the drug resistance profile of
pathogens isolated by ascitic fluid of 288 Chinese
patients with ESLD between 2011 and 2013. Three
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Table 1 Polymicrobial infections
Ref.

Friedrich et al[9], 2015

Li et al[4], 2015

Hwang et al[1], 2014

Ariza et al[12], 2012

Umgelter et al[11], 2009

Bert et al[8], 2003

HA-SBP definition

Study design

Data provided
by the author

Setting

Patients with Fungal polymicrobial
polymicrobial
infections
infections

PMN > 250
> 48 h of
hospitalization
PMN > 250
> 48 h of
hospitalization
PMN > 250
> 72 h of
hospitalization
PMN > 250
> 48 h of
hospitalization
PMN > 50
> 48 h of
hospitalization
PMN > 250
> 48 h of
hospitalization

Retrospective
cohort

No

University Hospital

24/138

N/A

Retrospective
cohort

No

University Hospital

16/306

N/A

Retrospective
cohort

No

University Hospital

N/A

11/15

Retrospective
cohort

No

University Hospital

15/261

N/A

Prospective
cohort

Yes

University Hospital

4/41

2/2

Retrospective
cohort

No

University Hospital

7/78

N/A

HA: Hospital-acquired; SBP: Spontaneous bacterial peritonitis; PMN: Polymorphonuclear; N/A: Not available.

North America/miscellaneous

C. albicans was found in 2 patients (4.8%) both in
association with bacterial infections (Table 1). All C.
albicans were susceptible to fluconazole.
In a retrospective observational study on a
cohort of cirrhotic patients with SP conducted in a
Spanish teaching hospital, between 2001 and 2009,
261 ascitic fluid culture positive SP were evaluated.
The authors excluded from the analysis 15 cultures
because polymicrobial, so SFP in this cohort could be
underestimated. Distribution of C. albicans between
[12]
HA-SFP vs CA-SFP was 0% vs 0.005% (1 patient) .

[14]

Karvellas et al conducted a retrospective cohort study
involving cirrhotic patients with SBP from 28 hospitals
of Canada, United States and Saudi Arabia between
1996 and 2011 presenting with septic shock: a positive
culture (blood or ascitic fluid) was found in 86 (68%)
of 126 patients enrolled (53 HA-SFP vs 73 CA-SFP),
the most common pathogens isolated were Escherichia
coli (27.3%) followed by Candida spp (11.1%): 9 C.
albicans and 2 C. glabrata/tropicalis. No one of these 11
patients survived to hospital discharge. SP-associated
septic shock has a poor prognosis (mortality 80%).
Appropriate antimicrobial therapy should be given as
soon as possible: non-administration corresponds to
an increase of 1.86 times hospital mortality per hour.
Others hospital mortality risk factors are elevated acute
physiology and chronic health evaluation Ⅱ (APACHE Ⅱ)
and serum lactate.

Africa

In a prospective study carried out in an Egyptian
intensive care unit (ICU) from January to August 2013,
46 patients with ESLD were enrolled. Three patients
had a polymorphonuclear (PMN) cell count greater
than 250 cells/ml in ascitic fluid, of these 3 patients
1 patient had ascitic and blood culture negative, 2
patients (4.3%) had fungal growth in ascitic fluid: 1
patient had ascitic and blood culture positive for A.
niger and 1 patient had ascitic culture positive for C.
albicans and blood culture positive for C. albicans and C.
tropicalis. Three (6.5%) patients had a PMN cell count
lower than 250 cells/ml in ascitic fluid, of these 1 had
ascitic and blood culture positive for C. albicans, 1 had
ascitic culture positive for C. albicans and blood culture
negative, 1 had ascitic culture positive for A. niger
and blood culture negative. Of these 6 patients only
1 patient who had ascitic and blood culture negative
died. Independent risk factors for a fungal infection
were found to be previous antibiotic prophylaxis for
SBP, hepatorenal syndrome and low protein ascites
with total protein concentration of less than 1 g per
deciliter. Patients with SFP presented worse prognosis
[13]
than patients with SBP .
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CURRENT EVIDENCE
Fungi are common saprophytes of the human
organism, being ubiquitously on skin and mucous
membranes. Antibiotics (used for the prevention of
SBP in patients with ascites) acting on the intestinal
bacterial flora produce an excessive growth of fungi
[15]
especially of the intestinal tract
with subsequent
“translocation” from the gut lumen across the mucosa
into the peritoneal cavity. Immunosuppression and
malnutrition, common in ESLD patients, promote this
process.
Differences between SBP and SFP: compared with
SBP patients, the CTP score seems to be higher in SFP
[1]
patients . Patients with SFP had significantly higher
[1,13]
mortality than the patients with SBP
. Patients
who do not respond to empiric antimicrobial therapy
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(if this does not cover the fungus) have a very poor
[1]
prognosis (mortality 100%) . Data are conflicting
regarding fungi distribution between nosocomial and
non-nosocomial infections, cases of fungal peritonitis
[1,4]
[9]
is not clearly more common in HAthan CA-SP .
The number of isolates is so low that any analysis is
underpowered so a meta-analysis of observational
studies could clarify the fungi distribution between
nosocomial and non-nosocomial infections.
C. albicans is the most frequent fungal infectious
[1,2,9-11,14]
[1]
agent isolated
following by C. neoformans
[5,13]
and Aspergillus spp
. Fungal infection is often
polymicrobial (73.3%-100% of cases), on the contrary
polymicrobial bacterial infections affecting 5.2%-17.4%
of cases (Table 1).
Risk factors for hospital mortality in SFP are SBP
antibacterial prophylaxis, hepatorenal syndrome, low
protein ascites with total protein concentration of less
[13]
than 1 g per deciliter , elevated APACHE Ⅱ and
[14]
serum lactate .
[16]
Bremmer et al
in an historic cohort study
including 25 patients (21 liver transplanted and 4 not
liver transplanted), with isolation of Candida spp in
ascitic fluid, found that C. albicans (48%; 12 out of
25) is the commonest pathogen, less frequently C.
glabrata (20%), C. parapsilosis (16%), C. tropicalis
(12%) and C. zeylanoides (4%). In the study, 28-d
mortality was significantly higher in patients with
elevated Charlson Comorbidity Index, Model for EndStage Liver Disease (MELD) and APACHE Ⅱ scores.
There was no significant difference regarding 28-d
mortality between fungal ascitis and SFP; conversely
there was significant difference regarding 28-d
mortality between patients who do not underwent
liver transplantation (14 out of 21) and patients who
underwent liver transplantation (0 out of 4). This study
suggests that antifungal therapy used to treat SFP,
could be a “bridge” to liver transplantation.
[17]
Saludes et al
recently reported 7 episodes of
Candida spp isolation in ascites of cirrhotic patients
detected in a Spanish hospital during the past 15
years. C. albicans was isolated in 5 patients (71.4%)
and C. glabrata in 2 patients (28.6%). All patients
were CTP C, per year mortality was 100% and 3
patients died in the first 10 d of diagnosis.
[18]
Choi et al reviewed the clinical and laboratory
features of all cirrhotic patients whose ascites samples
were positive for Candida spp. A total of 21 cirrhotic
patients was identified. Patients were regarded as having
peritonitis if they had 1 or more clinical symptom(s)
or sign(s) in the absence of any other possible ex
planation. Ten patients (47.6%) were classified into
the spontaneous Candida-related peritonitis group, and
the remaining 11 patients (52.4%) were classified into
asymptomatic fungal ascitis. Mortalities were higher in
the spontaneous Candida peritonitis group at discharge
(50.0% vs 27.3%), 6-mo (90% vs 45.5%) and 1-year
(100% vs 54.5%) (P = 0.007). Receiver-operating
characteristic curve analysis revealed that the cut-off
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value of ascitic fluid PMN cell count of 315 cells/mL had
the highest diagnostic accuracy with both sensitivity and
specificity.

FUTURE PROSPETIVES
The available data suggest that the SFP could affect
negatively the prognosis of patients with SP, therefore
new diagnostic and therapeutic strategies are required.
Candida spp. Is associated with a severe outcome
[18]
when manifested with peritonitis . In a recent clinical
trial, fluconazole was added in patients with HA-SBP
with no response to meropenem and daptomycin. In
this study, never previously proposed, the authors
added empiric antifungal therapy in a therapeutic HA[19]
SBP protocol , although in the latest guidelines no
mention is made about the use of antifungals in ESLD
[20,21]
patients
. Actually start antifungal therapy as
soon as possible improves prognosis in patients with
[22,23]
invasive candidiasis
.
Mortality from SFP is increased in case of severe
underlying diseases and/or if initial antimicrobial
[14,24-26]
[14]
therapy is inappropriate
. Karvellas et al
state
that non-administration of an appropriate antimicrobial
therapy corresponds to an increase of 1.86 times
hospital mortality per hour. Unfortunately, it is not
possible to extrapolate from this study the subgroup of
SFP, but we can assume that septic shock has a worse
outcome.
Area of uncertainty that remains for clinicians is
the management of fungal ascitis: studies report no
differences in mortality rates among patients with ascitic
[16]
cell count upper or lower 250 cells/ml , or higher
mortality in the SFP group but with a fungal ascitis
mortality ranging from 27.3% at discharge to 54.5%
[18]
after 1 year of discharge , conversely bacterascites
[7]
show lower mortality rates than SBP .
As we recently proposed, given the low incidence of
[27]
the SFP, a prophylaxis would be unuseful . Treatment
should be considered in absence of a positive culture
in patients with a higher Charlson Comorbidity Index,
MELD and APACHE Ⅱ scores. Patients with a positive
fungal culture of the ascitic fluid independently of PMN
count should be treated.
Echinocandins are recommended for patients with
HA-SFP or patients with CA-SFP and severe underlying
illness given the poor prognosis of inappropriate
[28]
antimicrobial therapy . De-escalation to fluconazole
[29]
is recommended when sensitivity tests are available .
Echinocandins should be considered as empirical
or preemptive systemic antifungal therapy for patients
with suspected SFP. The de-escalation to fluconazole
reduces pharmaceutical costs and emerging of resi
[30]
stant microorganisms .
Micafungin in a different setting of patients with
ESLD (liver transplant patients with a MELD score
≥ 20) showed non inferiority to standard antifungal
prophylaxis, although renal function showed a better
[31]
performance in micafungin group . In conclusion
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Patients with suspected spontaneous peritonitis:
immediately perform ascitic/blood culture

High risk factors for SFP start
antibiotic and antifungal therapy

Pathogen isolation:
promptly deescalation therapy

No pathogen isolation:
continue therapy

Low risk factors for SFP
start antibiotic therapy

No pathogen
isolation

Pathogen
isolation

With clinical
improvement:
continue therapy

Tailor
therapy

Without clinical
improvement: add-on
antifungal therapy

Figure 1 Spontaneous fungal peritonitis management algorithm. Risk factors for fungal diseases[32]: Surgery, total parenteral nutrition, fungal colonisation, renal
replacement therapy, infection and/or sepsis, mechanical ventilation, diabetes, and APACHE Ⅱ or Ⅲ score; Add-on: consider adding empiric antifungal therapy.
APACHE: Acute physiology and chronic health evaluation.

an algorithm should be proposed for the treatment of
patients with suspected SFP (Figure 1).
8
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Seventh tumor-node-metastasis (TNM) classification for
gastric cancer, published in 2010, introduced changes
in all of its three parameters with the aim to increase
its accuracy in prognostication. The aim of this review
is to analyze the efficacy of these changes and their
implication in clinical practice. We reviewed relevant
Literature concerning staging systems in gastric cancer
from 2010 up to March 2016. Adenocarcinoma of
the esophago-gastric junction still remains a debated
entity, due to its peculiar anatomical and histological
situation: further improvement in its staging are
required. Concerning distant metastases, positive
peritoneal cytology has been adopted as a criterion
to define metastatic disease: however, its search
in clinical practice is still far from being routinely
performed, as staging laparoscopy has not yet reached
wide diffusion. Regarding definition of T and N: in
the era of multimodal treatment these parameters
should more influence both staging and surgery. The
changes about T-staging suggested some modifications
in clinical practice. Differently, many controversies
on lymph node staging are still ongoing, with the
proposal of alternative classification systems in order
to minimize the extent of lymphadenectomy. The next
TNM classification should take into account all of these
aspects to improve its accuracy and the comparability
of prognosis in patients from both Eastern and Western
world.
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Rausei S et al . Open problems in gastric cancer staging
evaluated on PubMed Central with combination of
following MESH terms: gastric cancer and staging
system, gastric cancer and TNM, esophago-gastric
junction and staging, gastric cancer and distant
metastasis. All abstracts were read separately by two
different surgeons belonging to an Italian University
Hospital, and scientific relevance of papers has been
assessed mostly according to originality of the article,
accuracy of the statistical method and number of
patients. All of the selected papers were fully read
by two or more surgeons, and only papers reported
in References have been judged clinically and
scientifically relevant.

Core tip: After five years since latest tumor-nodemetastasis (TNM) classification for gastric cancer
staging has been published, we reviewed Literature
concerning its accuracy in prognostication and the
impact on clinical practice of the statements introduced
in 2010. While waiting for the next UICC/AJCC TNM
classification for gastric cancer, open issues and new
proposals are also critically discussed.
Rausei S, Ruspi L, Galli F, Pappalardo V, Di Rocco G, Martignoni
F, Frattini F, Rovera F, Boni L, Dionigi G. Seventh tumor-nodemetastasis staging of gastric cancer: Five-year follow-up. World
J Gastroenterol 2016; 22(34): 7748-7753 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i34/7748.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i34.7748

ADENOCARCINOMA OF ESOPHAGOGASTRIC JUNCTION
Latest TNM classification made an effort to clarify
recommendations about malignancies arising at or
close to the esophago-gastric junction. According to
anatomical criteria consistent with the 5-cm rule of
[3]
Siewert Classification , seventh TNM classification
included esophago-gastric junction tumor in the
[4]
esophageal chapter . Unfortunately, this proposal
might lead to classify as esophageal a tumor of
[5]
the gastric fundus . Hence, most Adenocarcinoma
of esophago-gastric junction (AEGs), including
adenocarcinomas of the cardia and subcardia, are
now to be staged as esophageal adenocarcinomas
rather than gastric cancers, although they actually
originate from the gastric mucosa and consequently
have different biological properties compared with
[6]
genuine gastric and genuine esophageal cancers ;
therefore cardia tumors still remain in a no-man’s land
of staging.
Actually, the esophago-gastric junction is a
peculiar transitional area from squamous to glandular
epithelium, which is different from epithelium of distal
stomach. Concerning macroscopic anatomy, the intraabdominal part of the esophagus, esophagogastric
junction, and fundus are not totally covered by visceral
peritoneum. These portions of the stomach are
located extraperitoneally or retroperitoneally, which
makes AEG more prone to infiltrate the serosa and
more inclined to peritoneal metastasis; moreover, a
different pathway of lymphatic metastases has to be
[7]
considered .
These anatomical differences related to the eso
phago-gastric junction imply a different oncological
management as well as a different surgical approach
than gastric or esophageal cancer: basically, the
clinicians should early know the correct strategy and a
reliable prognosis to present to their patients.
Although some authors reported better progno
stication when AEG Ⅱ/Ⅲ tumors were staged as gastric
[8,9]
cancer , several studies advocate the introduction
of a separate staging system for neoplasm of this
“damned” anatomical district, as neither the esophageal

INTRODUCTION
Gastric cancer is the fifth most common malignancy
[1]
and the third leading cause of cancer-related death .
In the era of stage adapted therapy, where effective
tools both in preoperative staging and in peri-opera
tive treatment (neoadjuvant and adjuvant therapy)
are widely available, the importance of an accurate
prognostication is crucial for the best possible manage
ment of gastric cancer patients.
A cancer staging system should describe the
severity of a neoplasm according to the extent of
primary tumor and of its spread, both local and distant;
this allows clinicians to calculate prognosis, to compare
groups of patients, and to determine the treatment
strategy. As it should be used in an everyday clinical
practice setting, an ideal cancer staging system has to
be easily reproducible and applicable, both before and
after treatment.
Since its first application in the staging of gastric
[2]
malignancies in 1974 , the tumor-node-metastasis
(TNM) staging system has been periodically modified,
in order to ameliorate its accuracy in stratification of
prognosis in gastric cancer patients.
The current TNM system for gastric cancer, although
still improvable, well fulfills the above mentioned
requirements.
In last five years different Authors analyzed usefu
lness of the seventh TNM classification and, up to
now, it seems that different issues still require further
improvements.
In this review, we summarize current opinions and
controversies on the seventh classification of the TNM
staging system for gastric cancer, introducing open
questions and new issues which may integrate the
traditional way of staging.

LITERATURE RESEARCH
Recent Literature (from 2010 up to March 2016) was
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nor the gastric staging scheme could well stratify the
[10-12]
prognosis of these patients
.
Staging of tumors arising from the esophagogastric
junction should require further revision.

power between the sixth and the seventh TNM
classification, as well as they proposed possible
alternative staging systems.
According to comparison studies, seventh TNM
classification for gastric cancer provided a more
detailed classification of prognosis than the sixth
[20,21]
system
. With specific regard to the proposal of
new staging criteria, lymph node ratio (LNR) gained
increasing popularity. It is defined as the ratio between
the number of positive nodes and the number of total
examined nodes. Most studies concluded that LNR is
superior to the traditional N stage in TNM system in
[22-28]
stratifying the prognosis of gastric cancer patients
.
LNR, and other alternative node staging system, such
as LODDs (log of the ratio between the probability
of being a positive lymph node and the probability of
being a negative lymph node when one lymph node is
[29]
retrieved) , have been proposed especially in groups
of patients with less than 15 retrieved nodes: thus, it
seems that most of the attempts are made to justify
a suboptimal surgery about lymphadenectomy, rather
than to increase prognostic power of pathological
[30,31]
lymph node staging
.
In this context, a possible further staging improve
ment could be to associate LNR (instead of the more
complex LODDs) with the last numeric criterion.

Distant metastasis (M)

Regarding assessment of M parameter, Mx has been
deleted. To be correct, the lack of information about
status of anatomical districts far from primary tumor
site must be considered as inappropriate.
In every day clinical practice, it means that an
accurate staging process must be performed (both
before and after treatment); this again, became even
more important, since latest TNM classification included
findings of positive peritoneal cytology (as well as
omental tumor not part of continuous extension) in M1
[4]
category .
After more than five years since this proposal,
unfortunately, clinical practice has not been really
modified: in fact, the routinely use of laparoscopic
staging, which allows both retrieval of free fluid
for cytologic examination and inspection of the
entire peritoneal cavity, and thus eventual omental
[5,13]
[14]
implants
, has not reached a wide diffusion yet .
This “bad habit” is responsible for understaging of
disease or useless laparotomies in about 20% of
[15,16]
cases
.
Moreover, since some studies reported outcomes
of potentially curative resections after the clearance
of peritoneal cytology (conversion from positive to
[17,18]
negative after neoadjuvant chemotherapy)
, it
might be responsible of sub-optimal treatment.
Actually, a standardization of the method used to
perform peritoneal cytology is needed: in fact, different
rates of positive cases with different techniques have
been reported: > 20% on a routine cytology, 35% on
immunohistochemistry and 50% on RT-PCR in cases of
[19]
a serosa invasion-positive gastric carcinoma .
This new change in the last TNM classification could
be considered an improvement according to prognostic
results. Nevertheless, it should suggest a more reliable
compliance to clinicians.

Tumor (T)

Regarding the T parameter, latest TNM classification
has introduced high grade displasia (HGD) in Tis
category; T1 category has been subdivided into
T1a (tumors involving lamina propria or muscularis
mucosae) and T1b (tumors involving submucosa), and
T2b has been replaced with new T3 category, so that
serosal involvement is now considered a T4 tumor (T4a
category differently from T4b category assigned to
[4]
tumors invading adjacent structures) .
Inclusion of HGD in Tis category lead to a more
aggressive approach to this histologic entity. According
[32]
to latest Japanese guidelines for gastric cancer ,
some histologic and dimensional criteria have to be
met in order to perform endoscopic mucosal resection
(EMR) or endoscopic submucosal dissection: therefore,
preoperative diagnosis has to be even more accurate.
Furthermore, as distinguishing invasive carcinoma
from HGD in gastric biopsy specimens is not always
possible, EMR can also be proposed in order to obtain
[33]
a more accurate histologic definition .
Finally, new T3 category implied for the first time
the definition of locally advanced disease for a tumor
entirely contained into the gastric wall. As subserosal
involvement may not be correctly evaluated during
staging laparoscopy, EUS - which remains the firstchoice imaging modality in preoperative T staging of
gastric cancer - emerges again as a crucial step in pre[34]
treatment staging . Nonetheless, it is not always
included in staging algorithm. De facto, although
trial about perioperative chemotherapy have been

Node (N)

The cut off of metastatic regional lymph nodes in
the N category was changed, too (N1 = 1-2 nodes;
N2= 3-6 nodes; N3a= 7-15 nodes; N3b= more
[4]
than 15 nodes) . Moreover, the minimum number
of required nodes reached 16, although this seems
to be in contrast with the sentence (added in the
previous edition) which allows to classify as pN0 also
negative nodes tumors even if the minimum number
of examined nodes is not met. This proposal seems to
derive from the need to minimize non-homogeneity in
the extent of lymphadenectomy.
Actually, lymph node staging is the main object
of current controversies in TNM staging system. In
last years, different authors compared the prognostic
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disease, and a good instrument in everyday clinical
practice.
The International Gastric Cancer Association
(IGCA) launched in 2009 a staging project with the
aim of collecting gastric cancer data worldwide, in
order to formulate a contemporary evidence based
classification. This project collected data from 59
Institutions in 15 Countries and used them to validate
the latest TNM classification: for both T and N it
accepted the categories of the seventh TNM and
then assessed a new stage grouping scheme (Table
1), which better stratifies prognosis also in patients
with Siewert type Ⅱ or Ⅲ tumor. A relevant aspect
of this new staging system is the split between N3a
and N3b categories, derived from finding of worse
survival in patients with more of 6 involved nodes.
This new scheme could be introduced in next TNM
[29]
classification
along with some implications of the
above mentioned considerations: hence, this next
staging solution, tested with data from both Eastern
and Western patients, should allow to appropriately
compare treatment results in different regions.
If the IGCA staging system at the moment does
not add any new parameter, other Authors reflected
on possible introduction of more details to improve
accuracy of prognostication.
As specified, the role of LNR seems to be quite
widely accepted, but other issues regarding lymph
node involvement are still debated, such as the
presence of isolated tumor cells, now classified as
pN0(i+), which might be classified as pN1(i+), and
the extra capsular extension of regional metastasis in
[39]
adjacent tissues .
Again, lymphatic and venous invasion have been
[40]
proposed for a better definition of T category , as
well as the possible use of molecular findings (i.e.,
HER2), but it is still to determine whether these data
should be actually introduced in the TNM staging
system or they should be considered as additional (and
thus optional) prognostic factors.
In conclusion, further improvements are obviously
needed, but if on one hand the integration with
molecular and histopathological findings may give
more precision to prognosis prediction, on the other
hand it will certainly reduce the easy applicability of
[39]
the staging scheme .
Without any doubt we are going toward a more
specific and precise staging system, and this requires
strict statistical evaluations. While waiting for the
perfect staging system, we should at first reach stan
dardization of both surgical (use of staging laparoscopy,
extent of resection, proper lymphadenectomy) and
pathological technique (blocks of primary tumor, nodes
count accuracy, immunoistochemistry of lymph nodes
to detect isolated tumor cells, technique for peritoneal
cytology), so that the future TNM classification will not
be conditioned by the need of supply to inadequate
surgery and/or inadequate pathological staging.

Table 1 Stage grouping based on cluster analysis in the
International gastric cancer association stage grouping

T1
T2
T3
T4a
T4b

N0

N1

N2

N3a

N3b

ⅠA
ⅠB
ⅡA
ⅡB
1
ⅢA

ⅠB
ⅡA
ⅡB
ⅢA
ⅢB

ⅡA
ⅡB
ⅢA
1
ⅢA
1
ⅢB

ⅡB
ⅢA
ⅢB
1
ⅢB
ⅢC

ⅢB
1
ⅢB
1
ⅢC
ⅢC
ⅢC

1

1

Categories are different from 7th TNM grouping.

[35]

conducted even on T2 tumors , at the moment T3 is
often excluded from perioperative treatment strategy.
The change of Tis and T1 categories simplified the
(endoscopic) management of early cancers. Even if
the change of T3 category did not imply significant
publications on the comparison between the sixth and
the seventh TNM classification, in the future revisions
it could be useful to reconsider a simplification of the
staging related to the deep involvement of stomach
wall.

GROUP STAGING
Finally, the aforementioned revisions of the three
parameters also resulted in a rearrangement of stage
grouping. The most important feature in latest TNM
is that only distant metastasis defines stage Ⅳ (very
[4]
poor prognosis) ; this means that T4 and N3 are not
necessarily considered signs of significantly advanced
disease anymore. This could probably have been
induced by an excessive optimism towards multimodal
treatment, recruiting at the moment more advanced
[36]
disease . However, patients with N3b tumors do
[37]
have a very scarce prognosis , although they are
considered same as N3a in stage grouping.
[38]
Dikken et al , testing latest TNM in prognostication
of 2196 patients, found a decreased heterogeneity
among stage groups, and observed that the increased
complexity of the latest TNM is not accompanied
by an improvement in prognostic accuracy of stage
[39]
grouping. Regarding this aspect, Röcken et al
proposed to reduce to 3 groups (instead of 7) M0
patients according to different combinations of the new
T and N parameters: low risk group with > 60% 5-year
survival rate, intermediate risk group with 20%-60%
5-year survival rate and high risk group with < 20%
5-year survival rate.
Since stage grouping is essential in prognostication
(not in treatment planning), hopefully summing the
three parameters, it is probably here that great simpli
city and high accuracy has to be reached.

CONCLUSION
Although many criticisms have been reported since
seventh TNM classification was adopted, we may
consider it a valuable tool in assessing the extent of
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It is currently known that colorectal cancers (CRC) arise
from 3 different pathways: the adenoma to carcinoma
chromosomal instability pathway (50%-70%); the
mutator “Lynch syndrome” route (3%-5%); and the
serrated pathway (30%-35%). The World Health
Organization has classified serrated polyps into three
types of lesions: hyperplastic polyps (HP), sessile
serrated adenomas/polyps (SSA/P) and traditional
serrated adenomas (TSA), the latter two strongly
associated with development of CRCs. HPs do not
cause cancer and TSAs are rare. SSA/P appear to be
the responsible precursor lesion for the development
of cancers through the serrated pathway. Both HPs
and SSA/Ps appear morphologically similar. SSA/P
are difficult to detect. The margins are normally
inconspicuous. En bloc resection of these polyps
can hence be troublesome. A careful examination of
borders, submucosal injection of a dye solution (for
larger lesions) and resection of a rim of normal tissue
around the lesion may ensure total eradication of these
lesions.
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stable (MSS)/MSI-low cancers which have the CpG
island methylator phenotype (CIMP) and BRAFmutation but are KRAS negative. The third subtype
represents an alternative pathway which originates in
KRAS mutation with no CIMP, BRAF or MSI association.
Subtypes 2 and 3 have a higher association with
[4]
mortality . Subtype 4 reflects CRC arising from
the traditional adenoma-carcinoma sequence, and
are MSS/MSI-low, CIMP, BRAF and KRAS negative.
Subtype 5 indicates lynch syndrome and is associated
with high prevalence of a family history of CRC. They
are MSI-high but CIMP, BRAF and KRAS negative.
The serrated pathway is much less well understood.
Systematic resection of premalignant serrated lesions
could further improve the outcomes of CRC screening
programs. One of the main problems with this
protocol is the difficulty in identifying these lesions.
Unlike adenomas, not all serrated lesions are linked
to colorectal cancer. According to the World Health
Organization, there are three types of serrated lesions:
Hyperplastic polyps (HP), sessile serrated adenomas/
polyps (SSA/P) and traditional serrated adenomas (TSA).
TSA is usually easy to identify due to its protuberant
pine cone-shape. While SSA/P is also associated with
cancer, HP is not and their discrimination is troublesome
as they look morphologically similar at colonoscopy,
even with image enhancing endoscopy (IEE) tech
niques. Despite the adoption of numerous different
classifications, the ability to predict HP from SSA/P
[5,6]
has unfortunately been overlooked . More recently,
a newly proposed approach known as Workgroup
Serrated polypS and Polyposis WASP classification has
allowed the distinction between HP and SSA/P with
[7]
reasonable accuracy . It consists of cloud-like surface,
indistinctive borders, irregular margins and open
pit patterns, features described as being associated
[8]
with SSA/P in another previous study . The need to
adequately identify SSA/P from HP arises from evidence
supporting SSA/P as the major malignant source
[2,9-12]
amongst serrated lesions
.

Core tip: Colorectal cancers (CRC) arise from 3 path
ways: adenoma to carcinoma; “Lynch syndrome”; and
serrated. There are 3 types of serrated lesions namely:
Hyperplastic Polyps, Sessile Serrated Adenomas/Polyps
and Traditional Serrated Adenomas, the latter two are
associated with CRC. A careful examination of borders,
submucosal injection with dye and ensuring that a rim
of normal tissue is removed is paramount.
Singh R, Zorrón Cheng Tao Pu L, Koay D, Burt A. Sessile
serrated adenoma/polyps: Where are we at in 2016? World J
Gastroenterol 2016; 22(34): 7754-7759 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i34/7754.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i34.7754

INTRODUCTION
Colorectal cancer (CRC) is a major health concern,
especially in western countries. According to the
American Cancer Society’s estimates, CRC accounts
for almost 50000 deaths in the United States with
almost 130000 new cases diagnosed in 2016. It is
the third commonest type of cancer. Effective scree
ning programs for identification of malignant and
premalignant colorectal lesions are thus of utmost
importance. In the last few decades the adenoma to
adenocarcinoma pathway has been well recognized.
For some time it was believed to be the only pathway
apart from the “Lynch syndrome” route that results
in the development of CRC. The effort to detect
and eradicate adenoma have been the main goal in
preventive colorectal programs, leading to improved
[1]
outcomes. Zauber et al showed that colonoscopic
removal of adenomatous polyps led to a 53%
reduction in mortality from CRC during the first 10
years after polypectomy.
It is currently believed that CRC arises from
3 different pathways: the adenoma to carcinoma
pathway which accounts for about 50%-70% of
cancers; through the mutator “Lynch syndrome” route
(3%-5%); and more recently the serrated pathway
(30%-35%). The latter have become increasingly
recognized as a separate route which could lead to the
[2]
development of CRC .
This triplet division is based on the combined
clinical-molecular characteristics of the lesions. A
deeper understanding of the molecular pathways
[3]
in CRC have been described by Jass in 2007 and
[4]
updated by Phipps et al in 2015. They described 5
molecular subtypes and associated genetic distortions
to describe each one. Subtypes 1, 2 and 3 are related
to the serrated pathway. Subtypes 1 and 2 are either
microsatellite instable (MSI)-high or microsatellite
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IEE
Detecting and characterizing colorectal lesions by IEE
[13-17]
has been reported in several articles
and has been
found to have 92.7% sensitivity and 87.3% specificity
in differentiating adenomas/adenocarcinomas from
[18]
“non-neoplastic” lesions . Differentiating serrated
lesions, specifically SSA/P from HP is more challenging.
The incidence of serrated lesions in the overall
population is 5%-8% (contrasting with 30%-40% for
adenomas), and they are more difficult to see due to
[8,19,20]
their colour and shape
. Their rarity and discreet
morphology could be why there is a longer learning
[21-24]
curve compared to that for adenomas
.
The evaluation of dysplasia within the SSA/Ps could
also be of value. It has been described by Chino et
[25]
al
2016 that the evaluation of crypts and submu
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[28-30]

.
grade dysplasia has a 10-fold variability
New techniques for real-time in vivo optical
diagnosis using IEE have been developed to potentially
predict histology and perhaps permit a more practical
and economical approach for low-risk polyps; for
[31-34]
example the “resect and discard” approach
. There
is evidence from several original articles and metaanalyses that in vivo optical diagnosis using either NBI
or Fujinon intelligent chromoendoscopy would be more
cost-effective compared to histology without significant
changes in follow-up decision, especially for diminutive
[34-37]
polyps
. The American Society for Gastrointestinal
Endoscopy statement of 2011 (Preservation and
Incorporation of Valuable endoscopic Innovations)
describes the standards that new technologies have
to achieve in order to be implemented. For the “resect
and discard” strategy, it asks for ≥ 90% agreement
in the assignment of post-polypectomy surveillance
intervals when compared with decisions based on
histopathology. With regards to the policy of leaving
suspected rectosigmoid hyperplastic polyps measuring
≤ 5 mm in place, a ≥ 90% negative predictive
[31]
value for adenomatous histology is mandated . Abu
[38]
Dayyeh et al
on behalf of the American Societies
for Gastrointestinal Endoscopy (ASGE) Technology
Committee in 2015 reported in a meta-analysis that
the diagnostic value of IEE for diminutive colorectal
polyps achieved a pooled NPV 91% and pooled followup agreement of 89%. Despite the pooled analysis
for agreement in the assignment of surveillance
intervals which did not reach the 90% threshold for
NBI; experienced endoscopists were able to exceed
this (93%) when the diagnosis was made with high
confidence.

Figure 1 Inconspicuous margins of a sessile serrated adenomas/polyps
with and without narrow-band imaging.

cosal vessels with narrow band imaging (NBI) and
magnification might be useful in evaluating dysplasia
in SSA/P, which leads to poorer outcomes.
Although there is certainly enthusiasm for IEE
techniques, histopathology remains the gold standard
for evaluating colorectal lesions. Nonetheless, improving
technology that could be used by the endoscopist in
real time would definitely be beneficial for serrated
[26]
lesions as it has been for adenomas . This technology
will need to provide immediate feedback and accurately
predict the final histopathology (Figure 1).

PREDICTORS OF MALIGNANCY AMONG
SSA/P
The most common group of lesions are the dimi
nutive polyps (≤ 5 mm in size), which represent
approximately 60% of all polyps detected at primary
screening colonoscopy. Their overall association with
[39,40]
advanced pathology is low but not negligible
.
[41]
On the contrary, Burgess et al
have demonstrated
that size matters in terms of SSA/P. For every 10 mm
increase in lesion size, the OR is 1.90 for cytological
dysplasia. SSA/P with cytological dysplasia (SSA/P-D)
is also associated with presence of 0-Is component of
the Paris’ Classification (OR = 3.1), Kudo’s pit pattern
Ⅲ, Ⅳ or Ⅴ (OR = 3.98) and increasing age (OR = 1.69
per decade).
[32]
Yamada et al
recently described the presence
of dilated branch vessels as an aspect of SSA/Ps
with dysplasia. Apart from their characteristics at
[42,43]
chromoendoscopy and magnification
, there are
some aspects that we can use to distinguish SSA/Ps
with and without malignancy potential.
Endocytoscopy is an emerging modality with

SSA/P AND HP DIFFERENTIATION
A conceptual way to define each serrated lesion is
based on differences in the proliferation zones within
[27]
the serrated crypts in each group . In HP, the
expanded proliferation zone is located at the base
of the crypts and cells mature towards the surface
symmetrically. In SSA/P, the proliferation zone is to
the side of the crypts instead of the base, resulting
in maturation of epithelial cells laterally, towards the
surface and the base, leading to crypt base dilatation
(pattern Ⅱ -open). Within SSA/P, the presence of
dysplasia is usually evident and must be accompanied
by SSA/P component adjacent to it once its his
topathology is similar to adenomas. Unfortunately,
this theoretical classification may be misleading.
Confounded even by expert pathologists, the poor
agreement for the diagnosis of villous features or high
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polyps of any size distributed throughout the colon. In
[51]
these cases, the follow-up should be at 1 year . The
major problem is that these guidelines rely upon the
assumption that the serrated lesions are detected and
resected adequately, which is not always the case.

CONCLUSION
SSA/P is an important pre-malignant lesion that can
easily be missed. Efforts must be made in order to
alter the nomenclature of “non-neoplastic lesions”
to non-adenomatous lesions as the role of serrated
lesions in the development of colorectal cancer is now
well established. A longer training must be pursued
and cutting-edge IEE technologies developed and
studied in order to diminish the miss rate for serrated
lesions. The implementation of a “serrated polyps
detection rate” could be implemented alongside the
“adenoma detection rate” as a quality indicator for
colonoscopy.

Figure 2 Resection of a sessile serrated adenomas/polyps with dye of
submucosal layer with indigo carmine - no residual lesion.

diagnostic potential for SSA/P. It allows in vivo
visualization of cells and nuclei facilitating precise realtime pathological prediction. Oval gland lumens with
small round nuclei has a sensitivity of 83.3% and
specificity of 97.8% for the diagnosis of SSA/P. It is
also a promising tool for diagnosing SSA/P-D due to its
ability to detect morphological changes in the nuclei as
[44]
[45]
described by Mori et al and Kutsukawa et al .
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MINIREVIEWS

Long-term outcomes of autoimmune pancreatitis
Tsukasa Ikeura, Hideaki Miyoshi, Masaaki Shimatani, Kazushige Uchida, Makoto Takaoka, Kazuichi Okazaki
AIP during long-term follow-up. Recently published
studies regarding the long-term outcomes of AIP
has demonstrated the developments of pancreatic
stone formation, exocrine insufficiency, and endocrine
insufficiency are observed in 5%-41%, 34%-82%, and
38%-57% of patients having the disease. Furthermore,
the incidence rate of developing pancreatic cancer
ranges from 0% to 4.8% during the long-term followup. The event of death from AIP-related complications
other than accompanying cancer is likely to be rare.
During follow-up of AIP patients, careful surveillance for
not only relapse of the disease but also development of
complications at regular intervals is needed.
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Core tip: There is limited information on long-term
outcomes of patients with autoimmune pancreatitis
(AIP). This review provides a current overview of AIP
regarding long-term outcomes such as pancreatic
stone formation, pancreatic exocrine or endocrine
dysfunction, associated malignancy, and mortality.
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INTRODUCTION
Autoimmune pancreatitis (AIP), which was first proposed
[1]
as a novel clinical entity by Yoshida et al in 1995, is
[2]
a unique chronic inflammation of the pancreas . The
disease is radiologically characterized by focal or diffuse
pancreatic enlargement and irregular narrowing of

Abstract
Autoimmune pancreatitis (AIP) has been considered
a favorable-prognosis disease; however, currently,
there is limited information on natural course of
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Table 1 Development of pancreatic stone formation and functional impairment in autoimmune pancreatitis patients during longterm follow-up
Ref.

Year

Follow-up period (mo)

Incident rate
Pancreatic stone

Uchida et al[15]
Maire et al[23]
Maruyama et al[14]
Hart et al[12]
Hirano et al[13]
Buijs et al[24]

2006
2011
2012
2013
2013
2015

41
50
91
NA
76
75

4.8% (1/21)
NA
40.6% (28/69)
7.0% (46/659)
11.3% (8/71)
NA

Endocrine dysfunction

Endocrine dysfunction

60.0% (6/10)
34.1% (15/44)
NA
NA
NA
82.4% (56/68)

46.2% (6/13)
38.6% (17/44)
NA
NA
NA
56.1% (37/66)

NA: Not available.
[3]

the main pancreatic duct . The main clinical finding
is a dramatic response to steroids. Two histological
subtypes of AIP have been recognized, namely types
[3-6]
1 and 2 . Type 1 AIP is histologically characterized
by periductal abundant infiltration of lymphocytes
with IgG4-positive plasma cells, storiform fibrosis,
and obliterative phlebitis. Patients with type 1 AIP are
often elderly men, with elevated serum IgG4 levels and
extrapancreatic lesions (e.g., sclerosing cholangitis,
sclerosing sialadenitis, and retroperitoneal fibrosis).
Recently, type 1 AIP is considered as a pancreatic
[7,8]
manifestation of IgG4-related disease (IgG4-RD) .
By contrast, the histological findings of type 2 AIP
are characterized by the presence of granulocytic
epithelial lesions (GEL), but not IgG4-positive plasma
cells around the large or medium sized pancreatic
duct. Patients with type 2 AIP are often younger, have
normal serum IgG4 levels, and frequently develop
inflammatory bowel diseases, particularly ulcerative
[9]
colitis .
Generally, the short-term prognosis of AIP is consi
dered favorable based on the remarkable improvement
of clinical and radiological findings after steroid therapy.
By contrast, information on the long-term prognosis
of AIP is limited because it is approximately 15 years
after discovery of high serum IgG4 concentrations in
[10]
patients with AIP . This review provides a current
overview of AIP regarding long-term outcomes such
as pancreatic stone formation, pancreatic exocrine or
endocrine dysfunction, associated malignancy, and
mortality.

newly formed pancreatic stones or increased formation
of pancreatic stones during follow-up is observed in
5%-41% of cases, whereas no patient with type 2
[12-15]
AIP develop pancreatic stone formation (Table 1)
.
In a multinational study, pancreatic duct stones are
regarded as a relatively uncommon complication,
occurring only in 7% of type 1 AIP patients with
follow-up, and pancreatic stone formation occurs
more frequently in patients with relapse of the disease
[12]
at least once than in patients without relapse . A
[13]
multivariate analysis by Hirano et al
demonstrated
that ethanol consumption of > 50 g/d was a significant
risk factor of pancreatic stone formation during the
clinical course of type 1 AIP (OR = 7.47; 95%CI:
1.093-51.1, P = 0.040), indicating that similar to
ordinary CP, changes in the pancreatic juice component
due to high alcohol consumption may in part contribute
[14]
to stone formation. By contrast, Maruyama et al
reported that the independent risk factor of pancreatic
stone formation is not alcohol intake but narrowed
Wirsung’s and Santorini’s ducts at diagnosis of AIP
(OR = 4.4; 95%CI: 1.3-15.5, P = 0.019). Moreover,
residual pancreatic head swelling and/or narrowing
of Wirsung’s and Santorini’s ducts after corticosteroid
therapy were more frequently found in patients with
newly formed pancreatic stone than in patients without
stone. These results indicate that the stone formation
in AIP results from stasis of pancreatic juice due to the
[14]
narrowing of the pancreatic head .
Pancreatic stone is a major cause of pain in ordinary
CP, and thus, some patients require pain management
including medical treatment, endoscopic treatment,
and surgery. By contrast, AIP patient with pancreatic
[16-18]
stone seem not to experience chronic pain
.

OCCURRENCE OF PANCREATIC STONE
AND DYSFUNCTION DURING LONGTERM FOLLOW-UP IN PATIENTS WITH
AIP

Development of pancreatic functional impairment

In the typical long-term course of ordinary CP, pan
creatic exocrine and endocrine dysfunctions occur
owing to the destruction of acinar and Langerhans islet
cells, inducing maldigestion and diabetes mellitus as
[19]
clinical presentations . At the time of AIP diagnosis,
exocrine and endocrine insufficiencies were observed in
[20-22]
66%-81% and 46%-67% of cases, respectively
.
After long-term follow-up, 34%-82% and 39%-57%

Development of pancreatic stone

In ordinary chronic pancreatitis (CP), especially alcoholinduced pancreatitis, pancreatic stone is the most
common complication. Pancreatic stone formation
results from the hypersecretion of protein from acinar
[11]
cells and stasis of pancreatic juice . In type 1 AIP,
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Table 2 Characteristics of the autoimmune pancreatitis patients with pancreatic cancer whose clinical data were available
Case
1
2
3
4
5
6
7
8
9
10
11
12

Ref.

Year

Age

Sex

Smoking

Alcohol

Diabetes

Location of the PC

Period onset of AIP to PC

Inoue et al[39]
Ghazale et al[40]
Witkiewicz et al[41]
Motosugi et al[42]
Matsubayashi et al[43]
Gupta et al[48]
Gupta et al[48]
Hirano et al[47]
Hirano et al[47]
Ikeura et al[46]
Ikeura et al[46]
Ikeura et al[46]

2006
2007
2008
2009
2009
2012
2012
2014
2014
2014
2014
2014

62
72
80
59
65
73
69
58
70
61
39
80

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

Yes
NA
NA
NA
No
NA
NA
No
No
Yes
No
No

No
NA
NA
NA
No
NA
NA
NA
NA
No
No
No

Yes
NA
NA
Yes
No
NA
NA
Yes
Yes
No
No
Yes

Body
Body
Head
Body and tail
NA
Tail
Head
NA
NA
Head
Body
Head

0 (Synchronous)
60
0 (Synchronous)
0 (Synchronous)
0 (Synchronous)
120
60
119
162
31
186
67

NA: Not available; AIP: Autoimmune pancreatitis; PC: Pancreatic cancer.

of AIP patients had pancreatic exocrine and endocrine
[15,23,24]
dysfunctions, respectively (Table 1)
.
The multivariate logistic regression analysis by
[24]
Buijs et al
demonstrated that the risk factors of the
development of endocrine insufficiency were longer
follow-up period (OR = 1.36; 95%CI: 1.11-1.68) and
older age at onset (OR = 1.06; 95%CI: 1.01-1.11).
Aggravation of glycemic control or new onset of
diabetes mellitus during the clinical course of AIP is
significantly associated with pancreatic parenchymal
atrophy that is observed in approximately onethird of patients after remission induced by steroid
[12,23,25]
therapy
. High tobacco intake has been associated
with the prevalence of diabetes mellitus after long-term
[26]
follow-up .
Although the reported ameliorating effect of
steroid therapy for pancreatic function varies across
studies owing to differences in observation period
and definition of pancreatic exocrine and endocrine
dysfunctions, steroid therapy appears to induce
improvement of pancreatic exocrine function, as
assessed by the urine exocrine N-benzoyl-L-tyrosylp-aminobenzoic acid (BT-PABA) test, in 40%-73% of
AIP patients and glycemic control in 15%-63% of AIP
[15,21,22,27,28]
patients with preexistent diabetes mellitus
.
Some research studies emphasize that steroid therapy
should be performed to preserve insulin secretion
at the early stage of AIP or to improve glucose into
[22,28]
lerance
. However, some cases show new onset of
diabetes mellitus as a side effect of steroid therapy.

some of the patients with advanced-stage AIP were
[30]
misdiagnosed as ordinary chronic pancreatitis .

DEVELOPMENT OF PANCREATIC AND
EXTRAPANCREATIC CANCERS IN AIP
Chronic inflammatory processes play a role in carcino
genesis in various organs, such as liver cancer in
[31]
chronic hepatitis B and C infections , gastric cancer in
[32]
Helicobacter pylori-induced gastritis , colon cancer in
[33]
inflammatory bowel disease , cholangiocarcinoma in
[34]
primary sclerosing cholangitis , and pancreatic cancer
[35]
(PC) in ordinary CP . In type 1 AIP, persistently high
IgG4 serum concentrations were observed in 60%
[36]
of patients even after steroid therapy , and the
relapse rate of type 1 AIP is relatively high, reaching
[12,37,38]
up to 31%-57%
. This suggests the existence of
persisting pancreatic inflammation during an apparent
clinical remission. Therefore, it is reasonable to assume
that type 1 AIP also carries the risk for pancreatic
[39-44]
carcinogenesis. Indeed, several case reports
[12,37,45-49]
and cohort studies
reported that AIP cases
synchronously or metachronously develop PC. Of the
AIP patients who developed PC, 12 had partly or fully
available clinical information, and their characteristics
are shown in Table 2. The mean age of the 12 patients
was 65.7 years (range, 39-80 years). Five (63%) of 8
patients had diabetes mellitus before the diagnosis of
PC. PC was found simultaneously with AIP in 4 patients
and developed in 8 patients during the mean follow-up
period of 100.6 mo (range, 31-186 mo).
Although the accurate prevalence of the develop
ment of PC in AIP is currently unclear because the
clinical profile of patients and surveillance strategy of
AIP during follow-up differ depending on published
studies, the incidence rate of developing PC ranges
from 0% to 4.8% during the follow-up period of
[12,24,27,37,45-52]
33-75 mo
(Table 3). In an international
multicenter analysis, 5 (0.8%) of 659 patients with
type 1 AIP were reported to develop PC more than
3 years after the diagnosis of AIP, with the exception
[12]
of one patient . Whether the risk of pancreatic

Does AIP progress to ordinary CP?

To examine whether type 1 AIP can progress to
ordinary CP over a long disease course, Maruyama
[29]
et al
evaluated the data of 73 patients with type
1 AIP who underwent long-term follow-up by using
the revised Japanese clinical diagnostic criteria for
ordinary CP. Of the 73 patients, 16 (22%) fulfilled the
diagnostic criteria for CP. Furthermore, because 7%
of the patients with previously diagnosed alcoholic
or idiopathic CP had elevated serum IgG4 levels, the
authors were concerned about the possibility that
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[54,55]

adenocarcinoma
, was identified in the pancreases
of all patients with AIP, whereas 40% of patients with
chronic alcoholic pancreatitis showed a K-ras mutation.
These results provide the possibility that AIP is a risk
factor of pancreatic carcinogenesis.
Another mechanism was proposed regarding the
accompanying cancer in AIP. In a multicenter cohort
[52]
study by Shiokawa et al , 14% of AIP patients
developed several extrapancreatic cancers, including
gastric cancer, lung cancer, lymphoma, prostatic cancer,
colon cancer, bile duct cancer, and thyroid cancer,
during the follow-up period, whereas none of the
patients developed PC. Approximately half of these
cancers were diagnosed simultaneously with AIP. The
detection rate of concurrent cancers at the diagnosis of
AIP was significantly higher than those of any cancers
in the control population consisting of individuals who
underwent for the first time a medical checkup with full
examinations. In this cohort, the relative risk of cancer
at AIP diagnosis was 4.9 (95%CI: 1.7-14.9). Moreover,
most of the patients with cancer diagnosed prior to the
diagnosis of AIP did not experience AIP relapse after
successful treatment of their cancers. Based on these
results, they proposed that AIP may be a manifestation
of paraneoplastic syndrome, which is a rare condition
triggered by an altered immune system response to
[56]
a neoplasm . To clarify the question, “Which comes
first, AIP or cancer,” further epidemiological data are
needed.
In the patients with AIP accompanied by PC, tumors
are incidentally discovered as new findings such as
mass formation and stricture of the lower bile duct on
imaging examination performed as surveillance for AIP
relapse. These findings may lead to misdiagnosis as AIP
relapse because of the resemblance of the two diseases.
In case the development of cancer is suspected in
the followed-up patients with AIP, in addition to the
assessment of serum CA19-9 level, pathological
examination using endoscopic ultrasonography-guided
fine-needle aspiration and endoscopic retrograde
cholangiopancreatography should be performed.

Table 3 Development of cancer at or after autoimmune
pancreatitis diagnosis
Ref.

Year

Nishino et al[27]
Takuma et al[50]
Yamamoto et al[51]
Shiokawa et al[52]
Hart et al[12]
Gupta et al[48]
Hart et al[49]
Huggett et al[37]
Hirano et al[47]
Ikeura et al[46]
Shimizu et al[45]
Buijs et al[24]

2006
2011
2012
2012
2013
2013
2014
2014
2014
2014
2015
2015

Follow-up Incident rate Incident rate of
period (mo)
of PC
extrapancreatic
cancer
41
40
37
40
NA
49
43
33
73
62
54
75

0.0% (0/12)
0.0% (0/50)
0.0% (0/106)1
0.0% (0/108)
0.7% (5/659)
2.4% (2/84)
0.9% (1/116)
0.9% (1/115)2
2.1% (2/95)
4.8% (3/63)
1.2% (1/84)
0.0% (0/68)

16.7% (2/12)
NA
10.1% (11/106)1
13.9% (15/108)
7.0% (46/659)
NA
9.5% (11/116)
7.0% (8/115)2
11.5% (13/113)1
3.2% (2/63)
11.9% (8/84)
11.8% (8/68)

1

Includes patients with systemic IgG4-related disease without autoimmune
pancreatitis; 2Includes patients with IgG4-related sclerosing cholangitis.
NA: Not available; PC: Pancreatic cancer.

and extrapancreatic cancer is increased in patients
with AIP compared with the general population is
controversial. Japanese studies have demonstrated
that the standardized incidence rate for cancers in
IgG4-related diseases or AIP ranged from 2.7 to
[51,52]
3.8
. In a United Kingdom cohort, the odds ratio
of developing cancer at diagnosis or during follow-up
was identified to be 2.25 times greater among patients
with AIP/IgG4-related sclerosing cholangitis than
among patients with age- and sex-matched national
[37]
statistical data (95%CI: 1.12-3.94, P = 0.02) .
By contrast, some studies reported that the risk of
developing cancer during follow-up in patients with AIP
[24,47]
is comparable with that in patients without AIP
.
To clarify whether AIP patients are more susceptible to
pancreatic or extrapancreatic cancer, a well-designed
multicenter study is needed to eliminate various
biases.
Few studies provide histological and biological
evidence to support the likelihood of developing PC
[48]
in type 1 AIP. Gupta et al
focused on pancreatic
intraepithelial neoplasia (PanIN), widely recognized
as the precursor lesion of invasive ductal carcinoma,
arising within the pancreases resected from AIP
patients. They demonstrated that the prevalence rates
of PanIN-1, PanIN-2, and PanIN-3 in AIP patients
were 82%, 25%, and 4%, respectively. These rates
are comparable with those in ordinary CP, which is
a well-established risk factor of PC. In our previous
[46]
study , 2 patients with type 1 AIP who developed
accompanying PC had no PanIN lesion in the noncancerous region. However, one patient histologically
exhibited marked lymphoplasmacytic infiltration
with severe fibrosis around the PC, suggesting that
carcinogenesis can result from LPSP, as addressed
by Motonaga et al. Meanwhile, in a genetic research
[53]
by Kamisawa et al , K-ras mutation, an essential
factor in the development of pancreatic ductal
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OUTCOMES OF LONG-TERM
MAINTENANCE STEROID THERAPY
Relapses of type 1 AIP more frequently occur during
follow-up, compared to type 2 AIP. An international
analysis demonstrated relapse rate in type 1 AIP was
significantly higher than that in type 2 AIP (31% vs
[12]
9%, P < 0.001) . The Japanese consensus guidelines
for AIP proposed steroid maintenance therapy (2.5-5
mg/d) within 3 years to prevent relapse of the disease,
whereas steroid therapy protocol without maintenance
[57]
therapy is common in Western countries . Most
[58]
recently, Hirano et al
prospectively investigated
outcomes after long-term maintenance steroid therapy
in 21 patients with AIP. In the study, clinical relapse
rate after the cessation of maintenance steroid therapy
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was unexpectedly high (48%, 11/21). Base on the
results, authors concluded it was desirable to continue
maintenance steroid therapy for over 3 years to
prevent relapse. However, it is still unknown whether
maintenance steroid therapy leads to favorable longterm outcomes not only in terms of prevention of
relapse and progression of AIP but also in terms of
steroid-related side effects.

6

7
8

AIP-RELATED MORTALITY
Patients with AIP are less likely to die from AIPrelated complications other than accompanying
cancer, although mortality due to complications of
IgG4-related diseases, such as liver and renal failure,
[15,50]
has been reported in rare cases
. No significant
difference in survival was observed between patients
with AIP and age- and sex-matched controls from the
[24]
national population . When the event of death during
follow-up was compared between type 1 and type 2
AIP, the mortality rate in type 1 AIP was significantly
[59]
higher than that in type 2 AIP . The explanation for
the higher mortality in the patients with type 1 AIP
could be partly attributed to their higher age.
Long-term use of maintenance steroid therapy
to prevent relapse of the disease can cause serious
side effects, which can be fatal and therefore requires
[45]
considerable attention .

9

10

11
12

13

CONCLUSION
Although the characteristics, magnitude, and sequelae
of complications that occur during a long-term course of
AIP are still poorly understood, careful surveillance for
not only relapse of the disease but also development
of complications at regular intervals during follow-up of
AIP patients is important.
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Abstract
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AIM
To investigate the association of tumor necrosis factor
alpha (TNFα) -G308A polymorphism with different
liver pathological changes in treatment-naïve Egyptian
patients infected with hepatitis C virus (HCV) genotype
4.

Informed consent statement: Informed consents were
obtained from all study subjects before enrollment in the study
and collection of blood samples.
Conflict-of-interest statement: None.

METHODS
This study included 180 subjects, composed of 120
treatment-naïve chronic HCV patients with different
fibrosis grades (F0-F4) and 60 healthy controls. The
TNFα -G308A region was amplified by PCR and the
different genotypes were detected by restriction
fragment length polymorphism analysis. The TNFα
protein was detected by enzyme-linked immunosorbent
assay. The influence of different TNFα -G308A geno
types on TNFα expression and liver disease progression
were statistically analyzed. The OR and 95%CI were
calculated to assess the relative risk confidence.
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work non-commercially, and license their derivative works on
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licenses/by-nc/4.0/
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RESULTS
Current data showed that the TNFα -G308A SNP
frequency was significantly different between controls
and HCV infected patients (P = 0.001). Both the AA
genotype and A allele were significantly higher in late
fibrosis patients (F2-F4, n = 60) than in early fibrosis
patients (F0-F1, n = 60) (P = 0.05, 0.04 respectively).
Moreover, the GA or AA genotypes increased the TNFα
serum level greater than the GG genotype (P = 0.002).
The results showed a clear association between severe
liver pathological conditions (inflammation, steatosis
and fibrosis) and (GA + AA) genotypes (P = 0.035, 0.03,
0.04 respectively). The stepwise logistic regression
analysis showed that the TNFα genotypes (GA + AA)
were significantly associated with liver inflammation
(OR = 3.776, 95%CI: 1.399-10.194, P = 0.009),
severe steatosis (OR = 4.49, 95%CI: 1.441-14.0, P =
0.010) and fibrosis progression (OR = 2.84, 95%CI:
1.080-7.472, P = 0.034). Also, the A allele was an
independent risk factor for liver inflammation (P =
0.003), steatosis (P = 0.003) and fibrosis (P = 0.014).

INTRODUCTION
Hepatic fibrosis is the liver wound healing process for
many injuries, such as excess vitamin A, inherited
metabolic disorders, alcohol, drugs, cholestatic
[1]
disorders, viral hepatitis and autoimmune disorders .
In Egypt, hepatitis C virus (HCV) is a major public
health problem, with a 15% prevalence rate and the
[2]
predominant genotype being genotype 4 . Chronic
HCV patients are usually at risk of developing cirrhosis
and hepatocellular carcinoma. Complications of HCV
infection in Egypt are responsible for 67% of the liver
[3]
disease death rate .
Exacerbated immune response against HCV, along
with the consequent excess production of chronic
inflammatory mediators, is the underlying cause of
liver injury and development of fibrosis. Chronically
infected patients may have a slow, intermediate or
rapid fibrosis progression rate. Multiple factors have
been reported to affect the liver disease progression
[4]
rate . Single nucleotide polymorphisms (SNPs) in
the non-coding or coding regions of cytokine genes
have been documented to affect their expression and
secretion, which can cause chronic inflammation and
[5,6]
disease progression .
Altered expression of cytokines, such as tumor
necrosis factor alpha (TNFα), transforming growth
factor beta, interferon gamma (IFNγ), platelet-derived
growth factor, interleukin (IL)-1, -10 and -28B, and the
IL-1 receptor antagonist, were found to be associated
[1,7,8]
with liver fibrosis
. The expression of these cyto
kines plays important roles in the regulation of liver
cell functions and the fibrotic process in vivo. TNFα is
a proinflammatory and antiviral cytokine secreted by
macrophage and cytotoxic T lymphocytes in the liver,
where it regulates the immune response, cell growth
and apoptosis. TNFα is considered the immunemediated hepatic cytokine that plays a major role in
liver injury and the initiation of the fibrosis process. It
stimulates hepatic stellate cells’ proliferation, chemo
attraction, extracellular matrix components’ secretion
and connective tissue growth factors’ expression.
Therefore, TNFα expression is considered a key
molecular link between liver inflammation, steatosis
[9,10]
and fibrosis
.
[11]
The TNFα gene is located on chromosome 6p21.3 .
Six polymorphisms at nucleotides -1031, -863, -857,
-376, -308 and -238 in the TNF promoter were
[12,13]
thought to influence the TNFα expression
. Several
studies showed that the TNFα -G308A polymorphism
affects the TNFα transcription level. In the normal
population, the wild genotype is GG and AA is the
mutant genotype. The A allele has a significant
functional effect on TNF transcription and is associated
with higher inducible TNFα transcription levels than the
[14]
G allele .
Many inflammatory disorders and infectious

CONCLUSION
TNFα SNP at nucleotide -308 represents an important
genetic marker that can be used for the prognosis of
different liver pathological changes in HCV infected
patients
Key words: hepatitis C virus immune response; tumor
necrosis factor alpha; Single nucleotide polymorphisms;
cytokine expression; Liver disease progression
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Tumor necrosis factor alpha (TNFα) is a
proinflammatory and antiviral cytokine that plays a
major role in liver injury and initiation of the fibrosis
process. We investigated the association of TNFα
-G308A polymorphism with liver pathological changes
in treatment-naïve Egyptian patients infected with
hepatitis C virus (HCV) genotype 4. The results showed
that the TNFα A allele produced high circulating TNFα
in the body, which induces inflammatory response.
The TNFα A allele was an independent risk factor for
liver inflammation, steatosis and fibrosis. TNFα -G308A
represents an important genetic marker that can be
used for the prognosis of different liver pathological
changes in HCV infected patients.
Bader El Din NG, Farouk S, El-Shenawy R, Ibrahim MK,
Dawood RM, Elhady MM, Salem AM, Zayed N, Khairy A, El
Awady MK. Tumor necrosis factor-α -G308A polymorphism
is associated with liver pathological changes in hepatitis C
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[24]

diseases are associated with TNFα -G308A polymor
phism, such as systemic lupus erythematosus, inflam
matory bowel disease, insulin-dependent diabetes
[13,15-17]
mellitus, malaria and leishmaniasis
. In chronic
HCV patients, elevated levels of TNFα were detected
[8]
in liver and serum . TNFα increases fat deposition
[18]
in the liver by affecting the hepatic lipogenesis .
[19]
Furthermore, Hooper et al
showed that increased
levels of TNFα and reduced anti-inflammatory cyto
kines correlate with the severity of liver injury in nonalcoholic steatohepatitis (NASH) patients.
The role of TNFα -G308A polymorphism in HCV
pathogenesis has been examined in different studies,
[6,20-22]
with divergent results
. These variations may be
due to racial background of the studied populations,
[23]
who have different cytokine gene polymorphisms .
Also, these studies focused on the role of TNFα
-G308A in HCV susceptibility and treatment response
rate but none of these studies examined the role of
TNFα -G308A polymorphism in HCV liver steatosis
and fibrosis progression rate. The current study was
designed to investigate the association of TNFα -G308A
polymorphism with liver inflammation, steatosis and
different grades of fibrosis in treatment-naïve Egyptian
patients infected with HCV genotype 4.

system

Detection of HCV virema by real time-PCR

Total RNA was extracted from serum using the QIAamp
Viral RNA Mini Kit (Qiagen, Hilden, Germany) to detect
the presence of HCV RNA. HCV RNA was detected
quantitatively using the Artus HCV RT-PCR Kit (Qiagen)
according to the manufacturer’s instructions. Genotype
of HCV RNA was detected using the INNOLiPA HCV
genotyping Kit (Innogenetics, Ghent, Belgium).

Genotyping of TNFα -G308A polymorphism by PCRrestriction fragment length polymorphism analysis

Total DNA was extracted from whole blood of all
subjects using the QIAamp Blood Kit (Qiagen) according
to the manufacturer’s instructions. The TNFα -G308A
genotyping was performed using PCR-restriction
fragment length polymorphism (RFLP) analysis. The
TNFα -308 G/A promoter polymorphism was amplified
by PCR using 5’-AGGCAATAGGTTTTGAGGGCCAT-3’ as
forward primer and 5’-CCTCCCTGCTCCGATTCCG-3’ as
reverse primer, as previously described by Shmarina
[10]
[25]
et al
and Ho et al . These primers cover the TNFα
-308 polymorphism region and produced a 107 bp
PCR fragment. The PCR amplification was carried out
in 25 µL, containing 5-10 µg DNA, 4 mmol/l MgCl2
(Promega, Madison, WI, United States), 1 µmol/L of
each primer, 200 µmol/L dNTPs (Promega), 1 × PCR
buffer (Promega), and 1 U Go Taq DNA polymerase
(Promega). The PCR thermal cycling was carried out in
an MJ Research cycler instrument. The thermal cycling
conditions consisted of initial denaturation at 94 ℃ for 5
min, followed by 35 cycles of denaturation at 94 ℃ for
30 s, annealing at 58 ℃ for 30 s, and extension at 72 ℃
for 1 min, with a final extension at 72 ℃ for 10 min.
The PCR fragments were detected by electrophoresis in
a 3% agarose gel stained with ethidium bromide.
The G/A allelic polymorphism at TNFα -308 was
detected by RFLP analysis. The PCR (107 bp) fragments
from all subjects were digested with NcoI restriction
enzyme. The digestion reaction was carried out in a
total volume of 20 µL, containing 1 × restriction buffer,
8 µL PCR product, and 5 U NcoI (Promega) according
to the manufacturer’s recommendations. The NcoI
restriction digestion was performed at 37 ℃ for 4 h.
Afterward, 10 µL of the digested products were run on
a 4% agarose gel stained with ethidium bromide.

MATERIALS AND METHODS
Subjects

The study was approved by the Ethics Committee of
the National Research Centre, Giza, Egypt according
to the Helsinki Declaration of 1975 revised in 2008. A
total of 180 subjects, including 120 treatment-naïve
HCV infected patients with different fibrosis grades
grade who did not receive any treatment and 60
healthy controls, were enrolled in this study. Informed
consents were obtained from all study subjects before
enrollment in the study and collection of blood samples.
The healthy controls (mean age, 42.6 ± 9.4 years) had
normal liver function tests, no history of liver injury
and no viral hepatitis, particularly HCV (negative HCV
Ab and negative viremia). The control subjects also did
not suffer from any other metabolic dysfunctions or
bacterial, viral or malignant diseases. The HCV patients
(mean age, 43.1 ± 10.1 years) were admitted to the
Endemic Medicine Department of Kasr El Ainy Hospitals
at Cairo University. Patients were excluded if they had
decompensated cirrhosis, metabolic liver disease,
hepatitis B virus, schistosomiases, alcohol, druginduced hepatitis or any significant coexisting medical
conditions. Laboratory tests, including measurements
of alanine aminotransferase (ALT), aspartate tran
saminase (AST), bilirubin, alkaline phosphatase (ALP),
creatinine, complete blood count, body mass index
(BMI) and HCV viral load were performed, as well
as liver biopsy, for all patients. The extents of liver
inflammation, steatosis and different grades of fibrosis
were determined according to the METAVIR scoring
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Sequence analysis of TNF PCR products

To confirm the results of TNFα -308 PCR-RFLP analysis,
some TNFα -308 PCR products were sequenced using
the Sanger dideoxynucleotide chain termination
method. The TNFα -308 PCR products were purified
using the QIAquick PCR Purification Kit (Qiagen).
Then, the PCR products were sequenced with the TNFα
reverse primer using the BigDye Terminator Cycle
Sequencing Kit (Applied Biosystems Inc, Carlsbad, CA,
United States). After the cycle sequencing reaction, the
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groups and genotypes were performed by t test.
Then, stepwise logistic regression analysis was used
to identify predictors associated with degree of fibrosis
in chronic HCV patients. The OR and 95%CI were
calculated to assess the relative risk confidence. P
value ≤ 0.05 was considered significant, while was
considered P < 0.01 highly significant.

Table 1 Clinical data of 120 chronic hepatitis C virus (F0-F4)
patients
HCV patients with different fibrosis grade (n = 120)
F0
(n = 30)

F1
(n = 30)

F2-3
(n = 30)

F4
(n = 30)

Age (yr)
38.4 ± 7.1
41.5 ± 8.7
43.5 ± 8.4
48.3 ± 9.3
Sex
13/17
12/18
10/20
9/21
(female/male)
BMI (kg/m2)
25.5 ± 2.3
27.6 ± 3.4
28.7 ± 2.7
29.5 ± 2.7
ALT (U/L)
23.4 ±7.1
39.8 ± 23.7
51.1 ± 20.7
60.1 ± 20.3
AST (U/L)
22.4 ± 6.5
34.9 ± 20.9
48.9 ± 25.9
58.7 ± 18.6
ALP (U/L)
113.6 ± 32.8 122.5 ± 37.1
158.7 ± 47.7 153.8 ± 53.5
Total bilirubin 0.53 ± 0.32
0.61 ± 0.23
0.96 ± 0.37
1.60 ± 0.65
(mg/dL)
Albumin
4.10 ± 0.33
4.00 ± 0.38
3.80 ± 0.45
3.50 ± 0.39
(g/dL)
Platelets
300.5 ± 56.2 250.2 ± 48.4
239.6 ± 55.6 159.4 ± 69.5
(× 109/L)
HCV RNA
684.3 ± 124.8 860.1 ± 1042 1241.5 ± 1286.7 1501.4 ±
(× 103 IU/mL)
1661.0
Fibroscan
4.70 ± 0.75
6.30 ± 0.36
9.90 ± 1.78
23.27 ± 9.30
Activity
A0-A1
20 (66.7)
13 (43.3)
10 (33.3)
1 (3.3)
A2-A3
10 (33.3)
17 (56.7)
20 (66.7)
29 (96.7)
Steatosis
≤ 33%
28 (93.3)
26 (86.7)
16 (53.3)
4 (13.3)
> 33%
2 (6.7)
4 (13.3)
14 (46.7)
26 (86.7)

RESULTS
General characteristics of HCV infected patients

The biochemical, virological and histopathological
parameters of 120 HCV-infected patients with different
fibrosis grade (F0: n = 30, F1: n = 30, F2-F3: n =
30, F4: n = 30) are summarized in Table 1. There
were no significant differences within the different
fibrosis groups for age, sex, BMI and HCV RNA viral
load. Patients with liver fibrosis grades F2-3 or F4 had
statistically significant higher levels of AST, ALT, ALP
and total bilirubin and significantly lower platelet count
and albumin level, as compared to patients with liver
fibrosis grade F0 or F1.

TNFα -308 RFLP and sequence analysis

The amplified TNFα -308 PCR products were digested
with NcoI restriction enzyme, and run on 4% agarose
gel, as shown in Figure 1A. The homozygote AA
genotype at TNFα -308 showed the original 107 bp
fragment intact (lacking the NcoI site), while the
homozygote GG genotype showed two fragments of
87 and 20 bp. The heterozygote GA genotype showed
three fragments of 87, 20 and 107 bp. Moreover,
the sequence results confirmed the integrity of the
NcoI restriction site’s surrounding area and verified
the results of the TNFα -308 PCR-RFLP analysis. The
sequence results for the TNFα -308 different genotypes
are shown in Figure 1B.

The clinical data was compared in HCV patients with different fibrosis
grades: F0 (n = 30), F1 (n = 30), F2-F3 (n = 30), F4 (n = 30). The quantitative
data were represented as mean ± SD while qualitative data were
represented as n (%). HCV: Hepatitis C virus; BMI: Body mass index; ALT:
Alanine aminotransferase; AST: Aspartate transaminase; ALP: Alkaline
phosphatase.

products were purified using the BigDye XTerminator
Purification Kit (Applied Biosystems Inc) and analyzed
on the ABI 3500 Genetic Analyzer.

Serum TNFα level measurement

Serum samples were collected and stored at -80 ℃.
TNFα level in serum was determined in 180 subjects
(120 HCV patients and 60 healthy individuals) by
TNF enzyme-linked immunosorbent assay (ELISA) kit
(Biosource Europe S.A, Nivelles, Belgium) according
to the manufacturer’s instructions. The concentration
of TNFα in serum was determined using a double
antibody sandwich ELISA. All samples were analyzed
and recombinant standards were included on every
plate.

Distribution of different TNFα -G308A genotypes in
controls and HCV infected patients with different
fibrosis grade

Distribution of TNFα -G308A genotypes in HCV
infected patients and controls are shown in Table
2. The results showed that the TNFα -G308A SNP
frequency was significantly different between controls
and HCV infected patients (P = 0.001). The TNFα
-G308A genotypes in the controls were 66.6% GG,
30% GA and 3.3% AA. The GG genotype in controls
(66.6%) is higher than in chronic HCV patients (40%),
while the chronic HCV patients had higher GA and AA
genotypes (47.5% and 12.5%) compared to controls
(30% and 3.3%). Moreover, the G allele is more
frequent than the A allele in both controls (81.7% vs
18.3%) and HCV-infected patients (63.8% vs 36.3%),
with statistically significant difference (P = 0.002). The
distribution of TNFα genotypes in HCV patients with
different fibrosis grade is shown in Figure 2. The TNFα
GG genotype was 60% in F0, 43.3% in F1, 33.3% in

Statistical analysis

The statistical methods of this study were reviewed
by a specialized IT development and biomedical stati
stician. Data were collected, prepared and analyzed
using the SPSS software, version 15. Data were
expressed as number and percentage for qualitative
parameters and as mean ± SD for quantitative para
meters. The frequency of genotypes and alleles
2
in patients and controls were analyzed by χ test.
Comparisons of the clinical parameters of different
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A

TNFa -308 PCR-RFLP analysis
M

PCR

GG

AA

GA

107 bp
87 bp

B

TNFa -308 sequence analysis
GG genotype

AA genotype

GA genotype

Figure 1 Tumor necrosis factor α -G308A polymorphism analysis. A: TNFα -308 PCR-RFLP analysis, genomic DNA was extracted, amplified by PCR,
digested with NcoI restriction enzyme and run on a 4% agarose gel. Lanes 1, 2, 3 and 4 correspond to PCR products before digestion, GG homozygote (87 bp), AA
homozygote (107 bp) and GA heterozygote (107 and 87 bp) respectively. B: TNFα -308 PCR sequence analysis, the PCR products of different TNFα -308 genotypes
were purified and sequenced using the reverse primer. The NcoI restriction site is highlighted and the arrow points to the single nucleotide polymorphism. TNFα:
tumor necrosis factor alpha; HCV: hepatitis C virus; RFLP: restriction fragment length polymorphism.

Table 2 Distribution of tumor necrosis factor a -G308A polymorphism in controls and hepatitis C virus infected patients with
different fibrosis grades (F0-F4) n (%)
Polymorphism of
TNFa -308
GG genotype
GA genotype
AA genotype
GA + AA
G allele
A allele

Controls
(n = 60)

HCV Patients
(n = 120)

F0 patients
(n = 30)

F1 patients
(n = 30)

F2-3 patients
(n = 30)

F4 patients
(n = 30)

40 (66.6)
18 (30.0)
2 (3.3)
20 (33.3)
98 (81.7)
22 (18.3)

48 (40.0)
57 (47.5)
15 (12.5)
72 (60.0)
153 (63.8)
87 (36.3)

18 (60.0)
10 (33.3)
2 (6.7)
12 (40.0)
46 (76.7)
23 (23.3)

13 (43.3)
15 (50.0)
2 (6.7)
17 (56.7)
41 (68.3)
19 (31.7)

10 (33.3)
16 (53.4)
4 (13.3)
20 (66.6)
36 (60.0)
24 (40.0)

7 (23.3)
16 (53.4)
7 (23.3)
23 (76.6)
30 (50.0)
30 (50.0)

Genotyping of TNFa -G308A was conducted and distribution of different genotypes and alleles was calculated as percentage and compared in 60 controls
and 120 chronic HCV patients with different fibrosis grades: F0 (n = 30), F1 (n = 30), F2-F3 (n = 30), F4 (n = 30). TNFa: Tumor necrosis factor alpha; HCV:
Hepatitis C virus.

F2-F3, and 23.3% in F4 patients, while the (GA + AA)
genotypes were 40% in F0, 56.7% in F1, 66.6% in
F2-F3, and 76.6% in F4 patients.

grade (F2-F4). Analysis of the frequency of each
TNFα genotype showed that early fibrosis patients
have 26.7% of AA, 43.9% of AG and 64.6% of GG
genotype, which indicates an increasing trend of
having the G allele. The AA genotype was detected
in 73.3% of late fibrosis patients vs 26.7% of early
fibrosis patients (P = 0.05), as shown in Figure 3. In
general, the late fibrosis patients had a statistically
significant higher rate of A allele than the early fibrosis

Frequency of TNFα -308 genotypes in early and late
HCV fibrosis patients

The 120 chronic HCV patients with different fibrosis
grade were classified into 60 patients with early
fibrosis grade (F0-F1) and 60 patients with late fibrosis
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GG

90%

GA

80%

AA

70%
60%

30%

43.3

50

33.3
23.3

20%
0

53.4

53.4

33.3

23.3

13.3
6.7

10%
F0

F1

100%

Early fibrosis

90%

F2-F3

Late fibrosis

80%

F4

20

15

10

0
0

15

30

43.9

20%
10%
AA

Figure 3 Frequency of each tumor necrosis factor α -308 genotype in
early and late hepatitis C virus fibrosis patients. Genotyping of TNFα
-G308A was conducted in 120 chronic HCV patients (F0-F4) using PCR-RFLP
analysis. The frequency of each genotype (GG, GA, AA) was calculated as
percentage and compared in early (F0-F2, n = 60) and late (F2-F4, n = 60)
HCV fibrosis patients. TNFα: tumor necrosis factor alpha; HCV: hepatitis C
virus; RFLP: restriction fragment length polymorphism.

120

AA

GA + AA

GG vs AA
0.0001

0.010

0.002

The TNFa serum level produced by different TNFa -308 genotypes GG,
GA and AA were detected in early and late HCV fibrosis patients. The
TNFa serum level is represented as mean ± SD and was statistically
compared in patients with genotype GG to those with AA genotype. P ≤
0.05 is considered significant, while P ≤ 0.01 is highly significant. TNFa:
Tumor necrosis factor alpha; HCV: Hepatitis C virus.

patients (62.1% vs 37.9% respectively, P = 0.04).

that the TNFα serum level was positively correlated to
HCV liver fibrosis progression (P < 0.001). Moreover,
the TNFα serum concentration was significantly higher
in patients with A containing genotypes (GA or AA)
than in those with GG genotype (10.9 ± 4.9 pg/ml vs
8.3 ± 2.6 pg/ml, P = 0.01) in early fibrosis (F0-F1)
patients and (14.4 ± 4.9 pg/ml vs 10.4 ± 2.1 pg/ml,
P = 0.002) in late fibrosis (F2-F4) HCV patients, as
shown in Table 3.

Relation between TNFα genotypes and serum TNFα
level in HCV infected patients

The TNFα serum levels were determined in healthy
controls and HCV patients with different fibrosis grade.
Compared with that in healthy controls, serum TNFα
level was gradually elevated in HCV infected patients
with different fibrosis grade, as shown in Figure 4.
The results showed that the TNFα serum level was
4.01 ± 1.1 pg/ml in controls, 7.9 ± 2.6 pg/ml in F0
patients, 11.3 ± 4.8 pg/ml in F1 patients, 12.9 ± 4.7
pg/ml in F2-F3 patients, and 14.1 ± 4.9 pg/ml in F4
patients. Patients with late fibrosis (F2-F4) had higher
TNF levels (13.4 ± 4.8 pg/ml) than patients with early
fibrosis (F0-F1) (8.7 ± 2.9 pg/ml). The results showed
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GA

All fibrosis
9.1 ± 2.6 12.1 ± 4.9 16.1 ± 4.9 13.1 ± 5.1
patients
(F0-F4, n = 120)
early fibrosis 8.3 ± 2.6 10.1 ± 4.5 16.2 ± 4.02 10.9 ± 4.9
patients
(F0-F1, n = 60)
late fibrosis
10.4 ± 2.1 13.8 ± 4.5 16.1 ± 5.6 14.4 ± 4.9
patients
(F2-F4, n = 60)

26.7

GA

105

P value

TNFa serum levels
GG

35.4

GG

90

Table 3 Tumor necrosis factor a serum level in 120 hepatitis
C virus patients

56.1

30%

45
60
75
HCV patients (F0-F4)

Figure 4 Tumor necrosis factor α serum level in 120 chronic hepatitis
C virus patients (F0-F4). The circulating TNFα level was determined using
ELISA in 120 chronic HCV patients with different fibrosis grades: F0 (n = 30),
F1 (n = 30), F2-F3 (n = 30), F4 (n = 30). TNFα: tumor necrosis factor alpha;
HCV: hepatitis C virus; ELISA: enzyme-linked immunosorbent assay.

64.6

50%

0

F2-F3

5

F4

73.3

60%

40%

F1

6.7

Figure 2 Distribution of tumor necrosis factor α -G308A polymorphism
in hepatitis C virus infected patients with different fibrosis grade (F0-F4).
Genotyping of TNFα -G308A was conducted for 120 chronic HCV patients
(F0-F4) using PCR-RFLP analysis. The different TNFα -G308A genotypes
were represented as percentages and compared among HCV patients with
different fibrosis grades: F0 (n = 30), F1 (n = 30), F2-F3 (n = 30), F4 (n = 30).
TNFα: tumor necrosis factor alpha; HCV: hepatitis C virus; RFLP: restriction
fragment length polymorphism.

70%

F0

25

60

50%
40%

30

TNF serum level

100%

Association of TNFα genotypes and different liver
pathological grades

The influence of different TNFα genotypes on hepatic
parameters and liver pathology (liver inflammation,
steatosis, and fibrosis) is shown in Table 4. The results
demonstrated that TNFα AA genotype patients have
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Table 4 Influence of tumor necrosis factor a -308 genotypes on the liver biochemical and pathological parameters
TNF genotypes (n = 120)
GG (n = 48)
AST (U/L)
ALT (U/L)
ALP (U/L)
Albumin (g/dL)
Total bilirubin (mg/dL)
Platelets (× 109/L)
HCV RNA (× 103 IU/mL)
Activity
A0-A1 (n = 44)
A2-A3 (n = 76)
Steatosis
≤ 33% (n = 74)
> 33% (n = 46)
Fibrosis
F0-F1 (n = 60)
F2-F4 (n = 60)

P value

AG (n = 57)

AA (n = 15)

GG vs AA

GG vs GA + AA

44.7 ± 21.6
46.5 ± 20.5
138.3 ± 41.5
3.9 ± 0.39
0.89 ± 0.51
224.5 ± 72.3
1083.9 ± 1187.2

57.7 ± 28.7
62.0 ± 28.2
190.1 ± 46.5
3.6 ± 0.59
1.3 ± 0.68
205.8 ± 96.6
1675.5 ± 1477.6

0.0003
0.0001
0.0020
0.0100
0.0002
0.0360
0.0450

0.0003
0.0004
0.3500
0.2000
0.0100
0.0220
0.2200

25 (56.8)
23 (30.3)

18 (40.9)
39 (51.3)

1 (2.3)
14 (18.4)

0.0290

0.0350

36 (48.7)
12 (26.1)

34 (45.9)
23 (50.0)

4 (5.4)
11 (23.9)

0.0280

0.0300

28 (46.7)
20 (33.3)

30 (50.0)
27 (45.0)

2 (3.3)
13 (21.6)

0.0310

0.0400

31.9 ± 20.6
34.5 ± 20.9
113.7 ± 36.8
3.9 ± 0.46
0.73 ± 0.41
254.9 ± 66.2
862.6 ± 1295.6

The effect of different TNFa -308 genotypes (GG, GA, AA) on biochemical parameters (ALT, AST, ALP, albumin, total bilirubin), platelets count and
pathological parameters (activity, steatosis, fibrosis) was statistically analyzed. The biochemical data were represented as mean ± SD, while pathological
data were represented as n (%). P ≤ 0.05 is considered significant, while P ≤ 0.01 is highly significant. TNFa: Tumor necrosis factor alpha; HCV: Hepatitis
C virus; ALT: Alanine aminotransferase; AST: Aspartate transaminase; ALP: Alkaline phosphatase.

100%

GG

90%
80%
70%

Table 5 Stepwise logistic regression analysis for the effect of
tumor necrosis factor a -308 genotypes and alleles on liver
disease progression

GA + AA
69.7

73.9
66.7

TNF genotype

60%
50%
40%
30%

30.3

Activity
GG vs GA + AA
G vs A allele
Steatosis
GG vs GA + AA
G vs A allele
Fibrosis
GG vs GA + AA
G vs A allele

33.3
26.1

20%
10%
0

Activity A2-A3

Steatosis > 33%

Fivrosis F2-F4

Figure 5 Effect of different tumor necrosis factor α genotypes on liver
pathological parameters (inflammation, steatosis and fibrosis). The effect
of high expressing TNFα genotypes (GA + AA) were statistically compared with
the low expressing TNFα genotype (GG), and the results showed strong effect
of (GA + AA) genotypes on liver inflammation (P = 0.007), steatosis (P = 0.005)
and fibrosis (P = 0.032). P ≤ 0.05 is considered significant while P ≤ 0.01 is
highly significant. TNFα: tumor necrosis factor alpha; HCV: hepatitis C virus.

SE

OR (95%CI)

P value

1.329
1.171

0.507
0.400

3.776 (1.399-10.194)
3.226 (1.474-7.060)

0.009
0.003

1.502
1.099

0.580
0.373

4.491 (1.441-14.000)
3.000 (1.445-6.228)

0.010
0.003

1.044
0.895

0.493
0.366

2.841 (1.080-7.472)
2.446 (1.195-5.008)

0.034
0.014

P ≤ 0.05 is considered significant while P ≤ 0.01 is highly significant. TNF:
Tumor necrosis factor.

Stepwise logistic regression analysis for the effect
of TNFα -308 genotypes and alleles on liver disease
progression

Different TNF genotypes were investigated to determine
their significance in liver disease progression using
stepwise logistic regression analysis. The outcome
of liver progression was significantly influenced by
different TNF genotypes and alleles, as shown in Table
5. Patients with TNFα GA and AA genotypes have
increased risk of liver inflammation (A2-A3) (OR =
3.776, 95%CI: 1.399-10.194, P = 0.009), severe
steatosis (> 33%) (OR = 4.49, 95%CI: 1.441-14.0, P
= 0.010) and fibrosis progression (F2-F4) (OR = 2.84,
95%CI: 1.080-7.472, P = 0.034) than those with GG
genotype. In general, patients with A allele have more
risk of liver inflammation, steatosis and fibrosis than

significantly higher levels of AST, ALT, ALP and total
bilirubin than GG patients (P = 0.0003, 0.0001, 0.002
and 0.0002 respectively). Patients with AA genotype
have significantly lower level of albumin and platelets
count (P = 0.01 and 0.036 respectively). Moreover,
the effect of serum TNFα level expressed by genotypes
(GA and AA) on liver inflammation, steatosis and
fibrosis are shown in Figure 5. The results showed that
genotypes GA or AA which express higher TNF serum
level were found in 69.7% of high liver inflammation
(A2-A3) patients, in 73.9% of severe steatotic patients,
and in 66.7% of late fibrotic (F2-F4) patients.
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those carrying the G allele (P = 0.003, 0.003 and 0.014
respectively).

expression and TNFα production up to 5-fold more than
did the G allele.
Several studies have shown that TNFα -308A poly
morphism alters TNFα expression levels and changes
the immune response. It was reported that TNFα
-308A polymorphism can worsen the clinical outcome
of many inflammatory and infectious diseases and
can increase the risk of some autoimmune diseases.
[14]
Abraham and Kroeger
defined TNFα as a genetic
susceptibility factor for some autoimmune, inflam
matory and infectious diseases. High TNFα expression
level was also reported to inhibit insulin signaling and
decrease adiponectin levels, leading to development
of insulin resistance and liver steatosis. Furthermore,
it was demonstrated that high circulating TNFα is a
[35]
potent risk factor for steatosis .
In the present study, we examined the link between
high TNFα serum levels and liver inflammation, stea
tosis and fibrosis. Our results showed that TNFα
-308AA genotype patients have significantly higher
levels of AST, ALT, ALP and total bilirubin than GG
patients. Also, HCV patients with severe liver patholo
gical conditions (inflammation, steatosis and fibrosis)
have high frequencies of TNFα (GA or AA) genotypes.
These results showed a clear association between
severe liver pathological conditions (inflammation,
steatosis and fibrosis) and (GA + AA) genotypes (P
= 0.035, 0.03 and 0.04 respectively). These results
suggest that A containing genotypes (GA + AA)
express higher TNFα levels than GG genotype and
consequently induce inflammatory response that leads
[36]
to liver inflammation, injury and severe fibrosis .
Our results confirmed the previous studies in
which a significant elevation in TNFα serum level was
detected in cirrhotic liver patients and was correlated
[22,37,38]
with progression to hepatocellular carcinoma
. It
was reported that TNFα -308AA genotype is associated
[21,31]
with the HCV pathogenesis and viral persistence
.
[35]
Aller et al
showed that patients with the TNFα
mutant genotype (GA or AA) have moderate to severe
portal inflammation and fibrosis, contrasting those
patients with wild genotype (GG). Also, high TNFα
[35]
plays a role in fatty liver disease pathogenesis
and
[19]
leads to severe liver injury in NASH patients . How
ever, other studies were unable to find any association
between TNFα genetic polymorphisms and severity of
[6,26,39]
liver disease or response to antiviral therapy
.
The stepwise logistic regression analysis showed
that the TNFα genotypes (GA + AA) were significantly
associated with liver inflammation (OR = 3.776,
95%CI: 1.399-10.194, P = 0.009), severe steatosis
(OR = 4.49, 95%CI: 1.441-14.0, P = 0.010) and
fibrosis progression (OR = 2.84, 95%CI: 1.080-7.472,
P = 0.034). The A allele was an independent risk factor
for liver inflammation (P = 0.003), steatosis (P =
0.003) and fibrosis (P = 0.014). Therefore, the current
results confirm that HCV infected patients carrying
one or two A alleles at TNFα -308 have a risk factor for
development of severe liver pathological grades.

DISCUSSION
Cytokines represent a large family that includes the
IFNs, ILs, chemokines and TNF proteins. Cytokines
play important roles in the activation and regulation
of human immune responses and their production are
[26]
variable due to SNPs . Several studies have reported
the impact of different cytokines’ polymorphisms on
the pathogenesis and outcomes of many diseases.
Competent cytokine responses to HCV infection are
very important to control virus replication, disease
progression and treatment response.
TNFα is a diverse multifunctional, proinflammatory
and immuno-mediator cytokine. Several studies have
shown that the A allele at the TNFα promoter region
-308 polymorphism affects the transcriptional level
[27,28]
of TNFα gene
. There are few data regarding the
role of TNFα polymorphism in disease progression
and response to antiviral therapy in patients infected
with HCV genotype 4. In this study, we examined the
association between TNFα -G308A polymorphism and
pathological parameters of liver such as inflammation,
steatosis and fibrosis in 120 treatment-naïve HCV
genotype 4 Egyptian patients.
Current findings showed that TNFα GG genotype
is significantly higher in controls than in HCV infected
patients (66.6% vs 40%, P = 0.001), while the A
allele tends to be more frequent in HCV-infected
patients than in controls (36.3% vs 18.3%, P =
0.002). The (GA + AA) genotypes exhibited gradual
increase with progressive fibrosis, with 40% in (F0),
56.7% in (F1), 66.6% in (F2-F3), and 76.6% in (F4).
In general, 62.1% of the A allele were found in late
fibrosis patients (F2-F4) compared to 37.9% in early
fibrosis patients (F0-F1) (P = 0.015). Similar results
[29]
were found by Dogra et al , who reported that the
frequency of TNFα -308 genotypes was significantly
different between healthy controls and HCV patients.
The association between TNFα -308A allele and HCV
persistence and failure of response to IFN treatment
[30]
[31]
was reported by Radwan et al
and Dai et al .
Nevertheless, other studies failed to find association
between the TNFα -G308A polymorphism and chro
[6,20,32]
nicity of HCV infection
.
On the other hand, there were significantly high
serum TNFα mean values in late fibrosis (F2-F4)
patients, with higher levels in individuals with GA or
AA genotypes than those with GG genotype. Similar
findings were reported in patients with Crohn’s
disease, where the TNFα -308A allele was associated
with increased TNFα production and inflammatory
[33]
[34]
activity . Also, Roth-Isigkeit et al reported elevated
TNFα serum levels in GA heterozygote individuals
undergoing cardiac surgery. Further in vitro support
of these findings was reported by Abraham and
[14]
Kroeger , who found that A allele induced mRNA
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Several experimental studies showed that the
inhibition of TNFα signaling by anti-TNFα antibodies or
compounds could reduce inflammation, liver injury and
[40,41]
improve fibrosis
. However, complete neutralization
of TNFα in alcoholic hepatitis patients was associated
[42]
with serious infectious complications . Therefore,
it was recommended to use pentoxifylline (PTX),
which partially attenuates TNFα level and has lower
infectious complication rates. It was demonstrated that
PTX therapy effectively reduces the liver biochemical
parameters and improves the histological injury in
[43]
NASH patients .
Although liver biopsy is the conventional way to
determine the grade of liver fibrosis, it is an invasive
method and there is too much sampling. Therefore,
there is an increasing need for biomarkers that are
specific, sensitive and respond quickly to changes
in fibrosis and activity grades. Based on the results
of the current study and our previous work on
[44,45]
[7,46,47]
IL28B
, OAS1 and MxA
, we have presented
some potential genetic markers that can be useful
in the determination of liver disease progression.
In conclusion, the TNFα SNP at nucleotide -308
represents an important genetic marker for developing
strategies of prognosis for liver inflammation, steatosis
and fibrosis in HCV infected patients.

to predict the liver disease progression rate in treatment-naïve chronic HCV
genotype 4 infected patients. There is a demanding need for biological and
genetic markers’ application for making a decision as to whether the HCV
patient will have progressive liver disease or not. These data clearly improve
the predication by detecting the TNFα -308 polymorphism and assessing the
TNFα serum level. The data presented in this study demonstrated that the
TNFα expression level provide a predictive value for liver disease progression
rate.
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Abstract
AIM
To investigate the effects of Lizhong Tang, a traditional
Chinese medicine formula, on gastrointestinal motility
in mice.

Institutional animal care and use committee statement:
Animal care and experiments were conducted in accordance
with the guidelines issued by the Institutional Animal Care and
Use Committee (IACUC) of Pusan National University (Busan,
Republic of Korea; Approval No. PNU-2015-1036) and the
Guide for the Care and Use of Laboratory Animals from the
National Institutes of Health.

METHODS
The in vivo effects of Lizhong Tang on GI motility were
investigated by measuring the intestinal transit rates
(ITRs) and gastric emptying (GE) values in normal mice
and in mice with experimentally induced GI motility
dysfunction (GMD).

Conflict-of-interest statement: The authors declared that they
have no conflicts of interest to this work.
Data sharing statement: No additional data are available.

RESULTS
In normal ICR mice, the ITR and GE values were
significantly and dose-dependently increased by Lizhong
Tang (ITR values: 54.4% ± 1.9% vs 65.2% ± 1.8%,
P < 0.01 with 0.1 g/kg Lizhong Tang and 54.4% ±
1.9% vs 83.8% ± 1.9%, P < 0.01 with 1 g/kg Lizhong
Tang; GE values: 60.7% ± 1.9% vs 66.8% ± 2.1%, P
< 0.05 with 0.1 g/kg Lizhong Tang and 60.7% ± 1.9%
vs 72.5% ± 1.7%, P < 0.01 with 1 g/kg Lizhong Tang).
The ITRs of the GMD mice were significantly reduced
compared with those of the normal mice, which were
significantly and dose-dependently reversed by Lizhong
Tang. Additionally, in loperamide- and cisplatin-induced
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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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licenses/by-nc/4.0/
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models of GE delay, Lizhong Tang administration
reversed the GE deficits.

cells of GI muscles and generate rhythmic oscillations
[7-9]
in membrane potentials known as slow waves
by
2+
2+
activating Ca entry through L-type Ca channels in
[10,11]
smooth muscles to initiate GI contractions
. In this
report, we found that Lizhong Tang affected GI motility
by modulating pacemaker activity in ICC through
2+
internal Ca - and phospholipase (PLC)-dependent
[6]
pathways . However, despite the widespread use
of Lizhong Tang to treat GI disorders, little is known
about its regulatory effects on GI motility. Therefore,
we performed this study to investigate the effects of
Lizhong Tang on the mouse GI tract in vivo.

CONCLUSION
These results suggest that Lizhong Tang may be
a novel candidate for development as a prokinetic
treatment for the GI tract.
Key words: Lizhong Tang; Gastrointestinal disorders;
Motility; Intestinal transit rate; Gastric emptying
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Lizhong Tang, a traditional Chinese medicinal
formula, has been widely used in China, Japan, and
South Korea for many years to ameliorate gastro
intestinal (GI) disorders. Our data suggest that Lizhong
Tang is a novel candidate for development as a prokinetic
agent for treatment of GI motility dysfunctions in man.

MATERIALS AND METHODS
Preparation of the standard solutions and sample
extracts

Liquiritin, 6-gingerol, ononin, glycyrrhizin, ginsenoside
Rg1, isoliquiritin, and atractylenolide Ⅲ were accurately
weighed and dissolved in methanol (all at 100 μg/
mL) to prepare standard solutions. Lizhong Tang
powder was dissolved in the water and then filtered
TM
through a 0.2 μm syringe filter (BioFACT , South
Korea) prior to injection in the high performance liquid
chromatography (HPLC).

Lee MC, Ha W, Park J, Kim J, Jung Y, Kim BJ. Effects of
Lizhong Tang on gastrointestinal motility in mice. World J
Gastroenterol 2016; 22(34): 7778-7786 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i34/7778.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i34.7778

Chromatographic conditions

An Agilent 1200 (Agilent Technologies, Palo Alto,
CA, United States) equipped with an autosampler,
degasser, quaternary solvent pump, and diode array
detector (DAD) was used for the analysis. The data
were acquired using ChemStation software (Agilent
Technologies, Palo Alto, CA, United States). Separation
was performed on a Capcell Pak Mg Ⅱ C18 column
(4.6 mm × 250 mm, 5 μm; Shiseido, Tokyo, Japan) at
35 ℃. The mobile phase consisted of water containing
0.1% trifluoroacetic acid (A) and acetonitrile (B),
and gradient elution was conducted as follows: 5%
(B) for 0-1 min; 5%-10% (B) for 1-5 min and held
for 5 min; 10%-15% (B) for 10-12 min and held for
4 min; 15%-20% (B) for 16-18 min and held for 4
min; 20%-23% (B) for 22-25 min and held for 6 min;
23%-28% (B) for 31-32 min and held for 8 min; and
28%-65% (B) for 40-80 min and held for 2 min. The
column was then re-equilibrated using 5% (B) for the
subsequent analyses. The flow rate was set at 1.0 mL/min,
and the detection wavelengths were 205, 230, 250,
280, and 360 nm.

INTRODUCTION
Lizhong Tang, also known as Yijung-tang or Richu[1]
to, is a traditional Chinese medicine (TCM) formula
and is composed of Radix Ginseng (Panax ginseng
C.A. Meyer), Rhizoma Zingiberis (Zingiber officinale
Roscoe), Rhizoma Atractylodis Macrocephalae (Atracty
lodes macrocephala Koidz.), and Radix Glycyrrhizae
[2]
(Glycyrrhiza uralensis Fisch) . Lizhong Tang is widely
used in traditional medicine to treat gastrointestinal
(GI) disorders, such as vomiting, diarrhea, stomach
pain, chronic gastritis, stomach bleeding, and GI
[1-3]
ulceration, in China, Japan, and South Korea
.
However, no studies have been conducted to evaluate
the effect of Lizhong Tang on GI motility.
Prokinetic agents are medications that enhance
coordinated GI motility and the transit of content in
the GI tract mainly by amplifying and coordinating
the GI muscular contractions. In addition, prokinetic
therapy should be considered as a means to improve
gastric emptying and symptoms of gastroparesis,
[4]
balancing the benefits and risks of treatment . Re
cently, prokinetic therapy has been shown to improve
the symptoms and quality of life in patients with GI
[5]
motility disorders . Therefore, there has been an
increasing need to develop safer and more effective
gastroprokinetic agents.
In our previous report, we investigated the effects
of Lizhong Tang on mouse small intestine interstitial
[6]
cells of Cajal (ICC) . These cells are the pacemaker
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Animals

Male ICR mice (Samtako BioKorea Co., Ltd., Osan,
South Korea) weighing 23-30 g were used to
investigate the effects of the Lizhong Tang extract
on the GI tract in vivo. The animals were maintained
under controlled conditions (21 ℃ ± 3 ℃, relative
humidity 50% ± 6%, lights on 6 a.m.-6 p.m.). The
mice were allowed free access to a commercial diet
and tap water, but were fasted for 24 h before the
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experiments. All experiments were conducted between
10 a.m. and 6 p.m.

Gastric emptying (GE) was performed by administering
a 0.05% (w/v) phenol red solution (0.5 mL/mouse)
30 min after treatment with the Lizhong Tang extract.
Twenty min later, the mice were sacrificed and the
stomachs were immediately removed, cut into several
pieces, placed into 5 mL of 0.01 N NaOH, and homo
genized. The homogenates were treated with 0.2 mL
of 20% trichloroacetic acid per mL of homogenate.
The mixtures were centrifuged for 10 min at 1050 ×
g, and the supernatants (0.05 mL) were added to 0.5
N NaOH (0.2 mL). The absorbances of these mixtures
were measured using a spectrometer at 560 nm. The
GE value (%) was calculated as 100-(A/B) × 100,
where A is the test stomach absorbance (560 nm)
and B is the control stomach absorbance (560 nm)
immediately after phenol red administration.

Measurement of intestinal transit rate using Evans blue
staining

We used Evans blue solution [5%, w/v, in distilled
water (DW)] to determine the intestinal transit rates
(ITR) of the Lizhong Tang extract in vivo. The Evans
blue solution was administered (0.1 mL/kg of body
weight; i.g.) through an orogastric tube 30 min after
the Lizhong Tang extract was intragastrically (i.g.)
administered to the normal ICR mice. The animals
were sacrificed 30 min after Evans blue administration,
and the intestinal transit distances of the dye were
determined by measuring the distance the Evans
blue dye had migrated in the intestine from the
pylorus to its most distal point. Intestinal transit was
quantified using the ITRs (%), which were calculated
by expressing the distance the Evans blue dye traveled
in 30 min as a percentage of the total small intestine
length (from the pylorus to the ileal terminus).

Drugs

All drugs were purchased from Sigma-Aldrich (SigmaAldrich, St. Louis, MO, United States). In addition,
an aqueous extract of the dried immature fruit of
Poncirus trifoliate Raf. (PF) was prepared as previously
[17,18]
described
and its prokinetic activities were
compared with the Lizhong Tang extract. PF is one of
the most popular traditional folk medicines used in
South Korea and is obtained from Rutaceae fruits. PF
has been shown to possess unique, potent prokinetic
activities in normal rodents and rodents with GI
[13,17]
motility dysfunction (GMD)
.

Induction of GI motility dysfunction in mice

Two experimental GI motility dysfunction models
were used: an acetic acid (AA)-induced peritoneal
irritation mouse model and a STZ-induced diabetic
mouse model. For the AA model, peritoneal irritation
was induced by administering AA to ICR mice 30 min
after the i.g. administration of the Lizhong Tang extract
(or DW as vehicle) by intraperitoneally (i.p.) injecting
10 mL/kg AA (0.6%, w/v, in saline) as previously
[12-14]
described
. After injecting AA, the mice were
placed in individual cages and allowed to recover for
30 min. Male ICR mice (aged 5 wk) were used for the
STZ-induced diabetic mouse model. The mice were
randomly allocated to two groups: a control group or
a diabetic group. The mice were fasted overnight and
an STZ (Sigma-Aldrich, St. Louis, MO, United States)
solution was administered i.p. on the following day
to produce diabetes. Fresh STZ was prepared in 0.1
mol/L ice-cold citrate buffer (pH 4.0) and administered
[15]
at 200 mg/kg body weight . The control mice were
i.p. administered the same volume of 0.1 mol/L citrate
buffer. The animals had free access to food and water
and were maintained under standard conditions
(24-27 ℃, RH 60%-65%) under a 12 h light/dark
cycle. Two months after the STZ injection, blood was
withdrawn from a tail vein after an 8 h fast and the
blood glucose concentrations were measured using a
ONE-TOUCH Select Simple kit (Johnson and Johnson
Medical Company). Diabetes was defined as a blood
glucose level of > 16 mmol/L. No mortality occurred
during the study period, and no mouse recovered from
STZ-induced diabetes.

Evaluation of gastric emptying

Statistical analysis

The results are expressed as the means ± SE. Stati
stical analysis was performed using Student’s t test
or analysis of variance followed by Tukey's multiple
comparison test, as appropriate. Statistical significance
was accepted for P values < 0.05.

RESULTS
Identification of standard compounds in the Lizhong
Tang extract

The following components of the Lizhong Tang extract
were detected by HPLC using commercial standards
(retention time): liquiritin (25.1 min); ononin (35.9
min); isoliquiritin (36.2 min); ginsenoside Rg1 (36.7
min); glycyrrhizin (58.2 min); 6-gingerol (63.0 min);
and atractylenolide Ⅲ (65.8 min) (Figure 1).

Effects of the Lizhong Tang extract on ITR in normal
mice

After 30 min, the mean ITR (%) for Evans blue in
normal mice was 54.4% ± 1.9% (Figure 2). PF (1 g/
kg), which has been shown to have prokinetic activity
[17,18]
in the GI tract
, significantly accelerated the ITR
[79.4% ± 2.3% (P < 0.01)], similar to the Lizhong
Tang extract, which dose-dependently increased the
ITR (%) [ITR values at 0.01, 0.1 and 1 g/kg were
56.1% ± 2.1%, 65.2% ± 1.8% (P < 0.01) and

[16]

As previously described by Scarpignato et al , the
[14]
mice were fasted for 24 h with free access to water .
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Figure 1 Chromatograms of liquiritin, 6-gingerol, ononin, glycyrrhizin, ginsenoside Rg1, isoliquiritin, and atractylenolide Ⅲ in Lizhong Tang extract.
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Figure 3 Effects of the Lizhong Tang extract on the intestinal transit rates
(%) in AA mice. Intestinal transit rates (ITRs) (%) values of AA mice induced
30 min before the i.g. administration of Evans blue (n = 12 per bar). The bars
represent mean values ± SE. bP < 0.01; significantly different from the AA
controls. CTRL: Control; Lope.: Loperamide.

83.8% ± 1.9% (P < 0.01), respectively; Figure 2].
Loperamide decreased the ITR (%), which is consistent
[19]
with previous reports , and the Lizhong Tang extract
inhibited this loperamide-induced decrease in ITR [ITR
value for loperamide was 56.1% ± 2.1%; and ITR
value for loperamide with the Lizhong Tang extract was
65.2% ± 1.8% (P < 0.01); Figure 2].

Effects of the Lizhong Tang extract on ITR in mice with
GMD

Lope.

Lope.

+ Lizhong Tang
(1 g/kg, i.g.)

Effect of the Lizhong Tang extract on accelerating GE

In normal mice, the groups treated with the

We used the AA and STZ-induced diabetic mouse
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1

models of experimental GMD to examine the effect of
the Lizhong Tang extract on GI motility. As mentioned
above, the AA mouse model showed a significant
retardation of ITR (%) [23.2% ± 1.5% (P < 0.01 vs
normal); Figure 3]. However, a significant inhibition
of this retardation was observed when the mice
were intragastrically administered 0.01, 0.1, or 1
g/kg of the Lizhong Tang extract [25.3% ± 2.4%,
34.5% ± 2.1% (P < 0.01) and 51.8% ± 5.7% (P <
0.01), respectively; Figure 3]. No abnormal clinical
signs or changes were observed in the AA mice after
administration of the Lizhong Tang extract. In addition,
loperamide decreased the ITR (%) in the AA mice
[13.5% ± 2.4% (P < 0.01)], and the Lizhong Tang
extract increased this value [26.7% ± 2.1% (P < 0.01);
Figure 3]. Furthermore, the STZ-induced diabetic mice
also showed a significant ITR (%) retardation (44.1%
± 3.5%; Figure 4), which was also significantly
inhibited by treatment with the Lizhong Tang extract
at 0.01, 0.1 or 1 g/kg [53.8% ± 1.5% (P < 0.01),
57.7% ± 1.4% (P < 0.01) and 71.5% ± 3.0% (P <
0.01), respectively; Figure 4]. No abnormal clinical
signs or changes were observed in the STZ-induced
diabetic mice after the administration of the Lizhong
Tang extract. In addition, loperamide decreased the
ITR in the STZ-induced diabetic mice [20.6% ± 1.8% (P
< 0.01)], and the Lizhong Tang extract increased this
value [40.6% ± 2.2% (P < 0.01); Figure 4]. These
results indicate that the Lizhong Tang extract increased
the ITR in mice with GMD.

b
b

b

0.1

Figure 4 Effects of the Lizhong Tang extract on the Intestinal transit
rates (%) values in STZ-induced diabetic mice. Intestinal transit rates (ITRs)
(%) values of the STZ mice induced 2 mo before the i.g. administration of
Evans blue (n = 12 per bar). The bars represent mean values ± SE. bP < 0.01;
significantly different from the STZ-induced diabetic controls. CTRL: Control;
Lope.: Loperamide.

Figure 2 Effects of the Lizhong Tang extract on the intestinal transit
rates (%) in normal mice. Intestinal transit rates (ITRs) (%) values of normal
mice that were pretreated with the Lizhong Tang extract prior to Evans blue
administration (n = 15 for each bar). The bars represent mean values ± SE. bP
< 0.01; Significantly different from the normal controls. PF: Poncirus trifoliate
Raf; Lope.: Loperamide.
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Figure 5 Effect of the Lizhong Tang extract on accelerating gastric
emptying. After a 24 h fast, the animals (n = 7/each group) were orally
administered the indicated dosages of the Lizhong Tang extract, 5 mg/kg of a
5-HT4 receptor agonist (mosapride), 5 mg/kg of a dopamine receptor antagonist
(domperidone), or distilled water (DW; controls). The gastric emptying (GE)
percentages were calculated as described in the Materials and Methods. The
bars represent means ± SE. aP < 0.05; bP < 0.01; significantly different from the
normal controls. Mosa.: Mosapride. Dom.: Domperidone.

Figure 7 Lizhong Tang extract ameliorated cisplatin-induced delays
in gastric emptying. After a 24 h fast, the animals (n = 6/each group) were
orally administered the indicated dosages of the Lizhong Tang extract, 5 mg/kg
of a 5-HT4 receptor agonist (mosapride), 5 mg/kg of a dopamine receptor
antagonist (domperidone), or distilled water (DW; control). The Lizhong Tang
pretreatment prevented the cisplatin-induced gastric emptying (GE) delay. The
GE percentages were calculated as described in the Materials and Methods.
The bars represent mean values ± SE. bP < 0.01; significantly different from the
normal controls. Mosa: Mosapride; Dom: Domperidone; i.p: Intraperitoneally.

b
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b
b

70

< 0.01), respectively; Figure 5]. Its effects were dosedependent in the dosage range from 0.01 g/kg to 1
g/kg, and 1 g/kg of the Lizhong Tang extract displayed
effects similar to those of 5 mg/kg mosapride [74.4%
± 3.3% (P < 0.01)] and 5 mg/kg domperidone [72.9%
± 1.9% (P < 0.01)] (Figure 5). Next, we examined
loperamide-induced and cisplatin-induced models
of GE delay to determine whether the Lizhong Tang
extract could increase GE in abnormally depressed GE
models. In the loperamide-induced model of GE delay,
the GE value was lower than normal [40.9% ± 1.6% (P
< 0.01); Figure 6], and this decrease was recovered
by treatment with the Lizhong Tang extract at doses
from 0.01 to 1 g/kg [the GE values for the Lizhong
Tang extract at 0.01, 0.1 and 1 g/kg were 41.8% ±
2.2%, 47.8% ± 1.2% (P < 0.01) and 59.4% ± 1.5%
(P < 0.01), respectively; Figure 6]. The maximal effect
was obtained at 1 g/kg, and at this dose, the effect of
the Lizhong Tang extract was comparable to that of
5 mg/kg mosapride [61.4% ± 2.3% (P < 0.01)] or
5 mg/kg domperidone [61.5% ± 1.7% (P < 0.01)]
(Figure 6). In addition, in the cisplatin-induced model
of GE delay, the decreased GE was recovered by
treatment with the Lizhong Tang extract (0.01, 0.1 and
1 g/kg) [GE values of the Lizhong Tang extract at 0.01,
0.1 and 1 g/kg were 31.7% ± 1.3%, 43.1% ± 2.1% (P
< 0.01) and 60.8% ± 1.7% (P < 0.01), respectively;
Figure 7]. The maximal effect was obtained at 1 g/kg,
and at this level, the effect of the Lizhong Tang extract
was comparable to that of 5 mg/kg mosapride [65.6%

b

Gastric emptying (%)

60
50
40
30
20
10
0
Normal

CTRL

Mosa.

Dom.

0.01

0.1

1

Lizhong Tang (1 g/kg, i.g.)
Loperamide 5 mg/kg (p.o.)

Figure 6 Lizhong Tang extract ameliorates loperamide-induced delays in
gastric emptying. After a 24 h fast, the animals (n = 6/each group) were orally
administered the indicated dosages of the Lizhong Tang extract, 5 mg/kg of a
5-HT4 receptor agonist (mosapride), 5 mg/kg of a dopamine receptor antagonist
(domperidone), or distilled water (DW; control). The loperamide-induced
gastric emptying (GE) delay was inhibited by the Lizhong Tang extract. The GE
percentages were calculated as described in the Materials and Methods. The
bars represent means ± SE. bP < 0.01; significantly different from the normal
controls. Mosa: Mosapride; Dom: Domperidone; p.o.: per os.

Lizhong Tang extract (0.01, 0.1 and 1 g/kg) showed
significantly enhanced GE (%) values compared to
that of the normal group [the GE values with 0.01, 0.1
and 1 g/kg of the Lizhong Tang extract were 61.7% ±
1.6%, 66.8% ± 2.1% (P < 0.05) and 72.5% ± 1.7% (P
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[27]

± 1.4% (P < 0.01)] or 5 mg/kg domperidone [63.7%
± 1.2% (P < 0.01)] (Figure 7).

motility disorders
and are regarded as one of the
[28,29]
most efficacious therapeutics for this disorder
.
Cholinergic agonists, the original promotility agents,
stimulated muscarinic M2-type receptors on the
smooth muscle cells, but their effectiveness in motility
[30]
disorders is inconsistent . Metoclopramide and
domperidone, dopamine antagonists, have been
[31]
the most widely used as prokinetic agents , but
their long-term use has been complicated by a trend
toward tolerance and a significant incidence of central
[32]
nervous system (CNS) side effects . Cisapride was
shown to promote esophageal peristalsis, augment
lower esophageal sphincter pressure, and accelerate
[33]
gastric emptying . However, the use of this drug
is now restricted due to serious cardiac arrhythmias
[34]
related to a prolonged QT interval . Mosapride, a
selective 5-HT4 agonist, is available as a prokinetic
agent in a number of Asian countries, but the efficacy
[35]
data are contradictory . Itopride is a dopamine D2
antagonist with prokinetic effects that is devoid of
CNS or cardiovascular side effects and causes minimal
[36]
elevations of prolactin levels . In this study, we did
not directly compare the GE and intestine motility rates
with these prokinetics agents. However, in a previous
study, we showed that Lizhong Tang depolarized the
pacemaker potentials through G-protein-, PLC- and
2+
Ca -dependent pathways. Moreover, the nonselective
[6]
cationic cation channel was involved in these effects .
Therefore, we believe that Lizhong Tang might mimic
the major excitatory neurotransmitters of the GI tract
and act as a gastroprokinetic agent. Additionally,
herbal products may be an attractive alternative based
on the perception of their “natural” approach and their
[37]
low risk of side effects . Therefore, we believe that
Lizhong Tang may be a good gastroprokinetic agent,
and in the future, we should compare the experimental
results with those of known prokinetics and analyze
the side effects.
In summary, in normal ICR mice, both the ITR and
GE values were significantly and dose-dependently
increased by treatment with the Lizhong Tang extract.
Furthermore, the ITRs of GMD mice were significantly
reduced compared with those of the normal mice,
and these reductions were significantly and dosedependently reversed by treatment with the Lizhong
Tang extract. In addition, in the loperamide-induced
and cisplatin-induced model of GE delay, the Lizhong
Tang extract prevented the observed GE delays.
Taken together, our results suggest that Lizhong
Tang is a good candidate for the development of a
gastroprokinetic agent.

DISCUSSION
GI motility results from the coordinated contractions
of the tunica muscularis, which forms the outer wall
of the alimentary canal from the distal esophagus
[20]
to the external anal sphincter . The pathogeneses
of primary intestinal motility disorders is probably
multifactorial and includes structural and biochemical
abnormalities, forms of intestinal pseudo-obstruction,
[21]
and mucosal inflammation .
The GI tract exhibits spontaneous mechanical
[7,8]
contractions and electrical pacemaker potentials ,
and these pacemaker potentials are the basic deter
[7,8]
minant of GI smooth muscle activity . Recent studies
have shown that ICC act as the pacemakers and
[7,8]
conductors of electrical slow waves in the GI tract .
In our previous report, we investigated the effects
[6]
of Lizhong Tang on ICC in the GI tract . Lizhong Tang
induced pacemaker potential depolarizations that
were mediated by non-selective cationic channels,
intracellular calcium release, and PLC-dependent path
ways. Therefore, we suggested that Lizhong Tang might
[6]
have gastroprokinetic effects on ICC . In addition,
many scientists have studied the effects of Lizhong
Tang. For example, Lizhong Tang has been shown to
have therapeutic effects, such as immunomodulatory,
anticancer, antitoxic, and antioxidant effects, and to
[22-24]
modulate gastric acid secretion
. Furthermore,
in traditional medicine, it is used to treat the spleen
or kidney deficiencies associated with the common
symptoms of many diseases, such as pasty loose
stools, heavy menstrual bleeding, soreness, and weak
[2,25,26]
ness of the lower back and knees
. Moreover,
Lizhong Tang possesses potent anti-osteoporotic activity
and has been suggested for use in the treatment of
[3]
postmenopausal osteoporosis . In addition, Lizhong
Tang protects the gastric mucosa from acute ethanolinduced gastric injury and has been suggested as a
[1]
treatment for acute gastric injury . However, despite
the considerable use of Lizhong Tang, little is known
about its regulatory effects on GI motility in vivo.
In this study, the Lizhong Tang extract significantly
and dose-dependently accelerated ITR (Figure 2).
In experimental GMD (AA mouse and STZ-induced
diabetic mouse) models, the Lizhong Tang extract
significantly inhibited GMD-induced retardation (Figures
3 and 4), and Lizhong Tang extract-treated mice had
significantly greater GE values than normal mice;
1 g/kg of the Lizhong Tang extract displayed effects
similar to those of mosapride and domperidone (Figure
5). Furthermore, in abnormally depressed (loperamideand cisplatin-induced) GE models, the Lizhong Tang
extract increased GE (Figures 6 and 7).
Prokinetic drugs, which enhance GI motor
function by acting on a variety of neurotransmitter
receptors, have been used to treat patients with GI
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has been widely used in China, Japan and South Korea for many years to
ameliorate the symptoms of gastrointestinal (GI) disorders. However, despite
the considerable use of Lizhong Tang in traditional medicine to treat GI
dysfunction, little was known of its regulatory effects on GI motility in vivo.
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12

Innovations and breakthroughs

In normal ICR mice, both the ITRs and GE values were significantly and dosedependently increased by treatment with Lizhong Tang (0.1-1 g/kg). The ITRs
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GE delays.
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METHODS
Patients with newly diagnosed gastric lymphoma or
18
gastric carcinoma who underwent F-FDG PET/CT
prior to treatment were included in this study. We
reviewed and analyzed the PET/CT features of gastric
wall lesions, including FDG avidity, pattern (focal/
diffuse), and intensity [maximal standard uptake value:
(SUVmax)]. The correlation of SUVmax with gastric

AIM
18
To compare F-fluorodeoxyglucose positron emission
18
tomography/computed tomography ( F-FDG PET/CT)
features in gastric lymphoma and gastric carcinoma.
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2
clinicopathological variables was investigated by χ
test, and receiver-operating characteristic (ROC) curve
analysis was performed to determine the differential
diagnostic value of SUVmax-associated parameters in
gastric lymphoma and gastric carcinoma.

v22/i34/7787.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i34.7787

INTRODUCTION

RESULTS
Fifty-two patients with gastric lymphoma and 73 with
gastric carcinoma were included in this study. Abnormal
gastric FDG accumulation was found in 49 patients
(94.23%) with gastric lymphoma and 65 patients
(89.04%) with gastric carcinoma. Gastric lymphoma
patients predominantly presented with type Ⅰ and type
Ⅱ lesions, whereas gastric carcinoma patients mainly
had type Ⅲ lesions. The SUVmax (13.39 ± 9.24 vs 8.35
± 5.80, P < 0.001) and SUVmax/THKmax (maximal
thickness) (7.96 ± 4.02 vs 4.88 ± 3.32, P < 0.001)
were both higher in patients with gastric lymphoma
compared with gastric carcinoma. ROC curve analysis
suggested a better performance of SUVmax/THKmax
in the evaluation of gastric lesions between gastric
lymphoma and gastric carcinoma in comparison with
that of SUVmax alone.

Lymphoma, mainly non-Hodgkin’s lymphoma (NHL),
may be extranodal in origin in 25%-40% of patients,
[1-3]
depending on geography
. The gastrointestinal
tract is the most common site of primary extranodal
[4]
NHL, occurring in 4%-20% of patients , accounting
[5]
for 20%-30% of extranodal cases at diagnosis .
Second only to gastric carcinoma, gastric lymphoma
is an important malignant tumor of the stomach.
Histopathology of gastric lymphoma is predominantly
high-grade diffuse large B-cell lymphoma (DLBCL) and
low-grade mucosa-associated lymphoid tissue (MALT)
[3]
lymphoma .
Imaging plays an important role in noninvasive
evaluation of patients with extranodal lymphoma before
[6,7]
treatment . Hybrid positron emission tomography
18
(PET)/computed tomography (CT) integrates F-fluo
rodeoxyglucose (FDG) PET and CT scanning, thus
simultaneously providing functional, metabolic
information based on PET and structural, anatomical
[8-10]
information based on CT
. A growing number of
18
studies have supported the application of F-FDG PET/
CT in initial staging, treatment response assessment,
and follow-up of patients with gastric lymphoma of
[11-14]
various histological subtypes
. However, differences
were also present in some previous studies, due in part
to lower FDG accumulation in low-grade lymphoma
than in aggressive lymphoma, and to the presence of
[12,15]
physiological tracer uptake in the stomach
.
Endoscopic examination and direct biopsy are wellestablished methods for differential diagnosis between
[16-23]
gastric lymphoma and gastric carcinoma
. However,
18
F-FDG PET/CT has the advantages of detecting
gastric lymphoma that is limited to the submucosal
stage, which may be missed by gastroscopy, and in
[23,24]
finding unanticipated lesions outside the stomach
.
18
In addition, F-FDG PET/CT is significant for the
diagnosis of gastric lesions in patients for whom
endoscopic examination is not acceptable.
Clinical manifestations and radiological features of
gastric lymphoma and gastric carcinoma are in general
nonspecific, such as abdominal pain, dyspepsia, gastric
ulcers, and irregular thickness of the gastric wall. Besides,
the marked differences between gastric lymphoma and
gastric carcinoma with regard to therapeutic options and
prognosis further highlight the significance of accurate
detection and differentiation of the two tumors. To the
best of our knowledge, few studies have focused on
the imaging differences between gastric lymphoma
18
[18,19]
and gastric carcinoma using F-FDG PET/CT
. The
purpose of the present investigation was to characterize
the PET/CT performance in evaluation of gastric
lymphoma in comparison with that in gastric carcinoma.

CONCLUSION
PET/CT features differ between gastric lymphoma
and carcinoma, which can improve PET/CT evaluation
of gastric wall lesions and help differentiate gastric
lymphoma from gastric carcinoma.
Key words: Gastric lymphomas; Gastric carcinomas;
18
F-fluorodeoxyglucose positron emission tomography/
computed tomography; Maximal standard uptake value;
Maximal thickness; Differential diagnosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: 18F-fluorodeoxyglucose positron emission
tomography/computed tomography (PET/CT) feature
in gastric lymphomas compared to that in gastric
carcinomas were investigated. Gastric lymphoma
patients predominantly presented with type Ⅰ and
type Ⅱ lesions, whereas gastric carcinoma patients
mainly with type Ⅲ lesions. The SUVmax and SUVmax/
THKmax were both higher in patients with gastric
lymphomas compared to that in patients with gastric
carcinomas. A ROC curve analysis suggested a better
performance of SUVmax/THKmax in the evaluation
of gastric lesions in comparison with that of SUVmax
alone. The differences existed in the PET/CT feature
could improve the PET/CT evaluation of gastric
lesions and contribute to the identification of gastric
lymphomas from gastric carcinomas.
Li XF, Fu Q, Dong YW, Liu JJ, Song XY, Dai D, Zuo C, Xu WG.
18
F-fluorodeoxyglucose positron emission tomography/computed
tomography comparison of gastric lymphoma and gastric
carcinoma. World J Gastroenterol 2016; 22(34): 7787-7796
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Table 1 Characteristics of patients with gastric lymphomas
and gastric carcinomas n (%)
Variables

Gastric
lymphomas

Total number of
patients
Age, yr, median
(range)
Gender (male/female)
Histopathological
subtype, n

Gastric carcinomas P value

52

73

56 (8-90)

62 (31-84)

0.0261

29/23

48/25

0.2582

DLBCL: 33
Mucinous: 13
MALT: 19
Non-mucinous: 60
Lugano
TNM
(Ⅰ/Ⅱ1/Ⅱ2/Ⅳ)
(Ⅰ/Ⅱ/Ⅲ/Ⅳ)
19/7/2/24
12/18/12/31

Stage, n

Involved regions
Cardia
Fundus
Body
Antrum
≥ 2 regions
THKmax, cm, mean
(range)
Splenomegalia
Involved lymph nodes
in retroperitoneal space
below renal hilus
Mucosal ulceration

0.3263

7 (13.5)
16 (30.8)
40 (76.9)
28 (53.8)
34 (65.38)
1.97 (0.3-6.6)

30 (41.1)
14 (19.2)
32 (43.8)
26 (35.6)
20 (27.40)
2.00 (0.3-9.2)

0.0122
0.2452
0.0592
0.2052
0.0092
0.9134

12 (23.1)
15 (28.8)

6 (8.2)
8 (11.0)

0.0462
0.0372

18 (34.62)

53 (72.60)

0.0232

18

1

The value was compared by Wilcoxon’s rank-sum test; 2The value was
compared by Pearson χ 2 test; 3The value was compared by Pearson
Kruskal-Wallis ANOVA test; 4The value was compared by Student's
t-test. DLBCL: Diffuse large B cell lymphoma; MALT: Mucosa associated
lymphoid tissue; THKmax: The maximal thickness.

F-FDG PET/CT interpretation
18

The F-FDG PET/CT images were visually interpreted
by a consensus of at least two experienced nuclear
medicine physicians who were aware of the clinical
manifestation, but blinded to the specific histological
diagnosis of the patients.
The maximal thickening measurement of the gastric
wall based on CT component was recorded to define
the size of the lesion. To determine the intensity of
gastric FDG uptake semi-quantitatively, the maximal
standard uptake value (SUVmax) was measured. The
patterns of PET/CT scan were classified into three
subtypes according to the infiltrative and thickening
extent of the lesion in the stomach: type Ⅰ, infiltrating
more than one-third of the total gastric wall and with
diffuse thickening; type Ⅱ, infiltrating less than onethird and with segmental thickening; and type Ⅲ, with
local uptake and local thickening.

MATERIALS AND METHODS
Patients

Consecutive patients with newly diagnosed gastric lym
phomas and with newly diagnosed gastric carcinomas
18
by F-FDG PET/CT performed about one week prior
to any treatment, and underwent operation between
July 2014 and January 2006 in our institution were
included in this study. All diagnoses were confirmed
by endoscopic biopsy or postoperative pathological
findings. This study was reviewed and approved by the
Tianjin Medical University Cancer Institute and Hospital
Institutional Review Board, and written informed
consent was obtained from all the patients. Patients
were staged according to the Lugano classification
and the Tumor Node Metastasis (TNM) classification,
[8]
respectively . The demographic and clinicopathological
characteristics of the included patients are presented in
Table 1. It is worth mentioning that gastric carcinoma
patients were divided into subgroups of mucinous
adenocarcinoma and non-mucinous adenocarcinoma
18
to facilitate the interpretation of the F-FDG PET/CT
results, and mucinous adenocarcinoma subgroup
consisted of gastric mucinous adenocarcinoma and
signet ring cell carcinoma.

WJG|www.wjgnet.com

F-FDG PET/CT imaging

The patients were required to fast at least 6 h prior
18
to F-FDG PET/CT examination, with injection of
approximately 3.70-4.81 MBq/kg. Blood glucose was
measured to ensure the level was below 6.8 mmol/l.
After injection, patients were kept lying comfortably
for an uptake period of 45-60 min. Before the
examination, patients were asked to drink 500-800
mL water to distend the stomach and to accelerate
renal tracer elimination. Scanning from head to thigh
was performed using a PET/CT system (Discovery
ST4, General Electric Healthcare, Waukesha, WI,
United States). The protocol included an initial CT scan
followed by PET data acquisition. The initial CT was
performed with 120 kV, 100 mA and a slice thickness
of 5 mm. PET data were obtained in a three-dimen
sional mode with an acquisition time of 2 min for
each bed position (for a total of 6-8 bed positions).
The CT-based attenuation-corrected PET images
were reconstructed using an iterative algorithm. After
completion of data acquisition, separate PET images,
CT images and fused PET/CT data were available for
review in coronal, sagittal and axial planes using the
manufacturer’s review station (Xeleris, General Electric
Healthcare).

Statistical analysis

The data were expressed as mean ± SD. Student’s
t test, Wilcoxon’s rank-sum test, analysis of variance
2
and χ test were used to determine the statistical
difference in demographic and clinical characteristics,
SUVmax and categorical data between patients with
various histological subtypes. The relationship between
SUVmax and gastric clinicopathological variables
2
was investigated by χ test. A receiver-operating
characteristic (ROC) curve analysis was performed to
identify the values of SUVmax or SUVmax/maximal
thickness (THKmax) in the differential diagnosis of
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toneal lymph node involvement below the renal hilus
were observed in the gastric lymphoma group, while
the corresponding numbers in the gastric carcinoma
group were lower (P = 0.046, P = 0.037). Unlike
gastric carcinoma, which is an epithelium-derived
malignancy, gastric lymphoma is derived from the
submucous layer and mostly infiltrates beneath the
mucinous membrane, so mucosal ulceration was less
common than in gastric carcinoma (34.62% vs 72.6%,
P = 0.023) (Table 1).

18

Table 2 Incidence, pattern and intensity of gastric F-FDG
uptake in patients with gastric lymphomas and gastric
carcinomas n (%)

Presence of gastric
FDG uptake
Gastric FDG uptake
> liver
PET/CT pattern
Type Ⅰ
Type Ⅱ
Type Ⅲ
SUVmax
(mean ± SD)
SUVmax/THKmax
(mean ± SD)

P value

Gastric lymphoma

Gastric carcinoma

52 (100)

72 (98.63)

0.9571

49 (94.23)

65 (89.04)

0.8291

23 (44.23)
22 (42.31)
7 (13.46)
13.39 ± 9.24

9 (12.33)
14 (19.18)
50 (68.49)
8.35 ± 5.80

0.0021
0.0381
< 0.0011
< 0.0012

7.96 ± 4.02

4.88 ± 3.32

< 0.0012

18

18

The value was compared by Pearson χ 2 test; 2The value was compared
by Student's t test. FDG: Fluorodeoxyglucose; PET/CT: Positron emission
tomography/computed tomography; SUVmax: Maximal standard uptake
value; THKmax: The maximal thickness.
1

gastric lymphomas and gastric carcinomas, and the
total area under the curve (AUC), 95%CI and a best
cutoff threshold of SUVmax or SUVmax/THKmax
were calculated to quantify the differential diagnostic
value of these indicators. The statistical methods of
this study were reviewed by Yu-Bei Huang from the
Department of Epidemiology and Biostatistics in our
hospital.
All calculation and statistical analyses were per
formed using the statistical package for social science
21.0 version (SPSS, iNC, Chicago, IL, United States). P
< 0.05 was considered statistically significant.

RESULTS
Patient characteristics

Fifty-two patients with gastric lymphoma and 73
with gastric carcinoma were included in this study.
As expected, the histopathological subtype of gastric
lymphoma was predominantly high-grade DLBCL
(n = 33) or low-grade MALT lymphoma (n = 19).
Gastric carcinoma patients were divided into mucinous
adenocarcinoma (n = 13) or non-mucinous adenocar
cinoma (n = 60) subgroups to facilitate comparison
with gastric lymphoma patients. The incidence of
the involved regions of the stomach (the cardia,
fundus, body and the antrum) was 13.5% (7/52),
30.8% (16/52), 76.9% (40/52) and 53.8% (28/52)
for gastric lymphoma and 41.1% (30/73), 19.2%
(14/73), 43.8% (32/73) and 35.6% (26/73) for
gastric carcinoma, respectively. The THKmax of the
gastric wall lesions in patients with gastric lymphoma
and gastric carcinoma is compared in Table 1. There
was no significant difference with regard to THKmax
in patients with gastric lymphoma in comparison with
gastric carcinoma (P = 0.913). Twelve cases (23.1%)
with splenomegaly and 15 (28.8%) with retroperi
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F-FDG uptake in gastric lesions

The presence of gastric F-FDG uptake and SUVmax
are summarized in Table 2. Gastric FDG uptake was
demonstrated in all 52 patients with gastric lymphoma
and in 72 of the 73 patients (98.63%) with gastric
carcinoma (P = 0.957). However, abnormal gastric
FDG accumulation was deemed present if the intensity
18
of gastric F-FDG uptake was higher than the hepatic
uptake. Forty-nine (94.23%) gastric lymphoma
patents and 65 (89.04%) gastric carcinoma patients
had increased gastric FDG uptake. The SUVmax was
higher in patients with gastric lymphoma compared
with gastric carcinoma (13.39 ± 9.24 vs 8.35 ± 5.80,
18
P < 0.001). With regard to the F-FDG PET/CT pattern
of gastric wall lesions, the incidence of type Ⅰ lesions
(Figure 1) (P = 0.002) and type Ⅱ lesions (Figure 2) (P
= 0.038) was significantly higher, but the incidence of
type Ⅲ lesions (Figure 3) (P < 0.001) was significantly
lower in gastric lymphoma than gastric carcinoma
[19]
patients. Fu et al
suggested SUVmax/THKmax as a
valid and practical biomarker in discriminating primary
gastric lymphoma from advanced gastric carcinoma.
As illustrated in table 2, SUVmax/THKmax was
significantly higher in patients with gastric lymphoma
in comparison with gastric carcinoma (7.96 ± 4.02 vs
4.88 ± 3.32, P < 0.001).

Association of SUVmax with clinicopathological features

SUVmax was higher in gastric lymphoma patients
with DLBCL than in those with MALT (18.41 ± 7.78 vs
4.66 ± 2.72, P < 0.001) and higher in patients with
advanced Lugano stage (Ⅱ 1/Ⅱ 2/Ⅳ ) than in those
with stage Ⅰ (15.53 ± 8.87 vs 9.97 ± 8.88, P = 0.026)
(Table 3). In gastric carcinoma patients, SUVmax was
higher in the non-mucinous adenocarcinoma subgroup
than in mucinous adenocarcinoma subgroup (9.02
± 6.14 vs 5.28 ± 2.06, P = 0.032) and higher in
advanced TNM stage (Ⅲ/Ⅳ) than in stage Ⅰ/Ⅱ gastric
carcinoma patients (10.57 ± 6.27 vs 5.17 ± 2.96, P
< 0.001) (Table 4). With regard to THKmax, there
were no significant differences between patients with
gastric lymphoma and gastric carcinoma according to
cell types and TNM/Lugano stage. We divided patients
into low SUVmax (< mean value) and high SUVmax
(≥ mean value) subgroups. Association of SUVmax
with clinicopathological features was evaluated by
χ 2 test among patients with gastric lymphoma and
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A
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Figure 1 Comparison of gastric lymphoma and gastric carcinoma with diffuse fluorodeoxyglucose uptake. A-C: PET (left column), CT (middle column) and
PET/CT fused images (right column) of a 74-year-old man with DLBCL (SUVmax 24.5, THKmax 4.3 cm); D-F: A 64-year-old woman with poorly differentiated gastric
adenocarcinoma (SUVmax 28.2, THKmax 2.4 cm). CT: Computed tomography; PET: Positron emission tomography; SUVmax: Maximal standard uptake value;
THKmax: Maximal thickness.

A

B

C

D

E

F

Figure 2 Comparison of gastric lymphoma and gastric carcinoma with segmental fluorodeoxyglucose uptake. A-C: PET (left column), CT (middle column)
and PET/CT fused images (right column) of a 58-year-old woman with DLBCL (SUVmax 27.4, THKmax 1.9 cm); D-F: A 69-year-old woman with gastric tubular
adenocarcinoma (SUVmax 17.1, THKmax 1.0 cm). CT: Computed tomography; PET: Positron emission tomography; SUVmax: Maximal standard uptake value;
THKmax: Maximal thickness.
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A
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D
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Figure 3 Comparison of gastric lymphoma and gastric carcinoma with local fluorodeoxyglucose uptake. A-C: PET (left column), CT (middle column) and
PET/CT fused images (right column) of a 54-year-old woman with DLBCL (SUVmax 13.4, THKmax 2.0 cm); D-F: A 60 year-old man with poorly differentiated gastric
adenocarcinoma (SUVmax 9.1, THKmax 1.9 cm) CT: Computed tomography; PET: Positron emission tomography; SUVmax: Maximal standard uptake value;
THKmax: Maximal thickness.

Table 3 Association of SUVmax with clinicopathological features among patients with gastric lymphomas
Characteristics
Sex
Male
Female
Age (yr)
< mean
≥ mean
Histopathological subtype
DLBCL
MALT

n

SUVmax and THKmax

SUVmax

mean ± SD

P value

High (n )

Low (n )

29
23

14.31 ± 9.58
12.22 ± 8.85

0.4231

14
9

15
14

0.5102

22
30

12.23 ± 8.25
14.23 ± 9.95

0.4461

10
13

12
17

0.8792

33

18.41 ± 7.78
2.33 ± 1.434
4.66 ± 2.72
1.36 ± 1.254

< 0.0013

22

11

< 0.0015

0.5674

1

18

9.97 ± 8.88
1.52 ± 1.194
15.53 ± 8.87
2.23 ± 1.514

0.0261

6

13

0.2444

17

16

19

Lugano stage
Ⅰ

19

Ⅱ1/Ⅱ2/Ⅳ

33

P value

0.2702

1

The value was compared by Student's t test; 2The relation with variables was evaluated by Pearson χ 2 test; 3The value was compared by Wilcoxon’s ranksum test; 4The value of THKmax according to the cell-types and Lugano staging; 5The relation with variables was evaluated by continuity correction χ 2 test.
SUVmax: Maximal standard uptake value; THKmax: The maximal thickness.

gastric carcinoma. As shown in tables 3 and 4,
Pearson correlation analysis suggested a significant
association of high-grade gastric lymphoma (DLBCL)
(P < 0.001), non-mucinous adenocarcinoma (P =
0.046) and advanced stage gastric carcinoma (P <
0.001) with high SUVmax. However, investigation of
the relationship of SUVmax to advanced stage gastric
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lymphoma did not identify a strong positive correlation.

Comparative value of SUVmax and SUVmax/THKmax in
differential diagnosis of gastric lymphoma and gastric
carcinoma

Comparative receiver-operating characteristic (ROC)
curves were generated to obtain the best cutoff thre
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Table 4 Association of SUVmax with clinicopathological features among patients with gastric carcinomas
n

Characteristics

SUVmax and THKmax

Sex
Male
Female
Age (yr)
< mean
≥ mean
Histopathological subtype
Mucinous

High (n )

Low (n )

P value2

48
25

7.55 ± 4.53
9.89 ± 7.54

0.4572

15
11

33
14

0.2803

35
38

7.14 ± 4.56
9.46 ± 6.61

0.0881

9
17

26
21

0.0903

13

5.28 ± 2.06
1.75 ± 0.934
9.02 ± 6.14
2.07 ± 1.374

0.0322

1

12

0.0465

0.7814

25

35

5.17 ± 2.96
1.57 ± 0.804
10.57 ± 6.27
2.32 ± 1.504

< 0.0012

2

28

0.2074

24

19

Non-mucinous

60

TNM stage
Ⅰ/Ⅱ

30

Ⅲ/Ⅳ

SUVmax

P value1

mean ± SD

43

< 0.0015

1

The value was compared by Student's t test; 2The value was compared by Wilcoxon’s rank-sum test; 3The relation with variables was evaluated by Pearson

χ 2 test; 4The value of THKmax according to the cell-types and TNM staging; 5The relation with variables was evaluated by continuity correction χ 2 test.
SUVmax: Maximal standard uptake value; THKmax: The maximal thickness.

1.0

SUVmax/THKmax to evaluate the diagnostic perfor
18
mance of F-FDG PET/CT in the differential diagnosis
of gastric lymphoma and gastric carcinoma.

ROC curve

SUVmax
SUVmax/THXmax

0.8

Reference line

Sensitivity

DISCUSSION
Gastric carcinoma and gastric lymphoma are the
two most commonly encountered malignancies in
18
the stomach. F-FDG PET/CT examination is a wellrecognized noninvasive imaging modality in staging
and treatment response evaluation for gastric wall
lesions, including in gastric lymphoma and gastric
[12,20]
18
carcinoma
. The advantages of F-FDG PET/CT
over conventional imaging techniques have been well
[21,22]
characterized in numerous studies
. However, few
18
studies have investigated the application of F-FDG
PET/CT in the initial differential diagnosis of gastric lym
phoma and gastric carcinoma. We aimed to distinguish
gastric lymphoma from gastric carcinoma through
18
assessing F-FDG uptake pattern and intensity in
gastric wall lesions.
18
Regarding the F-FDG PET/CT pattern, gastric
lymphoma patients predominantly presented with
diffuse/segmental tracer uptake (type Ⅰ and type Ⅱ),
whereas gastric carcinoma patients showed mainly
18
local tracer uptake (type Ⅲ). F-FDG uptake intensity,
measured by SUVmax or SUVmax/THKmax, was
significantly higher in patients with gastric lymphoma
than gastric carcinoma. Consequently, higher SUVmax
and larger SUVmax/THKmax suggest that gastric
lymphoma is more likely. Furthermore, the presence
of splenomegaly or involvement of lymph nodes
in the retroperitoneal space below the renal hilus
may provide additional clues in diagnosing gastric
lymphoma. More importantly, SUVmax/THKmax was a
more reliable indicator to distinguish gastric lymphoma

0.6

0.4

0.2

0.0
0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 4 Comparative receiver-operating characteristic curves of
SUVmax and SUVmax/THKmax for differential diagnosis between gastric
lymphoma and gastric carcinoma. ROC: Receiver-operating characteristic;
SUVmax: Maximal standard uptake value; THKmax: Maximal thickness.

shold for SUVmax or SUVmax/THKmax for differential
diagnosis between gastric lymphoma and gastric
carcinoma (Figure 4). The AUC was 0.645 (95%CI:
0.540-0.750) and 0.725 (95%CI: 0.631-819).
This suggests a more acceptable discrimination of
SUVmax/THKmax in comparison with that of SUVmax
alone, with a best cutoff threshold at 10.4 and 5.9
for SUVmax and SUVmax/THKmax, respectively.
There was no profound difference in specificity (0.781
vs 0.740) for SUVmax and SUVmax/THKmax. The
corresponding sensitivity significantly increased from
0.596 to 0.692 when SUVmax alone was replaced by
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from gastric carcinoma compared to SUVmax alone.
As expected, DLBCL and MALT lymphomas accounted
for the majority of gastric lymphoma subtypes, and the
gastric carcinoma patients were divided into mucinous
adenocarcinoma and non-mucinous adenocarcinoma
subgroups to facilitate comparison with gastric lym
phoma patients. MALT lymphoma is indolent, and
usually develops as local lesions. Gastric MALT lym
18
phoma detected by F-FDG PET/CT has been widely
studied, as the stomach is the most commonly involved
[11,16,17]
organ
. However, there are controversial results
with regard to the usefulness of PET/CT scan in the
diagnosis of gastric MALT lymphoma. Some studies
18
have suggested that F-FDG PET/CT is not a useful
imaging method in patients with low-grade lymphoma,
18
such as MALT lymphoma, as F-FDG uptake in MALT
lymphoma is lower than in aggressive lymphoma, such
[12,15]
as DLBCL
. Especially for gastric MALT lymphoma,
18
the sensitivity of F-FDG PET/CT was low because of
the physiological or inflammatory FDG accumulation in
the stomach, which usually resulted in false-negative
18
diagnosis. Subsequently, F-FDG PET/CT was shown to
be useful for evaluating the protrusion type of gastric
[16]
MALT lymphoma in which mass lesions are formed .
In addition, diffuse or local uptake can occur in chronicgastritis-like type or depressed type of gastric MALT
lymphoma, so endoscopic biopsy is recommend even if
[16-19,23]
the gastroscopy findings suggest chronic gastritis
.
Explanations for this discrepancy have been proposed,
including the presence of heterogeneous cell populations
[11]
in gastric MALT lymphoma ; the partial volume
effect of mucosal or small lesions of gastric MALT
[16,17]
lymphoma detected by endoscopy
; and gastric
MALT lymphoma existing in combination with DLBCL,
[25,26]
or transformation into DLBCL during follow-up
. So,
18
MALT lymphoma with emerging foci of intense F-FDG
uptake are susceptible to conversion to DLBCL.
MALT lymphoma is generally considered to be
18
a non- F-FDG-avid type of lymphoma due to its
[27]
small volume and indolent behavior . Plasmacytic
differentiation (PCD) has been recently suggested as
an important factor influencing the detection rate of
18
[28]
MALT lymphoma by F-FDG PET/CT . In contrast,
[29]
Tsukamoto et al
demonstrated no significant effect
of PCD in MALT lymphoma detection. The differences
among the studies could be explained by the different
stages of the recruited cases, even among those with
the same pathological subtype. Unfortunately, we
18
could not confirm the critical role of PCD in F-FDG
PET/CT evaluation of gastric MALT lymphoma due to
the small population size and predominance of PCD in
[29]
extragastric MALT lymphoma .
To facilitate comparison with gastric lymphoma, we
did not further classify subgroups of gastric carcinoma
(mucinous vs non-mucinous). As indicated by several
previous studies, gastric mucinous and signet ring cell
adenocarcinoma frequently present with significantly
18
low F-FDG intensity due to low expression of glucose
transporter-1 and low glucose metabolism. On the
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contrary, the non-mucinous adenocarcinoma subgroup
of gastric carcinoma patients exhibited markedly
higher FDG uptake compared with the mucinous
adenocarcinoma subgroup because of higher metabolic
[30]
activity .
SUV is a semi-quantitative measure of the norm
alized concentration of radioactivity in a lesion, and
SUVmax is one of the most widely used parameters
as an indicator of lesions with a high metabolic
[31]
rate . However, SUVmax is a single voxel value that
18
shows the highest intensity of F-FDG uptake within
the region of interest and may not represent total
[32]
tumor metabolism . Instead of SUVmax, volumetric
parameters of metabolism such as metabolic tumor
volume (MTV) and total lesion glycolysis (TLG)
18
derived from F-FDG PET have been recently used
for differential analysis, stage stratification survival
analysis, and oncogenomic alteration for a variety of
[33]
malignancies, such as pancreatic cancer , non-small[34]
[35]
cell lung cancer and head and neck cancer . In
view of the potential clinical value of MTV and TLG in
the diagnostic performance of PET/CT, we will focus
on differentiating gastric lymphoma from gastric
carcinoma based on these volumetric parameters
of metabolism, and perform a correlation analysis
between prognosis and MTV or TLG.
[18]
On the basis of studies from Wu et al
and Fu
[19]
et al , we further characterized the differences in
18
F-FDG PET/CT findings between gastric lymphoma
and gastric carcinoma and added significant information
to the previous studies. First, a larger sample size in
our study was an advantage. Second, in the analysis of
associated clinicopathological features with SUVmax,
we performed subgroup analysis based on sex, age,
cell type and staging in gastric lymphoma and gastric
[18]
carcinoma. In contrast, Wu et al simply analyzed
the difference in THKmax and SUVmax of the gastric
wall lesions between patients with gastric lymphoma
and gastric cancer, with and without extragastric
[19]
involvement. Third, unlike Fu et al , who focused
on the FDG intensity (SUVmax) of primary lesions
and abnormalities detected by CT, including THKmax
and mucosal ulcerations, our study was more com
prehensive. We reviewed and analyzed the PET/CT
features of gastric wall lesions including CT-detected
abnormalities (THKmax and ulcerations), FDG avidity
and involved region, pattern (focal/diffuse), and
intensity (SUVmax). In addition, the correlation of
SUVmax with gastric clinicopathological variables
2
was investigated by χ test in our study. Finally, a
ROC curve analysis was performed to determine the
differential diagnostic value of SUVmax/THKmax in
gastric lymphoma and gastric carcinoma.
Our study had some limitations. First, the small
number of patients, in the gastric lymphoma group.
Furthermore, we excluded one case of Burkitt’s lympho
ma and one case of NK/T cell lymphoma to facilitate
obtaining categorical data for the gastric lymphoma
patients with different histological subtypes. Second,
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the retrospective nature of the present study could
not completely rule out bias in the patient selection. In
addition, the differences between our and a previous
[18]
study
are explained by referring to the comparison
of maximal thickness between gastric lymphoma
and gastric carcinoma. Therefore, the results and
conclusions of our study need to be verified by more
prospective studies with a large population.
18
In conclusion, there were differences in F-FDG
PET/CT features of gastric lymphoma compared
with gastric carcinoma. The former predominantly
presented with diffuse/segmental tracer uptake
(type Ⅰ and type Ⅱ), whereas the latter showed mainly
18
local tracer uptake (type Ⅲ). Regarding F-FDG
uptake intensity, measured by SUVmax or SUVmax/
THKmax, a higher SUVmax and a larger SUVmax/
THKmax suggest that gastric lymphoma is more likely.
In addition, SUVmax/THKmax was a more reliable
indicator for differentiation of gastric lymphoma from
gastric carcinoma in comparison with SUVmax alone.

This is an interesting study that compared differences in the PET/CT findings
between the gastric lymphoma and gastric carcinoma.
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Abstract
AIM
To analyze the risk factors for pancreatic fistula after
pancreaticoduodenectomy.

Institutional review board statement: The study was reviewed
and approved by the Chinese People’s Liberation Army General
Hospital Institutional Review Board.

METHODS
We conducted a retrospective analysis of 539
successive cases of pancreaticoduodenectomy
performed at our hospital from March 2012 to October
2015. Pancreatic fistula was diagnosed in strict
accordance with the definition of pancreatic fistula from
the International Study Group on Pancreatic Fistula.
The risk factors for pancreatic fistula were analyzed by
univariate analysis and multivariate logistic regression
analysis.

Informed consent statement: All study participants, or their
legal guardians, provided informed written consent prior to study
enrollment.
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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
A total of 269 (49.9%) cases of pancreatic fistula
occurred after pancreaticoduodenectomy, including
71 (13.17%) cases of grade A pancreatic fistula, 178
(33.02%) cases of grade B, and 20 (3.71%) cases
of grade C. Univariate analysis showed no significant
correlation between postoperative pancreatic fistula
(POPF) and the following factors: age, hypertension,
alcohol consumption, smoking, history of upper
abdominal surgery, preoperative jaundice management,
preoperative bilirubin, preoperative albumin, pancreatic
duct drainage, intraoperative blood loss, operative time,
intraoperative blood transfusion, Braun anastomosis,
and pancreaticoduodenectomy (with or without pylorus
preservation). Conversely, a significant correlation was
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observed between POPF and the following factors:
gender (male vs female: 54.23% vs 42.35%, P =
0.008), diabetes (non-diabetic vs diabetic: 51.61% vs
39.19%, P = 0.047), body mass index (BMI) (≤ 25 vs
> 25: 46.94% vs 57.82%, P = 0.024), blood glucose
level (≤ 6.0 mmol/L vs > 6.0 mmol/L: 54.75% vs
41.14%, P = 0.002), pancreaticojejunal anastomosis
technique (pancreatic duct-jejunum double-layer
mucosa-to-mucosa pancreaticojejunal anastomosis
vs pancreatic-jejunum single-layer mucosa-tomucosa anastomosis: 57.54% vs 35.46%, P = 0.000),
diameter of the pancreatic duct ( ≤ 3 mm vs > 3
mm: 57.81% vs 38.36%, P = 0.000), and pancreatic
texture (soft vs hard: 56.72% vs 29.93%, P = 0.000).
Multivariate logistic regression analysis showed that
gender (male), BMI > 25, pancreatic duct-jejunum
double-layer mucosa-to-mucosa pancreaticojejunal
anastomosis, pancreatic duct diameter ≤ 3 mm, and
soft pancreas were risk factors for pancreatic fistula
after pancreaticoduodenectomy.

INTRODUCTION
Pancreaticoduodenectomy is the primary treatment
for malignant tumors involving the pancreatic head,
[1,2]
the lower bile duct, and the duodenal ampulla .
The safety of pancreaticoduodenectomy has been
greatly improved; however, perioperative mortality
[3-5]
rate still ranges from 0%-5%
. Studies have
reported that the incidence of pancreatic fistula
after pancreaticoduodenectomy is approximately
[6-16]
11.4%-64.3%
. Pancreatic fistula remains the most
common complication after pancreaticoduodenectomy,
and this complication prolongs hospital stays and
leads to high medical expenses. Pancreatic fistula is
associated with delayed gastric emptying, abdominal
abscesses, infection at the incision, sepsis, and
[17-20]
bleeding after pancreaticoduodenectomy
. Several
approaches may reduce the incidence of pancreatic
fistula after pancreaticoduodenectomy; however, to
date, a definitive approach that prevents pancreatic
[21-23]
fistula is still lacking
. In this study, we conducted
a retrospective analysis of 539 successive cases of
pancreaticoduodenectomy performed over more than
3 years in the Department of Hepatobiliary Surgery
of the PLA General Hospital, China, to determine the
potential risk factors for pancreatic fistula.

CONCLUSION
Gender (male), BMI > 25, pancreatic duct-jejunum
double-layer mucosa-to-mucosa pancreaticojejunal
anastomosis, pancreatic duct diameter ≤ 3 mm, and
soft pancreas were risk factors for pancreatic fistula
after pancreaticoduodenectomy.
Key words: Pancreaticoduodenectomy; Pancreatic
fistula; Pancreaticojejunal anastomosis; Pancreatic
duct; Complications

MATERIALS AND METHODS
Patients and data collection

We reviewed the data from 539 successive cases of
pancreaticoduodenectomy performed in the Depart
ment of Hepatobiliary Surgery of the PLA General
Hospital, China, from March 2012 to October 2015.
The following patient data were collected: gender, age,
hypertension, diabetes, alcohol consumption, smoking,
body mass index (BMI), history of upper abdominal
surgery, preoperative jaundice management, blood
sugar, preoperative bilirubin, preoperative albumin,
pancreatic duct drainage, intraoperative blood loss,
intraoperative blood transfusion, operative time,
pancreaticojejunal anastomosis technique, Braun
anastomosis, pylorus preservation, diameter of the
pancreatic duct, and pancreatic texture. Additionally,
all postoperative complications and postoperative
pathological findings (especially information about
pancreatic fistula) were recorded. All 539 cases were
included in this comprehensive study.

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

Core tip: Pancreaticoduodenectomy remains the
standard surgical approach for tumors involving the
lower bile duct, the pancreatic head, the duodenal
papilla, and the ampulla. This operation is considered
risky because of high rates of postoperative mortality
and complications. In this study, we collected a large
sample of 539 cases and analyzed several potential risk
factors for pancreatic fistula. A statistical analysis of
the case data showed that gender (male), pancreatic
duct-jejunum double-layer mucosa-to-mucosa pancrea
ticojejunal anastomosis, pancreatic duct diameter ≤ 3
mm, and soft pancreas were risk factors for pancreatic
fistula after pancreaticoduodenectomy.
Hu BY, Wan T, Zhang WZ, Dong JH. Risk factors for
postoperative pancreatic fistula: Analysis of 539 successive
cases of pancreaticoduodenectomy. World J Gastroenterol 2016;
22(34): 7797-7805 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i34/7797.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i34.7797
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Preoperative preparation

Prior to surgery, the patients underwent routine tests,
examinations, and evaluations of organ function. To
date, no uniform standard exists for preoperative
jaundice management. We believe that patients with
obstructive jaundice who have a poor mental state,
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the tube was placed in the jejunum via biliary-jejunal
anastomosis. The following two approaches were used
for pancreaticojejunal anastomosis: (1) pancreatic ductjejunum double-layer mucosa-to-mucosa pancreatico
jejunal anastomosis in 398 patients; and (2) pancreaticjejunum single-layer mucosa-to-mucosa anastomosis in
141 patients.

Table 1 Criteria utilized to grade postoperative pancreatic
fistula
Grade
Clinical conditions
Specific treatment1
US/CT (if obtained)
Persistent drainage
(after 3 wk)2
Reoperation
Death related to POPF
Signs of infection
Sepsis
Readmission

A

B

C

Well

Often well

No
Negative
No

Yes/no
Negative/
positive
Usually yes

Ill appearing/
bad
Yes
Positive

No
No
No
No
No

No
No
Yes
No
Yes/no

Classification and detailed definition of postoperative
pancreatic fistula

Yes

Pancreatic fistula was defined according to the
International Study Group on Pancreatic Fistula (ISGPF)
as any measurable volume of drainage fluid output
via operatively or postoperatively placed drains on or
after postoperative day 3 with amylase content greater
than three times the upper normal serum value.
Three grades of pancreatic fistulas were determined
according to their clinical severity. The grades were
determined only after complete healing of the fistula
[24]
(Table 1) .

Yes
Possibly yes
Yes
Yes
Yes/no

1

Partial (peripheral) or total parenteral nutrition, antibiotics, enteral
nutrition, somatostatin analogue, and/or minimally invasive drainage;
2
With or without a drain in situ. CT: Computed tomography; POPF:
Postoperative pancreatic fistula; US: Ultrasonography.

Table 2 Disease composition
Pathological type
Pancreatic head cancer
Neuroendocrine tumor of the pancreatic head
Benign tumor of the pancreatic head
Solid pseudopapillary tumor of the pancreatic head
Autoimmune pancreatitis
Chronic pancreatitis
Lower bile duct cancer
Benign tumor of the lower bile duct
Ampullary cancer
Benign ampullary tumor
Duodenal stromal tumor
Duodenal cancer
Chronic mucosal inflammation of the descending duodenum
Duodenal papillary cancer
Benign duodenal papillary tumor
Duodenal papillary neuroendocrine tumor
Total

Statistical analysis

All clinical data were entered into an Excel spreadsheet,
and SPSS 19.0 software was used for statistical
analyses. Measurement data are expressed as the
mean ± SD. A t-test was performed for between-group
comparisons. Categorical variables were analyzed
2
using Fisher’s exact test and the χ test. All variables
were incorporated into a univariate analysis. P < 0.05
was considered statistically significant. Statistically
significant variables demonstrated in the univariate
analysis were incorporated into a multivariate logistic
regression analysis to identify the independent risk
factors for pancreatic fistula after pancreaticoduo
denectomy.

n
126
12
12
16
3
11
145
13
76
6
7
10
3
90
6
3
539

RESULTS
Overall characteristics of patients and complications

severe dehydration, poor nutrition, or severe jaundice
should undergo jaundice management and supportive
therapy to improve their nutritional intake and reple
nish fluids. Patients should subsequently undergo
surgery after their general condition has improved.

This study included 343 male patients and 196 female
patients with a mean age of 56.42 ± 10.75 years. The
mean hospital stay was 30.03 ± 8.86 d. The condition
(confirmed by postoperative pathology) of the 539
patients is shown in Table 2. Among the 539 patients,
349 (64.75%) experienced complications, and 269
(49.9%) had POPF, including 71 (13.17%) cases of
grade A pancreatic fistula, 178 (33.02%) cases of
grade B, and 20 (3.71%) cases of grade C. Additionally,
198 (36.73%) patients had clinically relevant POPFs.
The following complications were identified: 25 (4.64%)
cases of abdominal bleeding, 59 (10.95%) cases of
bile leakage, 120 (22.63%) cases of delayed gastric
emptying, 9 (1.67%) cases of pancreaticojejunal
anastomotic bleeding, 66 (12.24%) cases of abdominal
infection, and 45 (8.35%) cases of incision infection.
Moreover, 15 (2.78%) patients underwent a second
operation, and 6 (1.11%) patients died after surgery
due to abdominal bleeding associated with a pancreatic

Surgical approach

In this study, 275 patients underwent classic pan
creaticoduodenectomy, of whom 13 had portal vein
resection and reconstruction. Additionally, 264 patients
underwent pylorus-preserving pancreaticoduode
nectomy, of whom six had portal vein resection and
reconstruction. Child’s technique (pancreaticojejunal
anastomosis, biliary-jejunal anastomosis, and gastro
jejunal anastomosis in sequential order) was used for
the gastrointestinal reconstruction. A support tube
was placed in the pancreatic duct of all patients. The
support tube was drained via the jejunal loop to outside
the body in 127 patients. In the remaining patients,
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fistula.

Table 3 Risk factors for pancreatic fistula according to
univariate analysis
Variable

Univariate analysis

Univariate analysis showed no significant correlation
between POPF and the following factors: age, hyper
tension, alcohol consumption, smoking, history of
upper abdominal surgery, preoperative jaundice
management, preoperative bilirubin, preoperative
albumin, pancreatic duct drainage, intraoperative blood
loss, operative time, intraoperative blood transfusion,
Braun anastomosis, and pancreaticoduodenectomy
(with or without pylorus preservation). Conversely,
a significant correlation was observed between POPF
and the following factors: gender (male vs female:
54.23% vs 42.35%, P = 0.008), diabetes (nondiabetic vs diabetic: 51.61% vs 39.19%, P = 0.047),
BMI (≤ 25 vs > 25: 46.94% vs 57.82%, P = 0.024),
blood glucose level (≤ 6.0 mmol/L vs > 6.0 mmol/L:
54.75% vs 41.14%, P = 0.002), pancreaticojejunal
anastomosis technique (pancreatic duct-jejunum
double-layer mucosa-to-mucosa pancreaticojejunal
anastomosis vs pancreatic-jejunum single-layer
mucosa-to-mucosa anastomosis: 57.54% vs 35.46%,
P = 0.000), diameter of the pancreatic duct (≤ 3 mm
vs > 3 mm: 57.81% vs 38.36%, P = 0.000), and
pancreatic texture (soft vs hard: 56.72% vs 29.93%,
P = 0.000) (Table 3).

POPF occurrence

Sex
Male
Female
Age (yr)
≥ 60
< 60
Body mass index (kg/m2)
> 25
≤ 25
Hypertension
Yes
No
Diabetes mellitus
Yes
No
Drinking history
Yes
No
Smoking history
Yes
No
Epigastrium surgery
Yes
No
Preoperative biliary drainage
Yes
No
Preoperative total bilirubin
(µmol/L)
> 171
≤ 171
Serum albumin (g/L)
< 35
≥ 35
Blood glucose (mmol/L)
≤ 6.0
> 6.0
Pancreaticojejunostomy
Double-layer mucosa-to-mucosa
Single-layer mucosa-to-mucosa
Blood loss (mL)
> 600
≤ 600
Pancreatic duct diameter (mm)
≤3
>3
Pylorus-preserving
Yes
No
Pancreatic duct drainage
External
Enteral
Intraoperative blood infusion
Yes
No
Operative time (min)
> 300
≤ 300
Braun anastomosis
Yes
No
Pancreatic texture
Soft
Hard

Yes

No

186
83

157
113

99
170

116
154

85
184

62
208

62
207

53
217

29
240

45
225

77
193

73
197

78
191

66
204

18
251

23
247

65
204

59
211

73
196

67
203

41
228

41
229

190
79

157
113

229
50

169
91

34
235

37
225

185
84

135
135

131
138

133
137

64
205

63
207

36
233

46
224

196
73

191
79

78
192

94
175

228
41

174
96

WJG|www.wjgnet.com

χ2

P value

7.042

0.008

2.132

0.144

5.066

0.024

0.938

0.332

3.941

0.047

0.169

0.681

1.426

0.232

0.640

0.424

0.406

0.524

0.378

0.539

0.000

0.985

9.157

0.002

20.323

0.000

0.134

0.715

19.687

0.000

0.017

0.897

0.016

0.900

1.310

0.252

0.299

0.584

2.274

0.132

29.330

0.000

Multivariate logistic regression analysis

The risk factors for pancreatic fistula (gender, dia
betes, BMI, blood glucose level, pancreaticojejunal
anastomosis technique, the diameter of the pancreatic
duct, and pancreatic texture) demonstrated in the
univariate analysis were incorporated into the logistic
regression analysis. The results showed that gender
(male), BMI > 25, pancreatic duct-jejunum double-layer
mucosa-to-mucosa pancreaticojejunal anastomosis,
pancreatic duct diameter ≤ 3 mm, and soft pancreas
were risk factors for pancreatic fistula after pancreati
coduodenectomy (Table 4).

DISCUSSION
The causes of pancreatic fistula include pancreatico
jejunal anastomotic leak, leak from pancreatic
resection, leak associated with damage to the
pancreatic capsule, and leak via the puncture channel.
Pancreatic fistula after pancreaticoduodenectomy is
a common and serious complication and the most
important cause of subsequent complications and
[8,24-26]
death after this procedure
. The dilemma of
pancreatic fistula after pancreaticoduodenectomy
[27]
has not yet been resolved . Currently, researchers
believe that the following factors are related to
pancreatic fistula: gender, age, preoperative jaundice,
intraoperative blood loss, operative time, pancreatic
texture, BMI, diameter of the main pancreatic duct,
[14,28-32]
and pancreaticojejunal anastomosis
. Peng et
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Table 4 Logistic regression for the predictors of pancreatic fistula following pancreaticoduodenectomy
Variable
Sex
Body mass index
Pancreaticojejunostomy
Pancreatic duct diameter
Pancreatic texture

B

SE

Wals

P value

OR

95%CI

0.579
0.518
0.743
0.724
1.115

0.196
0.213
0.217
0.192
0.227

8.688
5.941
11.723
14.254
24.102

0.003
0.015
0.001
0.000
0.000

1.784
1.679
2.102
2.062
3.048

1.214-2.622
1.107-2.546
1.374-3.216
1.416-3.003
1.953-4.757

[33]

al
suggested that bundled pancreaticogastrostomy
was a safe and effective anastomosis technique to
prevent the leakage of pancreatic juice from pan
[34]
creaticojejunal anastomosis. Shubert et al
believed
that the clinical risk score for pancreatic fistula (CRSPF) could effectively predict pancreatic fistula after
pancreaticoduodenectomy. In this study, multivariate
logistic regression analysis showed that gender (male),
BMI > 25, pancreatic duct-jejunum double-layer
mucosa-to-mucosa pancreaticojejunal anastomosis,
pancreatic duct diameter ≤ 3 mm, and soft pancreas
were risk factors for pancreatic fistula after pancreati
coduodenectomy.
Kawai retrospectively analyzed the perioperative
data from 1239 patients treated at 11 medical facilities
from 2005 to 2009 and summarized that the male
gender was a risk factor for pancreatic fistula after
[35]
pancreaticoduodenectomy . This study included
343 male patients (POPF rate: 54.23%) and 196
female patients (POPF rate: 42.35%). Univariate
analysis showed that the difference in the POPF
rate was significant (P = 0.008), suggesting that
male patients were at a higher risk than female
patients for the development of pancreatic fistula
after pancreaticoduodenectomy. Additionally, multi
variate logistic regression analysis showed that the
difference was significant (P = 0.003), suggesting
that gender (male) was a risk factor for pancreatic
fistula after pancreaticoduodenectomy. The odds
ratio (OR = 1.784; 95%CI: 1.214-2.622) showed
that the risk of developing pancreatic fistula after
pancreaticoduodenectomy was 1.784-fold higher in
male patients than in female patients.
[36]
El Nakeeb et al
analyzed 471 cases of pancrea
ticoduodenectomy and found that BMI > 25 was a
[28]
risk factor for POPF. Gaujoux et al
analyzed 100
successive cases of pancreaticoduodenectomy and
similarly found that BMI > 25 was a risk factor for
pancreatic fistula after pancreaticoduodenectomy.
In our study, 392 patients had a BMI ≤ 25 (POPF
rate: 46.94%), and 147 patients had a BMI > 25
(POPF rate: 57.82%). Univariate analysis showed
that the difference in the POPF rates was significant
(P = 0.024), suggesting that patients with a BMI >
25 were at a higher risk of developing pancreatic
fistula after pancreaticoduodenectomy than patients
with a BMI ≤ 25. Additionally, multivariate logistic
regression analysis showed that the difference was
significant (P = 0.015 < 0.05), which indicated that
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BMI > 25 was a risk factor for pancreatic fistula after
pancreaticoduodenectomy. The OR (1.679, 95%CI:
1.107-2.546) showed that the risk of developing a
pancreatic fistula after pancreaticoduodenectomy was
1.679-fold higher in patients with a BMI > 25 than
in patients with a BMI ≤ 25. The higher incidence
of pancreatic fistula after pancreaticoduodenectomy
in patients with a BMI > 25 may be associated with
the following factors: increased difficulty in exposing
the pancreas during surgery due to a higher volume
of abdominal fat and peripancreatic fat, a higher
risk of damage to the pancreatic capsule during
separation due to a soft and brittle pancreas, and a
higher risk of pancreatic leakage caused by damage
to the pancreatic tissue and fine pancreatic ducts due
to suturing and knotting during pancreaticojejunal
anastomosis.
Pancreaticojejunal anastomosis is a critical step
during pancreaticoduodenectomy and affects the
surgical outcome. However, pancreaticojejunal ana
stomosis is a complex procedure during pancreatico
duodenectomy, and the choice of an appropriate
pancreaticojejunal anastomosis technique should
[33,37-40]
reduce the incidence of pancreatic fistula
. Fu
[32]
et al
retrospectively analyzed 532 cases of pan
creaticoduodenectomy and found that the pancrea
ticojejunal anastomosis technique was a risk factor
for pancreatic fistula after pancreaticoduodenectomy.
In this study, pancreatic duct-jejunum double-layer
mucosa-to-mucosa pancreaticojejunal anastomosis
was performed in 398 patients (POPF rate: 57.54%),
and pancreatic-jejunum single-layer mucosa-tomucosa anastomosis was performed in 141 patients
(POPF rate: 35.46%). Univariate analysis showed
that the difference in the POPF rates was significant
(P = 0.000), suggesting that patients who underwent
pancreatic duct-jejunum double-layer mucosato-mucosa pancreaticojejunal anastomosis were
at a higher risk of developing pancreatic fistula
after pancreaticoduodenectomy than patients who
underwent pancreatic-jejunum single-layer mucosato-mucosa anastomosis. Additionally, multivariate
logistic regression analysis showed that the diffe
rence was significant (P = 0.001), suggesting that
pancreatic duct-jejunum double-layer mucosa-tomucosa pancreaticojejunal anastomosis was an
independent risk factor for pancreatic fistula after
pancreaticoduodenectomy. The OR (2.102, 95%CI:
1.374-3.216) indicated that the risk of developing a
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[38]

section, thereby reducing pancreatic leakage .
A soft pancreas is a risk factor for pancreatic
[35-37,41,42]
fistula after pancreaticoduodenectomy
. The
pancreatic stumps of all cases were submitted for
pathological diagnosis of the degree of pancreatic
fibrosis. All cases of pancreatic texture were divided
into two groups (normal soft pancreas with no signi
ficant fibrosis, as shown in Figure 1A, and hard pan
creas with fibrosis, as shown in Figure 1B). In this
study, 402 patients had a soft pancreas (POPF rate:
56.72%), and 137 patients had a hard pancreas
(POPF rate: 29.93%). Univariate analysis showed that
the difference in the POPF rates was significant (P =
0.000), suggesting that patients with a soft pancreas
were at a higher risk of developing a pancreatic fistula
after pancreaticoduodenectomy than patients with
a hard pancreas. Additionally, multivariate logistic
regression analysis demonstrated that the difference
was significant (P = 0.000), which indicated that
a soft pancreas was an independent risk factor for
pancreatic fistula after pancreaticoduodenectomy.
The OR (3.048, 95%CI: 1.953-4.757) showed
that the risk of developing a pancreatic fistula after
pancreaticoduodenectomy was 3.048-fold higher in
patients with a soft pancreas than in patients with
a hard pancreas. The higher incidence of pancreatic
fistula after pancreaticoduodenectomy in patients with
a soft pancreas may be related to insecure suturing
and knotting, which can result in unsatisfactory
pancreaticojejunal anastomosis and a higher risk of
damage to the pancreatic tissue and fine pancreatic
ducts during suturing and knotting of a soft pancreas,
resulting in pancreatic leakage. The lower incidence
of pancreatic fistula after pancreaticoduodenectomy
in patients with a hard pancreas may be related to
pancreatic exocrine dysfunction due to prolonged
pancreatic duct obstruction and pancreatic fibrosis,
secure pancreaticojejunal anastomosis, and obstructed
minor ducts at the cut-surface of the hard pancreas,
[43]
and this could help reduce POPF and risk of damage
to the pancreatic tissue and fine pancreatic ducts
during suturing and knotting. Pancreatic texture is the
most significant single predictor of POPF, and clinicians
should select a pancreaticojejunal anastomosis
technique based on the texture of the pancreas to
[44]
reduce the incidence of POPF .
Pancreatic duct diameter ≤ 3 mm is a risk factor for
[14,37]
.
pancreatic fistula after pancreaticoduodenectomy
In this study, the diameter of the pancreatic duct
was ≤ 3 mm in 320 patients (POPF rate: 57.81%)
and > 3 mm in 219 patients (POPF rate: 38.36%).
Univariate analysis showed that the difference in the
POPF rates was significant (P = 0.000), suggesting
that patients with a pancreatic duct diameter ≤ 3
mm were at a higher risk of developing a pancreatic
fistula after pancreaticoduodenectomy than patients
with a pancreatic duct diameter > 3 mm. Additionally,
multivariate logistic regression analysis indicated that

A

B

Figure 1 Photomicrographs of the pathological examination for
pancreatic fibrosis. A: No significant fibrosis; B: Severe fibrosis (hematoxylineosin staining; original magnification, × 100).

pancreatic fistula after pancreaticoduodenectomy was
2.102-fold higher in patients who underwent pancreatic
duct-jejunum double-layer mucosa-to-mucosa
pancreaticojejunal anastomosis than in patients who
underwent pancreatic-jejunum single-layer mucosato-mucosa anastomosis. The higher incidence of
pancreatic fistula after pancreaticoduodenectomy
in patients who underwent pancreatic duct-jejunum
double-layer mucosa-to-mucosa pancreaticojejunal
anastomosis may be related to the following factors:
use of the 6-0 PDS Ⅱ suture during pancreatic ductjejunum anastomosis because the fine suture can
easily cut the pancreatic duct during suturing and
knotting, thereby resulting in a pancreaticojejunal
anastomotic leak, and the use of the 5-0 PDS Ⅱ
suture to suture the pancreatic section and the jejunal
seromuscular layer because this suture can easily
cut the pancreas and fine pancreatic ducts during
suturing and may not tightly secure the pancreatic
section and the jejunal seromuscular layer, thereby
resulting in pancreatic leakage and leakage from the
fine pancreatic ducts. In contrast, the 4-0 Vicryl suture
is used for full-layer suturing of the pancreas, the
pancreatic duct, and the jejunum during pancreaticjejunum single-layer mucosa-to-mucosa anastomosis;
therefore, the suture is secure and reduces the
risk of cutting the pancreas. Moreover, the jejunal
seromuscular layer covers the entire pancreatic section
and presses the fine pancreatic ducts at the pancreatic
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the difference was significant (P = 0.000), suggesting
that pancreatic duct diameter ≤ 3 mm was an
independent risk factor for pancreatic fistula after
pancreaticoduodenectomy. The OR (2.062, 95%CI:
1.416-3.003) showed that the risk of developing a
pancreatic fistula after pancreaticoduodenectomy was
2.062-fold higher in patients with a pancreatic duct
diameter ≤ 3 mm than in patients with a pancreatic
duct diameter > 3 mm. The lower incidence of
pancreatic fistula after pancreaticoduodenectomy in
patients with a pancreatic duct diameter > 3 mm may
be related to pancreatic duct obstruction, pancreatic
duct fibrosis, pancreatic fibrosis, ease of suturing, and
a lower risk of damage to the pancreatic duct during
suturing and knotting. As a result, the incidence of
pancreatic fistula after pancreaticoduodenectomy was
lower in patients with pancreatic duct dilation than in
patients without.
Univariate analysis demonstrated that the incidence
of pancreatic fistula after pancreaticoduodenectomy
was significantly lower in diabetic patients than in nondiabetic patients (39.19% vs 51.61%, P = 0.047) and
was significantly lower in patients with a blood glucose
level > 6.0 mmol/L than in patients with a blood
glucose level ≤ 6.0 mmol/L (41.14% vs 54.75%, P
= 0.002). However, multivariate logistic regression
analysis showed that these differences were not
significant (P = 0.268 and P = 0.115, respectively);
therefore, diabetes was not a risk factor for POPF.
In conclusion, gender (male), BMI > 25, pancreatic
duct-jejunum double-layer mucosa-to-mucosa pancrea
ticojejunal anastomosis, pancreatic duct diameter ≤ 3
mm, and soft pancreas were risk factors for pancreatic
fistula after pancreaticoduodenectomy.

POPF was diagnosed in strict accordance with the definition of pancreatic
fistula from the ISGPF. POPFs are more common in patients with relevant risk
factors, such as male gender, BMI > 25, pancreatic duct-jejunum double-layer
mucosa-to-mucosa pancreaticojejunal anastomosis, pancreatic duct diameter
≤ 3 mm, and soft pancreas. Care must be taken in patients with any of these
risk factors, and an appropriate pancreaticojejunal anastomosis technique
should be selected based on the texture of the pancreas and the diameter
of the pancreatic duct. Patients must be closely monitored after surgery, and
patients with a pancreatic fistula must be treated promptly to reduce the risk of
fatal complications.

Terminology

Pancreaticoduodenectomy remains the standard surgical treatment for tumors
involving the lower bile duct, the pancreatic head, the duodenal papilla, and the
ampulla. POPF is common after pancreaticoduodenectomy and is the leading
cause of postoperative complications and death following this procedure.

Peer-review

This retrospective study was well designed, and the statistical analysis
was highly accurate. The article has a sufficient number of references. The
manuscript language is of high quality, and the conclusions of the study
are rational. The findings from this study contribute to our understanding of
pancreatic fistula after pancreaticoduodenectomy. Readers with an interest in
pancreatic fistulas will find this paper beneficial and informative.
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Abstract
AIM
To determine the role of screening and surveillance
of hepatocellular carcinoma (HCC) in treatment-naïve
chronic hepatitis B (CHB) patients.

Informed consent statement: All study participants provided
written consent prior to the study enrollment.
Conflict-of-interest statement: The authors of this manuscript
declare that they have no conflicts of interest to disclose.

METHODS
We recruited 2293 CHB patients (both males and

Data sharing statement: We do not wish to share the data at
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females; aged 20-65 years). All patients were screened
and underwent surveillance using abdominal ultra
sonography (AUS) and serum alpha-fetoprotein (AFP)
assay every 6 mo. The diagnosis, staging and treatment
of HCC followed the American Association for the
Study of Liver Diseases practice guidelines and the
Barcelona Clinic Liver Cancer guidelines. The exclusion
criteria included: decompensated cirrhosis; a history
of any cancer in the last 5 years; previous antiviral
treatment for CHB; concurrent infection with hepatitis
C virus or human immunodeficiency virus; a Karnofsky
Performance Status score < 60%; or any medical
condition preventing eligibility to complete the protocol.
The prevalence and incidence rates of HCC were
determined; survival rates were calculated at 3-year
post HCC diagnosis. The sensitivity and specificity were
calculated on a per-patient basis.

in treatment-naïve Thai chronic hepatitis B (CHB)
patients through a screening and surveillance semiannual ultrasonography program. Most patients were at
an early stage (Stage 0, A or B) and were successfully
treated, with a high 3-year survival rate of 90%. A
national screening policy should thus be implemented
in CHB patients residing in a developing country with a
high incidence rate of HCC such as Thailand, to prevent
late-stage HCC development.
Ungtrakul T, Mahidol C, Chun-on P, Laohapand C, Siripongsakun
S, Worakitsitisatorn A, Vidhayakorn S, Boonchuay W, Dechma
J, Sornsamdang G, Soonklang K, Sriprayoon T, Tanwandee
T, Auewarakul CU. Hepatocellular carcinoma screening and
surveillance in 2293 chronic hepatitis B patients in an endemic
area. World J Gastroenterol 2016; 22(34): 7806-7812 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i34/7806.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i34.7806

RESULTS
Among 2293 treatment-naïve CHB patients, seven
cases had HCC at initial screening, giving a prevalence
rate of 305 per 100000 persons; 3.3% were diagnosed
with liver cirrhosis, all of which were Child-Pugh class A.
With a median follow-up time of 42 (range, 3-48) mo,
10 additional cases were diagnosed with HCC, resulting
in an incidence rate of 143 per 100000 persons per
year. This burden was as high as that reported in other
studies from East Asian countries. All HCC patients were
aged ≥ 40 years. Most were at an early stage (Stage
0, A or B); 14/17 cases were successfully treated with
surgical resection or radiofrequency ablation, with a
high 3-year survival rate of 90%. Hemangioma was
the most common focal liver lesion in CHB patients
detected by AUS; the main causes of AFP elevation at
the initial screening were cirrhosis, increased alanine
aminotransferase level and HCC. AUS detected 16/17
HCC cases whereas AFP levels ≥ 20 mg/L at diagnosis
were observed in only 7/17 patients, most with a tumor
size > 5 cm. For HCC screening and surveillance, AUS
had a sensitivity and specificity of 94% and 82%,
respectively, whereas the sensitivity and specificity of
AFP at a cut-off value of ≥ 20 mg/L were 41% and
98%, respectively. Combined use of AUS and AFP assay
did not improve effectiveness.

INTRODUCTION
Hepatitis B virus (HBV)-associated hepatocellular
carcinoma (HCC) is a major health problem in all
regions of Thailand, with approximately 12000 new
cases per year; most are diagnosed at an advanced
stage. The mortality rate is also high with a median
[1-5]
survival time of < 1 year . HCC screening and HCC
surveillance are defined as a one-time test and repeated
[6]
tests over time for detecting HCC, respectively .
Abdominal ultrasonography (AUS) and serum alphafetoprotein (AFP) measurement are widely accepted
as routine HCC screening and surveillance tests in
[7]
chronic hepatitis B (CHB) patients . Several previous
studies have shown the benefit of HCC screening
and surveillance in the detection of early-stage HCC;
however, there are conflicting results regarding the
efficacy of screening and surveillance concerning
[8-10]
improvement in survival
.
The validity of AFP or AUS or both for the screening
and surveillance of HCC remains variable in large-scale
[11-13]
screening programs
. The sensitivity and specificity
[14]
of AFP is 40%-60% and 76%-94%, respectively , as
compared with 71%-84% and 93%-98%, respectively,
[15,16]
for AUS
. Currently, international liver societies
including the European Association for the Study of the
Liver and the American Association for the Study of
Liver Diseases recommend screening and surveillance
tests in CHB patients who are at high risk of HCC
[17,18]
development
.
At present, no national policy for screening and
early detection of HCC is available in Thailand, which is
an endemic area for hepatitis B infection. HCC remains
the number one cancer killer in the Thai population,
affecting both males and females. Screening and
surveillance are not accessible in most regions because
of the lack of personnel and technology and its
associated high costs. Moreover, the majority of CHB

CONCLUSION
Implementation of active screening and surveillance
using AUS to detect early-stage HCC in naïve CHB
patients aged ≥ 40 years in an endemic area is of
benefit.
Key words: Liver cancer; Ultrasonography; alphafetoprotein; Early detection; Hepatitis B
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This large cohort study of 2293 patients
revealed a high prevalence rate (305 per 100000
persons) and a high incidence rate (143 per 100000
persons per year) of hepatocellular carcinoma (HCC)
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patients in Thailand are unaware of the possible longterm consequences of their conditions, including the
development of HCC.
In the present study, we undertook a screening and
surveillance program involving treatment-naïve CHB
patients using AUS and serum AFP assay to screen for
early-stage HCC. The prevalence and incidence rates
of HCC were determined. Patients were followed every
6 mo and survival rates were also calculated at 3-year
post HCC diagnosis.

and surface; space-occupying lesions; portal vein
diameter; spleen size; ascites; porto-systemic shunt;
bile duct dilatation; and intraabdominal lympha
denopathy. Measurement of HBV DNA, aspartate
aminotransferase, alanine aminotransferase (ALT),
and AFP levels were repeated at 6-mo intervals. If the
serum AFP was ≥ 20 mg/L or a focal solid liver nodule
was detected on AUS, further diagnostic studies
were performed including computerized tomography,
magnetic resonance imaging, or biopsy of the liver
lesion. Importantly, all patients were reminded by
our study team to schedule follow-up examinations.
Antiviral agents were given if HBV DNA levels were
≥ 2000 IU/mL, with any of the following: (1) ALT >
60 IU/mL; (2) a transient elastography (FibroScan:
Echosens, Paris, France) Fibroscan score > 7.2 kPa; or
(3) significant fibrosis or cirrhosis on liver biopsy.
HCC was the major outcome in our study. The
patients were followed until the time of HCC diagnosis
and death. Patients who were lost to follow-up were
censored at the time of their last visit to the clinic.
HCC was diagnosed using the American Association
for the Study of Liver Diseases practice guidelines and
the Barcelona Clinic Liver Cancer (BCLC) guidelines
[18]
were used for tumor staging . All HCC patients
were evaluated for hepatic resection, radiofrequency
ablation, chemoembolization or systemic treatment.
Additionally, cirrhosis was defined according to the
following criteria: a METAVIR fibrosis score from liver
biopsy equal to 4, or two consecutive AUS exami
nations indicating liver cirrhosis or ultrasonographic
[19,20]
cirrhosis with a FibroScan score ≥ 10.0 kPa
.

MATERIALS AND METHODS
Study population

We enrolled male and female Thai patients, aged 20-65
years, who were serologically positive for hepatitis B
surface antigen (s-Ag). The exclusion criteria included:
decompensated cirrhosis (Child-Pugh class C or Model
for End-stage Liver Disease score > 15); a history
of any cancer in the last 5 years; previous antiviral
treatment for CHB; concurrent infection with hepatitis
C virus infection or human immunodeficiency virus
infection; a Karnofsky Performance Status score <
60%; or any medical condition preventing eligibility
to complete the protocol (e.g., poor renal function,
a serum creatinine level > 1.5 mg/dL, or creatinine
clearance < 50 mL/min. An interview questionnaire
was utilized to collect the demographic data, clinical
data and social determinants. All participants
underwent a complete blood count, liver function
tests, serum creatinine measurement, prothrombin
time measurement, and human immunodeficiency
virus antibody testing. Serological tests included
AFP assay, quantitative measurement of hepatitis B
s-Ag, electrochemiluminescence assay of hepatitis
B e-antigen (COBAS 6000/e601 Roche Diagnostics,
Mannheim, Germany), electrochemiluminescence
assay of anti-HCV (Model e601: Cobas 600,
Roche Diagnostics, United States), and alanine
aminotransferase (ALT) assay using a serum chemistry
auto analyzer (Model 400: COBAS Integra, Roche
Diagnostics, United States) using commercial reagents
(Cobas Integra ALT: Roche Diagnostics). Serum HBV
DNA levels were tested using frozen samples by means
of the COBAS AmpliPrep/CoBASTaqMan HBV test v2.0
(Roche Diagnostics, United States), certified at a lower
detection limit of 20 IU/mL of HBV DNA. This study
met the guidelines of the Helsinki Declaration and
was approved by the Ethical Committee for Human
Research of Chulabhorn Research Institute (Certificate
no. 18/2553). Written informed consent was obtained
from all patients who participated in the study.

Statistical analysis

Values were expressed as medians (ranges) and
frequency unless otherwise indicated. Patient survival
was calculated from the time of HCC diagnosis to the
time of death or last follow-up. For evaluation of the
usefulness of the screening and surveillance test, the
sensitivity and specificity were calculated on a perpatient basis. Patients with a mass lesion on AUS or a
serum AFP level > 20 mg/dL without subsequent HCC
confirmation on computed tomography or magnetic
resonance imaging scans were recorded as false
positive tests. All data were processed and analyzed
using Stata/SE v.12 software (StataCorp LP, College
Station, TX, United States).

RESULTS
CHB patient characteristics

A total of 2293 CHB patients were included in the
study, of whom 1078 (47%) were males with a
median age of 41.25 years and 54% were aged >
40 years. The demographic and clinical data are
summarized in Table 1. HBV e-Ag negative status
with an HBV DNA concentration < 2000 IU/mL was
most common and noted in 52% of the patients. This

Screening and surveillance protocol

AUS examinations were performed by experienced
radiologists at the initial screening and every 6 mo
thereafter to evaluate the following factors: liver
size; caudate/right lobe ratio; liver parenchyma
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frequency ablation was not performed because of a
difficult tumor location. No patient was sent for liver
transplant in this study.
During follow-up, three of the 17 patients died. One
patient died from sepsis and two patients died from
HCC. All patient tumors were inoperable at the initial
presentation. The 1- and 3-year survival rates were
100% and 90%, respectively. The median survival
time was not reached.

Table 1 Chronic hepatitis B Patient baseline characteristics n (%)
Characteristics

Total (n = 2293)

Male sex
Marital status (married)
Alcohol consumption
Tobacco habit
Overweight: BMI > 25
HBV status
Hepatitis B e-Ag positive
Hepatitis B e-Ag negative with HBV DNA <
2000 IU/mL
Hepatitis B e-Ag negative with HBV DNA ≥
2000 IU/mL
ALT > 60 IU/L
Cirrhosis

1078 (47.0)
1306 (57.2)
683 (29.7)
290 (12.6)
854 (37.2)
394 (17.0)
1184 (52.0)

Sensitivity and specificity of AFP measurement in the
detection of HCC

713 (31.0)

AFP levels ≥ 20 mg/L at diagnosis were observed in
seven of 17 HCC patients, most with a tumor size
> 5 cm. The reasons for elevation of the AFP level
at initial screening (≥ 20 mg/L) are detailed in Table
3. AFP elevation was caused by pregnancy in two
women. In 10 patients, the increased AFP level was
accompanied by a transient increase in ALT levels.
After treatment with antiviral medication, ALT and AFP
levels returned to normal. The remaining 10 cirrhotic
patients had a single episode of transient AFP elevation
of undetermined cause. The per-patient sensitivity and
specificity of AFP in the detection of HCC was 41% and
98%, respectively (Table 4).

262 (11.4)
77 (3.3)

BMI: Body mass index; ALT: Alanine aminotransferase.

was followed by HBV e-Ag negative patients with an
HBV DNA concentration of ≥ 2000 IU/mL (31%)
and HBV e-Ag positive patients (17%). Elevated
ALT levels were observed in 11% of the patients. At
enrollment, cirrhosis was diagnosed in 77 cases (3.3%),
all of which were scored as Child-Pugh class A; only
eight cases had ultrasonographic evidence of portal
hypertension.
With respect to protocol adherence, 203 patients
withdrew from the surveillance program after
completing at least one visit (8%) by our clinical
cut-off date for analysis (November 1, 2015).The
median number of surveillance tests per patient was 8
(range, 1-8) and 85% of patients were followed up as
scheduled.

Sensitivity and specificity of AUS in the detection of
HCC

AUS could detect 16 out of 17 HCC cases with a
median tumor size of 2.5 (range, 1.2-7.8) cm. In
2293 subjects, the initial AUS revealed a focal solid
liver nodule in 96 patients (4%). Hemangioma was
the most common focal hepatic lesion (Table 5). The
per-patient sensitivity and specificity of AUS in the
detection of HCC in CHB patients was 94% and 82%,
respectively. Using AUS in combination with AFP did
not increase the sensitivity or specificity (Table 4).

Prevalence and incidence rates and case characteristics
of HCC

HCC was detected in seven cases at the first screening,
giving prevalence rates of 305 per 100000 persons.
With a median follow-up time of 42 (range, 3-48)
mo, 10 additional cases were diagnosed with HCC,
resulting in incidence rates of 143 per 100000 persons
per year. The characteristics of the HCC subjects are
summarized in Table 2. The median age at diagnosis
was 57 (range, 40-69) years and half of the subjects
also had liver cirrhosis.
The diagnosis of HCC was histologically confirmed in
14 patients. Interestingly, one case (patient no. 15) was
diagnosed with a combined hepatocholangiocarcinoma
subtype. Of the 17 patients who developed HCC, seven
tumors were classified as very early stage (BCLC stage
0) and nine were classified as early stage (BCLC stage
A), and only one patient had an intermediate stage
tumor (BCLC stage B). Altogether, HCC were resected
in 12 cases and two cases underwent radiofrequency
ablation. Two out of 12 resectable patients received
preoperative transarterial chemoembolization (TACE)
because they had large tumors. Furthermore, three
cases (patient no. 8, 10 and 15) were inoperable
because of excessive portal hypertension, and radio
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DISCUSSION
A requirement for HCC screening is presently not
a national policy in Thailand. The majority of CHB
patients are not offered antiviral therapy, leading
to very high mortality from associated conditions
including HCC. According to studies by Vatanasapt
[21]
et al , hospital-based 5-year survival rates of HCC
cases were only 8.5% in males and 8.3% in females.
The present study confirmed that the HCC burden was
a major health problem in Thailand, with an urgent
need to implement an HCC screening and surveillance
program. The prevalence and incidence rates of HCC in
our study were as high as those reported in previous
[22]
studies from other East Asian countries .
In our study, we found that screening and sur
veillance for HCC using AUS and serum AFP testing
every 6 mo led to tumor detection at an operable and
early stage in 80% of cases; this resulted in patients
having a higher chance of receiving curative treatment.
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Table 2 Hepatocellular carcinoma patient characteristics
Patient
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Age (yr)

Sex

Time from
entry to
diagnosis
(mo)

Tumor
No.

Size (cm)

Cirrhosis

BCLC stage

50
63
54
57
44
51
45
45
62
61
57
66
40
69
61
64
48

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

At entry
At entry
At entry
At entry
At entry
At entry
At entry
6
6
6
12
24
24
30
39
39
45

1
2
1
1
1
1
1
1
2
1
2
1
1
1
1
1
1

6.5
6.4
4.5
7.8
1.7
6.5
4.5
1.4
1.3
4.7
4.0
1.7
1.4
1.4
2.2
1.7
2.6

Y
N
Y
Y
N
N
N
Y
Y
Y
N
Y
N
N
Y
Y
N

A
B
A
A
0
A
A
0
0
A
A
0
0
0
A
0
A

AFP at
diagnosis
(mg/L)
391
8419
4
25
4
24
55
5
13
22
15
3
<1
2
3020
8.2
2.5

Treatment

Segmental resection
TACE then segmental resection
Hepatectomy
TACE, PVE then hepatectomy
Segmental resection
Hepatectomy
Hepatectomy
TACE
RFA
TACE
Segmental resection
Segmental resection
Segmental resection
Segmental resection
SBRT, TACE
RFA
Segmental resection

AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer; TACE: Transarterial chemoembolization; PVE: Portal vein embolization; RFA:
Radiofrequency ablation; SBRT: Stereotactic body radiation therapy.

which 18816 participants were randomly allocated to
a screening or control group;the proportion of small
HCC was higher at 45.3% vs 0%, with resection rates
in the screening group of 46.5% vs 7.5%. Mortality
was also reduced by 37%. Our studies showed that
resection was possible in 80% of the screened HCC
cases, while a tumor size of < 5 cm was found in
70%. Despite a large tumor size in some patients in
this study, there were also other alternative treatment
modalities such as TACE or portal vein embolization
which could convert initially unresectable HCC to a
[23]
resectable tumor . However,there is no established
preoperative adjuvant strategy to improve prognosis
[24]
in HCC patients . Cirrhosis is another important
factor determining operability because it indicates
poor hepatic reserve. The heterogeneous proportion
of cirrhosis in screened populations in several studies
[10,25]
seemed to affect the treatment modality
. Liver
transplantation is the only potentially curative method
for both chronic liver disease and HCC. Nevertheless,
low availability of liver transplantation facilities in
many parts of the world and scarcity of donor organs,
with long and unpredictable waiting times, are the
main obstacles to the long-term survival of most
HCC patients. None of the HCC patients in our study
received liver transplantation.
There are conflicting results regarding the benefit
and efficacy of screening for improved survival. A
randomized controlled study conducted in Qidong,
[8]
China resulted in an earlier diagnosis of liver cancer,
[10]
but no reduction in mortality. Mok et al
studied
HCC patients with a tumor size of < 5 cm detected
using ultrasonography; serum AFP levels revealed no
benefit of early detection. In contrast, according to our
findings the 3-year survival rate of HCC patients was
90%. This rate was as high as the rate in stage 0 and

Table 3 Cause of alpha-fetoprotein elevation at the initial
screening and the number of subjects
Cause

No. of subjects

Hepatocellular carcinoma
Cirrhosis
Increased ALT levels
Pregnancy

5
10
10
2

ALT: Alanine aminotransferase.

Table 4 Performance of screening and surveillance tests for
hepatocellular carcinoma
Test

Sensitivity (%)

Specificity (%)

7/17 (41)
16/17 (94)
16/17 (94)

2247/2276 (98)
1879/2276 (82)
1872/2276 (82)

AFP
Ultrasound
Ultrasound and AFP
AFP: Alpha-fetoprotein.

Table 5 Diagnosis of focal liver nodules at initial screening
using abdominal ultrasonography
Diagnosis

n (%)

HCC
Hemangioma
Calcified granuloma
Liver cyst
Regenerate nodule
Arteriovenous shunt
Normal liver parenchyma

7 (8)
49 (51)
8 (8)
8 (8)
3 (3)
6 (6)
15 (19)

HCC: Hepatocellular carcinoma.

Our results were better than those of the previous
[9]
large screening study conducted by Zhang et al , in
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[26]

stage A HCC based on BCLC staging .
According to many international guidelines and
[17,18,27]
reports
, AUS is the most appropriate tool for
screening and surveillance. In the current study, AUS
could detect almost all HCC lesions with a sensitivity
and specificity of 94% and 82%, respectively, and
more efficiently than using serum AFP level. Increased
AFP levels were observed in only half of the HCC
patients, most of whom had a tumor size of > 5 cm.
This was supported by a report demonstrating that
increased AFP levels might be indicative of severe liver
[28]
injury , and AFP can be increased by many other
factors. AFP levels may be elevated in patients without
HCC, especially during exacerbation of the hepatitis.
Another study using AFP for HCC detection achieved
[14]
the same diagnostic accuracy as in our study .
Thus, serum AFP alone is not an ideal marker for
the screening of HCC. The combined use of AFP and
ultrasonography is also not recommended because of
increased false positive rates that lead to increased
costs.
Based on cost-effectiveness data, several guidelines
recommend that the HCC screening in patients with
chronic HBV begins when they are cirrhotic, or for noncirrhotic patients at the age of 40 and 50 years for
Asian males and females, respectively; this is because
many CHB infection patients in Asian countries
[29]
develop early onset HCC at a younger age . The
strength of our study is the fact that we also screened
a large number of CHB infection patients aged < 40
years (half of the participants). However, none of the
younger patients developed early onset HCC as of the
last follow-up. Thus, our data support a low incidence
of HCC in the younger age group who may further
require the use of other clinical or laboratory predictors
to determine the risk of early-onset HCC.
Patient adherence can play an important role
[30]
in cancer screening and surveillance. Wong et al
reported an association between HCC screening
adherence and greater access to curative treatment.
In our study, the adherence rate was very high during
the 42 mo of follow-up. Our strategic methods included
short public service messages, reminder phone calls
and letters, appointments at the most convenient time
for the patient, and home visits. After implementing
this strategy, the adherence rate improved from 52%
to 99.9% in later visits (unpublished data). Lastly, the
present data support our previous economic evaluation
[31]
and budget impact analysis . Semi-annual AUS
was a cost-effective option for HCC screening and
surveillance in CHB patients aged 40-50 years, at a
willingness-to-pay threshold of 160000 Thai Baht per
quality adjusted life years.
Our study is the first large cohort study to report
the high prevalence and incidence rates of HCC in
CHB patients in Thailand through a screening and
surveillance program involving AUS. AUS examination
was more sensitive than serum AFP testing for earlystage HCC detection. Serum AFP did not provide any
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benefit for HCC screening and surveillance. The active
AUS screening program led to a high 3-year survival
benefit in our CHB population who developed HCC. It
is suggested that a screening and surveillance program
be implemented in CHB patients aged ≥ 40 years, at
a national policy level, to improve HCC detection at a
potentially operable and curable stage.
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Abstract
AIM
To investigate the cost effectiveness of routine small
bowel biopsies (SBBs) in patients with iron deficiency
anemia (IDA) independent of their celiac disease (CD)
serology test results.
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METHODS
We used a state transition Markov model. Two strategies
were compared: routine SBBs during esophagoga
stroduodenoscopy (EGD) in all patients with IDA
regardless their celiac serology status (strategy A)
vs SBBs only in IDA patients with positive serology
(strategy B). The main outcomes were quality adjusted
life years (QALY), average cost and the incremental
cost effectiveness ratio (ICER). One way sensitivity
analysis was performed on all variables and two way
sensitivity analysis on selected variables were done. In
order to validate the results, a Monte Carlo simulation
of 100 sample trials with 10, and an acceptability curve
were performed.
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RESULTS
Strategy A of routine SBBs yielded 19.888 QALYs with a
cost of $218.10 compared to 19.887 QALYs and $234.17
in strategy B. In terms of cost-effectiveness, strategy A
was the dominant strategy, as long as the cost of SBBs
stayed less than $67. In addition, the ICER of strategy
A was preferable, providing the cost of biopsy stays
under $77. Monte Carlo simulation demonstrated that
strategy A yielded the same QALY but with lower costs
than strategy B.
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CONCLUSION
Our model suggests that EGD with routine SBBs is a
cost-effective approach with improved QALYs in patients
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with IDA when the prevalence of CD is 5% or greater.
SBBs should be a routine screening tool for CD among
patients with IDA, regardless of their celiac antibody
status.

diagnosis and management of CD published in 2013
recommend routine SBBs during EGD in populations
where the probability for CD is 5% or more. As the
prevalence of CD among patients with IDA is about
5%, duodenal biopsies and serology for tTG antibodies
[11]
are therefore recommended . In addition, the
recently published guidelines regarding diagnosis and
management of CD recommend that individuals who
undergo EGD due to anemia, weight loss or diarrhea
should have SBBs, irrespective of their serology
[2]
status .
In the present study we compared two strategies
in patients with IDA; routine SBBs during EGD in all
patients regardless their celiac serology status (strategy
A) vs SBBs only in patients with positive serology
(strategy B). The main outcomes were quality adjusted
life years (QALY), average cost and the incremental
cost effectiveness ratio (ICER). In addition, we also
looked at life expectancy (LE) and ran an acceptability
model for our results.

Key words: Celiac disease; Iron deficiency anemia;
Cost-effectiveness; Esophagogastroduodenoscopy;
Markov model
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Common practice, and currents recommen
dations are to perform celiac serology tests and
endoscopies to iron defeciency patients. Obtaining
duodenal biopsies is usually reserved to patients with
positive celiac serology. We aimed to investigate the
cost effectiveness of routine duodenal biopsies in
each and every patient with iron deficiency anemia,
regardless serology status. We found this strategy to
have a higher quality adjusted life years, a lower cost
and a higher incremental cost effectiveness ratio over
the common strategy of selected duodenal biopsies
strategy.

MATERIALS AND METHODS
Model

Broide E, Matalon S, Kriger-Sharabi O, Richter V, Shirin H,
Leshno M. Cost effectiveness of routine duodenal biopsies
in iron deficiency anemia. World J Gastroenterol 2016;
22(34): 7813-7823 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i34/7813.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i34.7813

INTRODUCTION
Iron deficiency anemia (IDA) is a common presen
tation of celiac disease (CD) found in as many as 50%
[1-4]
of the patients at the time of diagnosis . However,
the need for routine duodenal biopsies in IDA patients,
independent of their celiac serology results, is still
[5-8]
debated .
In 2000, The British Society of Gastroenterology
guidelines recommended that in the absence of overt
blood loss or any other obvious cause for IDA, all
patients with IDA should undergo esophagogastro
duodenoscopy (EGD), including obtaining small
[9]
bowel biopsies (SBBs) . A decade later, the revised
guidelines published by the same group, recom
mended that in IDA patients SBBs should be obtained
[10]
only if celiac serology was positive or not performed .
This recommendation is based on the estimation
that for every 330 biopsies taken from patients with
negative celiac serology, one patient with CD would be
diagnosed, meaning an additional cost of £35000 (in
[10]
prices of 2011) . No guidelines exist in the literature
regarding screening for CD among those with IDA in
the United States.
On the other hand, ACG clinical guidelines for the

WJG|www.wjgnet.com

[12,13]

We constructed a state transition Markov model
to evaluate whether there is an added benefit in terms
of QALYs and ICER, as well as whether it is more costeffective to perform routinely SBBs in patients with
IDA. QALY is the most common outcome unit used in
cost-effectiveness analysis and it incorporates both
the quality of life and life expectancy, while ICER
is a statistic used in cost-effectiveness analysis to
summarize the cost-effectiveness of a health care
intervention. We compared two strategies: routine
SBBs in all patients, referred to EGD due to IDA
(strategy A); or screening all patients with IDA for
CD serology and SBBs only in those patients with
positive serology (strategy B). Three possibilities were
analyzed: IDA patients without CD; IDA patients who
have CD but were misdiagnosed due to negative
serological test, and IDA patients correctly diagnosed
with CD. Patients were placed into one of the following
health states in each cycle of the model; (1) No CD;
(2) CD but undiagnosed (i.e., considered healthy); (3)
potential CD, defined as positive serology for CD but
without villous atrophy (normal mucosa, Marsh 1 or
[14]
2) ; (4) CD under normal diet; (5) CD under strict
gluten free diet (GFD); and (6) Death.
We assumed that the gold standard for the
diagnosis of CD is SBBs, therefore in patients who
have normal SBBs, CD can be ruled out.

Prevalence of CD in patients with IDA

IDA presents in 80%-90% of patients with CD and has
been described as the sole presentation of the disease
[15,16]
even in the absence of gastrointestinal symptoms
.
The prevalence of CD among IDA patients varies
[17-19]
between 1.3%-14.6% in different countries
. We
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estimated a prevalence of 5% of CD in IDA with a
range of 5%-10%.

a normal diet is estimated to be 0.9 (range of 0.6-0.9),
and that the transition probability from strict diet to
normal diet is estimated to be 0.2 (range 0.2-0.6).

Assumptions regarding diagnostic tests

Transition probability from potential CD to mucosal
flattening

In a systematic review of 42 studies published by
[20]
Lewis et al
the pooled sensitivity and specificity of
IgA tTG antibody test was 92.8% (95%CI: 91.9-93.6),
and 98.1% (95%CI: 97.8-98.4) respectively.
According to the National Institute of Clinical Excellence
(NICE), using biopsy results as a reference (Marsh
3 only as positive diagnosis of CD), tTG antibody
test had a sensitivity of 87.5% (95%CI: 66.5-96.7),
[21]
and specificity of 89.5% (95%CI: 87.0-91.6) . tTG
antibody test has been recommended to be the first
step in screening for CD, as it is less costly than IgA
anti endomysial antibodies, and has similar diagnostic
[22,23]
value for the diagnosis and/or exclusion of CD
. In
patients with IgA deficiency, serology based on IgG
(IgG deamidated gliadin peptide) should be taken.
For the sensitivity analysis, we selected these
base-case values according to those reported by
[22]
Lewis et al
(sensitivity value of 93% with a range
of 89%-96%, and specificity of 99% with a range of
89%-99%).

[33]

Biagi et al
published the cumulative probability
of mucosal flattening in patients with potential CD
over a period of 24 mo. In order to extrapolate the
transition probability for a longer time we assumed
that cumulative incidence of mucosal flattening
follows Weibull distribution. The parameters of the
Weibull distribution were estimated using Nelder-Mead
Algorithm to optimize the model parameters. For the
Weibull distribution, the transition probability is given
by: 1-StSt-u = 1 - exp[λt - uγexp(λtγ)]. Where u is the
cycle time, λ is the scale parameter and γ is the shape
parameter of the Weibull distribution.

Assumptions regarding utilities

Many CD patients suffer from persistent clinical
symptoms and reduced health-related quality of life
[34-36]
despite a strict GFD
. A Swedish study documented
that patients with CD who had been under a GFD
for 10 years, with variable adherence rate, had a
calculated utility of 0.717 compared with an average
[37]
of 0.726 for the general population . We used in our
sensitivity analysis, a utility value of 0.92 (range of
0.90-1) for newly diagnosed CD patients, and value of
0.99 (range 0.95-1) for CD patients after GFD. Since
the aim of identifying CD in patients with IDA is to
improve quality of life, we projected gains in QALYs
and costs for the remainder of patients’ lives. This was
accomplished by calculating remaining life expectancy
as a function of age from the United States Life
[37]
Tables .

Assumption regarding the hazard ratio for mortality

During 45 years of follow-up, all-cause mortality was
greater in persons with undiagnosed CD compared to
those who were sero-negative for CD, with a HR of
[24]
[25]
3.9 (95%CI: 2.0-7.5), P < 0.01 . Cottone et al
reported a 3.8 standardized mortality ratio (SMR)
rate in patients with CD compared to the general
population and this increased risk seemed to be due to
[26]
non-Hodgkin's lymphoma. Corrao et al
documented
increased SMRs of 2.5 (1.3-4.6) among patients with
a diagnostic delay of 120 mo or more; of 2.9 (1.8-4.3)
among patients with severe CD; and of 5.2 (3.4-7.8)
[26]
among patients with poor adherence to a GFD .
West and others found that the overall HR for mortality
in CD was 2.09 in the first year after diagnosis and
[27]
declined to 1.1 after the first year of diagnosis .
[28]
Meta-analysis done by Tio et al
showed an increase
risk for all-cause mortality in CD patients with an OR
of 1.24 (95%CI: 1.19-1.3). On the contrary, other
studies reported no excess in overall mortality in
patients with undetected CD compared to the general
[29,30]
population
. We used an HR of 1.39 in the base
case with a range of 1.33-1.45.

Costs

We calculated costs of serology (tTG Antibody test
only), EGD, SBBs and the cost of evaluating symptoms.
The average payments for each coded procedure were
based on the 2013 Medicare Fee Schedule (http://
gi.org/wp-content/uploads/2013/02/2013ACGPayment
Grid.pdf) (Table 1). According to expert’s opinion we
assumed that about 50% (range of 30%-80%) of the
patients with a missed diagnosis of CD, will need a
repeat investigation. We considered the cost of such an
investigation to be $150. The calculations neglected the
cost of EGD complications, as the risk of perforation,
duodenal hematoma or death is very rare.

Adherence rate to a gluten free diet

There are different definitions regarding adherence
to gluten free diet (GFD), all intrinsically linked to
the manner in which adherence was assessed and
measured. The rate of a GFD in CD patients for over
a period of 10 years was reported to be between
50%-80% while the rate of strict adherence to GFD
[31,32]
ranges between 42%-91%
. We assumed that the
annual transition probability from adherence to GFD to

WJG|www.wjgnet.com

Assumption regarding the percentage of undiagnosed
CD who will undergo further investigation after one year

According to expert’s opinion, we assume that 50%
of all patients with a missed diagnosis of CD (biopsies
were not performed during the first EGD) will need
further investigation within the next coming year.
In the sensitivity analysis we used a value of 50%,
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and ranges used in sensitivity analysis in our model.

Table 1 Variables costs
Variable
Time horizon
Age of patient, yr
Cost of Biopsy (including
complication)
Cost of tTG Ab's test
Cost of evaluating symptoms
Cost of upper endoscopy
Increasing rate of cost of patient with
undiagnosed CD

Base

Low

High

Life-time
45
60

70
40
60

100
60
80

70
150
350
1.25

60
100
300
1

80
300
400
1.4

RESULTS
QALYs outcome

The strategy to obtain SBBs regardless the serological
results (strategy A) yielded 19.888 QALY, and
dominated the strategy of conducting SBBs only in
patients with a positive serological test (strategy B),
which had 19.887 QALY. Figure 1A is a Tornado plot
showing the different parameters that had an impact on
the incremental QALY. The most influential parameters
on the QALY outcome were the prevalence of CD in
IDA patients, the utility of CD and the probability of
identifying CD due to symptoms. As demonstrated
in the one-way sensitivity analysis figures of these
parameters (Figure 1B-D, respectively), the dominance
of the strategy of performing SBBs in all IDA patients
was robust.

All costs are in 2013 (USD).

Table 2 Base-case values and ranges used in sensitivity
analysis in our model
Variable

Base

Transition probability
0.90
continuing strict diet given
the patient was on strict
diet1
Transition probability to
0.20
normal diet from strict diet
Transition probability
0.30
continuing normal diet
given the patient was on
normal diet
Probability finding celiac
0.20
due to symptoms
Prevalence of celiac in IDA
0.05
patient
Discount rate of costs
0.03
Specificity of serologic tests
0.99
Sensitivity of serologic tests
0.93
Utility of CD
0.92
Utility of GFD
0.99
Rate of Overt CD
0.80
of Weibull distribution
0.2686
of Weibull distribution
1.1668
HR mortality of CD patients 1.39
vs general population

Low

High

Ref.

0.60

0.90

[37,38]

Cost outcome
0.20

0.60

Assumption

0.20

0.60

Assumption

0.10

0.40

Assumption

0.05

0.10

[18,20-23]

0.00
0.89
0.89
0.90
0.95
0.75
0.26
1.15
1.33

0.05
0.99
0.96
1.00
1.00
0.90
0.29
1.18
1.45

Assumption
[24-26]
[24-26]
[40-43]
Assumption
Assumption
Assumption
Assumption
[29-34]

The average cost of strategy A was $218.10 vs $234.17
for strategy B. These results are explained by the lower
cost of performing serological tests only in patients
with positive CD biopsies compared to performing
them in the whole study population. As shown in
Figure 2A, the costs of serological tests, biopsies and
patients’ symptoms evaluation had the greatest impact
on the incremental average cost.
We next tested the two-way sensitivity analysis
with the costs of serological tests and SBBs. As shown
in Figure 2B, as long as the cost of SBBs is less than
$67, strategy A dominates strategy B. These results
are independent of the costs of serological test within
the range of $60-$80. However, when the cost of SBBs
is greater than $67, the dominant strategy depends on
both the cost of SBBs and the cost of the serological
tests.

ICER

1

Annual transitions probabilities. IDA: Iron deficiency anemia; CD: Celiac
disease; GFD: Gluten free diet; HR: Hazard ratio.

Analyzing the ICER for both strategies, we found that
strategy A was more cost effective than strategy B.
Figure 3A demonstrates the parameters that affected
the ICER analysis. As shown in Figure 3B, for a cost
of biopsy less than $77, the universal SBBs strategy
dominated (i.e., costs less with higher QALY). However,
when the cost of biopsy was greater than $77, the
ICER increased up to almost $3000 per QALY and
the strategy of conducting SBBs only in patients with
positive serology dominated.
The results of the Monte Carlo simulation (Figure
4A) of 100 sampling trials with 10000 patients in each
trial, demonstrate that strategy A yielded the same
QALY with lower costs than strategy B. Finally, in order
to verify our results, we performed an acceptability
curve (Figure 4B). This figure demonstrates that as the
willingness to pay for each QALY increases, the validity
of our cost effectiveness study increases as well. For

ranging from 30% to 80%.

Sensitivity analyses

We performed one-way sensitivity analyses on all
variables (transition probabilities, costs, and utilities) in
the model, and two-way sensitivity analysis on selected
variables. One-way sensitivity analyses were performed
in order to identify variables that had an impact on
the decision of which strategy is the dominant one. In
addition, we conducted a Monte Carlo simulation of 100
sampling trials with 10000 patients. Each variable was
tested separately to determine whether varying the
particular variable over a broad range alters the ICER.
In the base line analysis, we assumed a willingness-topay (WTP) threshold of $50000 per QALY as being cost[38]
effective . Table 2 summarizes the base-case values
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A

Tornado analysis incremental QALY gained

Pr finding celiac due to symptoms (0.1-0.4)
Prevalence of coeliac (0.03-0.1)
Utility of CD (0.9-1.0)
Utility of GFD (0.95-1.0)
Age (40-60)
Pr of strict diet given strict diet (0.6-0.9)
Pr of normal diet (0.2-0.6)
Pr of normal diet given normal diet (0.2-0.6)
Pr of overt (0.75-0.9)
Time Horizon (until age) (80-110)
Pr potential to overt (0.0-0.3)
0

B

0.5

1
1.5
QALY Gained

C

19.930
SBB only in positive serological test

19.925
19.920

SBB

19.892

19.910

QALY

QALY gained

SBB only in positive serological

19.894

19.915

19.905

19.890
19.888

19.900

19.886

19.895

19.884

19.890
19.885
0.03

D

2.5
-3
× 10

19.898
19.896

SBB

2

0.04

0.05

0.06
0.07
0.08
Prevalence of celiac

0.09

0.10

19.882
0.90

0.92

0.94
0.96
Utility of CD

0.98

1.00

19.9160
19.9155

QALY

19.9150
19.9145
19.9140

SBB only in positive serological test
SBB

19.9135
19.9130
0.10

0.15

0.20
0.25
0.30
0.35
Pr of finding celiac due to symptoms

0.40

0.45

Figure 1 Quality adjusted life-years outcome. A: Influential parameters on the incremental quality adjusted life-years (QALY); B: One-way sensitivity analysis figure
of the prevalence of celiac disease; C: One-way sensitivity analysis figure of the utility of celiac disease; D: One-way sensitivity analysis figure of the probability of
diagnosing celiac disease due to symptoms. CD: Celiac disease; GFD: Gluten free diet; SBB: Small bowel biopsy.
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A

Tornado analysis incremental cost

Specificity (0.89-0.99)
Cost of hTTG test (60-80)
Cost of biopsy (including complication) (60-80)
Cost of evaluating symptoms (100-350)
Prevalence of celiac (0.03-0.1)
Sensitivity (0.89-0.96)
Factor of cost of symptoms (1.0-1.4)
Pr of overt (0.75-0.9)
Age (40-60)
-70

B

-60

-50

-40 -30 -20
Incremental cost

-10

0

10

Sensitivity analysis on c_Bx and c_hTTG
(Net benefit, WTP = 0.0)

80

SBB only in positive serological test

78

SBB

Cost of hTTG test (c_hTTG)

76
74
72
70
68
66
64
62
60
60

62

64

66

68

70

72

74

76

78

80

Cost of biopsy (including complication) (c_Bx)

Figure 2 Cost outcome. A: Influential parameters on the incremental cost; B: Two-way sensitivity analysis depicting the less costly strategy, in regards to serological
tests and small bowel biopsies prices.

example, if the willingness to pay for 1 QALY is $10000
the probability of the validity of our results would be
approximately 98%.

of CD in this population was reported to increase the
[3,15]
diagnostic yield by 5%-14%
. There are several
known macroscopic endoscopic markers for CD
[39]
including: scalloping, mosaicism, fissuring and others .
As normal endoscopic looking mucosa does not exclude
the diagnosis of CD, there are several new technology
development of endoscopic tools and procedures
proved to increase the yield of the diagnosis. These
tools include: narrow band imaging, optical coherence
tomography, water immersion technique, i-scan
[39-43]
technology and confocal laser endomicroscopy
.
However according to the published clinical guidelines of
[11]
CD
SBB is still required for the diagnosis. Moreover,
endoscopic lesions that may explain IDA should not
[2]
preclude obtaining SBBs .
Recent studies have indicated that patients with
untreated CD have significant morbidity and even
[44]
severe complications . These patients have a de
creased quality of life, as the stigma of chronic disorder

DISCUSSION
The results of our model provide additional data that
performing duodenal biopsies in patients with IDA,
regardless of their celiac serology status or even in
patients with IDA and negative serology, is a cost
effective strategy with improved QALY. This strategy
substantially dominated the strategy of performing
SBBs only in patients with positive celiac serology.
We applied our model to patients aged ≥ 45 years,
but routine duodenal biopsy for a diagnosis of CD was
found to increase diagnostic yield even in patients over
65 years of age. (1) The role of performing routine
endoscopic duodenal biopsies during the evaluation
of IDA is increasingly emphasized, as the prevalence
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Tornado analysis ICER
Utility of CD (0.9-1.0)
Pr finding celiac due to symptoms (0.1-0.4)
Cost of hTTG test (60-80)

Cost of biopsy (including complication) (60-80)
Prevalence of celiac (0.03-0.1)
Utility of GFD (0.95-1.0)
Age (40-60)
Cost of evaluating symptoms (100-350)
Pr of strict diet given strict diet (0.6-0.9)
HR of mortality (1.33-1.45)
Pr of normal diet given normal diet (0.2-0.6)
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Figure 3 Incremental cost-effectiveness ratio outcome. A: Parameters that affected the incremental cost-effectiveness ratio (ICER) analysis; B: ICER of both
strategies in regard to the cost of small bowel biopsies. CD: Celiac disease; GFD: Gluten free diet.

and the need for major dietary restrictions, increase
[45]
the self-perceived burden of their illness . As a
result, in some studies, even well treated CD patients
have failed to attain well-being compare to that of the
[46,47]
general population
. The mean pre-treatment QALY
score for the CD population in the literature was 0.66
and increased to 0.86 after initiating a GFD. A lower
QALY score was associated with a delay over 2 years
[48]
since the appearance of symptoms to diagnosis .
In our study QALY had a major impact on the final
conclusion to perform SBBs in all IDA patients.
We also demonstrated that strategy A had a better
ICER (less total costs with more QALY) suggesting
that conducting SBBs as a first step in all IDA
patients followed by tTG serology in patients with ≥
[11]
Marsh 3a , would be a more cost effective strategy.
However, not all CD patients have positive serology
and lesser degree of villous atrophy is more frequently
[49]
seen in sero-negative patients . As such, there is a
difficulty to identify this group of patients unless the
physician maintains a high degree of clinical suspicion.
Therefore, strategy B, of performing SBBs only in
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patients with positive serology may lead to under[50,51]
diagnosis of CD
.
Finally, we also measured life expectancy (LE)
without a discount rate, for the two strategies (data
not shown). We found that for a 45 old patient with
IDA, strategy A had a longer LE compared to strategy B,
78.04843 years vs 78.04770 years respectively. The
prevalence of CD in IDA patients was found to be the
parameter with the greatest impact on LE.
Our study has several limitations: we compared
conducting SBBs unrelated to serological results
assuming that the patients did not have a serological
test, which reduced the total cost. However, in real
practice, most patients would have had a serologic
test done before facing the question whether or not to
conduct an EGD with SBBs. Consequently testing the
same outcomes, we applied our model, to a strategy
of conducting SBBs in patients with IDA and negative
[10]
serology. As Goddard et al
estimated, if the pretest
probability of CD in patients presenting only with IDA
is 5%, the post-test probability of CD is 0.3%. This
means there is a need of duodenal biopsies from
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Figure 4 Validation. A: Monte Carlo simulation of 100 sample trials with 10000 patients in each trial; B: Acceptability curve that validate the cost effectiveness results
of the study in relation to the willingness to pay for each quality adjusted life year (QALY). SBB: Small bowel biopsie.

about 330 tTG antibody-negative patients to detect
one extra patient with CD at an estimated additional
cost of £35000 (about $50000). If the cost of SBBs
is $60, the additional cost would be $19800. Under
the assumptions of our model, the average cost of
"No SBBs" strategy was $83.1 compared to $141.1
in the "SBBs" strategy (additional of $57.98). The
average QALY in the "No SBBs" strategy was 19.4399
vs 19.4412 QALY in the "SBBs" strategy. The ICER
was $45393 per QALY, which is still considered cost[38]
effective (< $50000) . However, when the cost of
SBBs is higher than $60 the ICER increases and yield a
non-cost-effective ICER. Since the cost of SBBs in our
model was lower compared to the analysis performed
[10]
by Goddard et al
we challenged our model by
calculating SBBs with a higher cost, ranging between
$50 to $120 (Figure 5A). Under these costs the ICER
ranges between $37000 to $95000 per QALY. Our
results revealed that as long as the utility of CD is less
than 0.92, the ICER would still be under $50000 for 1
QALY (Figure 5B).
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Our model was mainly prevalence dependent,
and was not dependent solely on the sensitivity and
specificity values of tTG antibodies. Therefore, we ran
the model twice: first we used the values of sensitivity
and specificity reported by the NICE 2012: 87%
(95%CI: 65.3-96.6), and 96.9% (95%CI: 95.3-98.0)
respectively. In the second run, we used the values
used by the British Society of Gastroenterology
[10]
guidelines for the management of IDA . Analyzing
both the Tornado plot and the sensitivity analysis in
both cases showed stable results and proved that
performing SBBs in IDA patients, regardless the tTG
serology results, was still the dominant strategy. This
model may miss potential CD patients, who will not
be further evaluated for CD serology, due to normal
histological findings. In these cases we presume that
if IDA will be refractory and persistent serology for CD
will ultimately be checked.
In conclusion our model suggests that, EGD
with SBBs appears to be a cost-effective approach

7820

September 14, 2016|Volume 22|Issue 34|

Broide E et al . Duodenal biopsies in iron deficiency anemia

A

Tornado analysis incremental ICER

Utility of CD (0.9-1.0)
Cost of biopsy (including complication) (50-120)
Utility of GFD (0.95-1.0)
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Pr of strict diet given strict diet (0.6-0.9)
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Figure 5 Incremental cost-effectiveness ratio outcome in patients with negative celiac serology. A: Parameters that affected the incremental cost-effectiveness
ratio (ICER) analysis; B: A one way sensitivity analysis of ICER in regards to the cost of small bowel biopsies. CD: Celiac disease; GFD: Gluten free diet.
ratio (ICER).

with improved QALYs in patients with IDA when the
prevalence of CD is 5% or greater. SBBs should be a
routine screening tool for CD among patients with IDA,
regardless of their celiac antibody status.

Innovations and breakthroughs

This model shows that routine SBBs, regardless of serology status, yielded
higher QALY, lower cost and higher ICER than performing SBBs only in patients
with positive serology. These results were valid as long as cost of SBBs stayed
less than $67. In addition, the ICER of strategy A was preferable, providing the
cost of biopsy stays under $77.
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Iron deficiency anemia (IDA) is a common presentation of celiac disease (CD)
found in as many as 50% of the patients at the time of diagnosis. However,
the need for routine duodenal biopsies in IDA patients, independent of their
celiac serology results, is still debated. The latest clinical guidelines for the
diagnosis and management of CD published in 2013 recommend routine SBBs
during upper endoscopy in when the probability for CD is 5% or more. As the
prevalence of CD among patients with IDA is about 5%, duodenal biopsies and
serology for tTG antibodies are therefore recommended.

Applications

Upper endoscopy with routine SBBs is a cost-effective approach with improved
QALYs in patients with IDA when the prevalence of CD is 5% or greater. SBBs
should be a routine screening tool for CD among patients with IDA, regardless
of their celiac antibody status.

Terminology

QALY - The most common outcome unit used in cost-effectiveness analysis is
QALY, which incorporates both the quality of life and life expectancy. The quality
of each health state is measured on a scale of 0 to 1 and is based on patient’s
preferences over the health states. ICER - The incremental cost-effectiveness
ratio is a statistic used in cost-effectiveness analysis to summarise the costeffectiveness of a health care intervention, defined by the difference in cost
between two possible interventions, divided by the difference in their effect.
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According to recent studies, quality of life of celiac patients is inferior compared
to healthy population. About 5% of IDA patients are diagnosed with CD.
No studies were done to estimate the cost effectiveness of routine SBBs,
regardless celiac serology status, in IDA patients in order to diagnose CD
patients earlier and by that reduce morbidity and mortality. This is the first study
which explore the cost effectiveness of performing routine SBBs to diagnose
celiac in IDA patients. The authors measured, using a Markov model, quality
adjusted life years (QALY), average cost and the incremental cost effectiveness
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AIM
To review Hepatitis C virus (HCV) prevalence and
genotypes distribution worldwide.
METHODS
We conducted a systematic study which represents one
of the most comprehensive effort to quantify global
HCV epidemiology, using the best available published
data between 2000 and 2015 from 138 countries
(about 90% of the global population), grouped in 20
geographical areas (with the exclusion of Oceania),
as defined by the Global Burden of Diseases project
(GBD). Countries for which we were unable to obtain
HCV genotype prevalence data were excluded from
calculations of regional proportions, although their
populations were included in the total population size
of each region when generating regional genotype
prevalence estimates.
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RESULTS
Total global HCV prevalence is estimated at 2.5%
(177.5 million of HCV infected adults), ranging from
2.9% in Africa and 1.3% in Americas, with a global
viraemic rate of 67% (118.9 million of HCV RNA
positive cases), varying from 64.4% in Asia to 74.8%
in Australasia. HCV genotype 1 is the most prevalent
worldwide (49.1%), followed by genotype 3 (17.9%),
4 (16.8%) and 2 (11.0%). Genotypes 5 and 6 are
responsible for the remaining < 5%. While genotypes
1 and 3 are common worldwide, the largest proportion
of genotypes 4 and 5 is in lower-income countries.
Although HCV genotypes 1 and 3 infections are the
most prevalent globally (67.0% if considered together),
other genotypes are found more commonly in lower-
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income countries where still account for a significant
proportion of HCV cases.

regional prevalence estimates, but always considering
[6,8-13]
a limited number of countries
. A more recent
analysis, instead, estimates a global HCV prevalence,
[2]
but provides only regional estimates . In all the cases,
studies focused only on the presence of HCV antibodies
generally overestimate the disease burden because
they include also patients healed spontaneously
or through treatments. So, although antibodies to
HCV (anti-HCV) are at present the most commonly
available marker of HCV infection, used both to
estimate its prevalence and to compare HCV infection
levels globally, the most important indicator of HCV
diffusion seems to be its classification into different
genetic variants. At present, in fact, the length of the
therapy and the opportunity to associate interferon
and/or ribavirin with the new direct-acting antiviral
(DAA) therapies still remain partially dependent
on HCV genotype. A detailed understanding of the
regional HCV genotype distribution might led to the
development of specific national treatment strategies.
Up to now, HCV is classified into seven recognized
[1-5,14-16]
genotypes
on the basis of sequence of the viral
[17]
genome , each differing at 30%-35% of nucleotide
sites and into 67 confirmed and 20 provisional sub
[18]
types, differing at < 15% of nucleotide sites .
There are several methods used to determine HCV
genotypes, all using the direct sequencing of specific
polymerase chain reaction (PCR)-amplified portions
[18-21]
of the virus (NS5, core, E1 and 5’ UTR regions)
,
[17]
often in combination with the phylogenetic analysis .
Apart from the restriction fragment length polymor
phisms, in which restriction enzymes are able to
recognize genotype-specific cleavage sites in a PCR[22]
amplified DNA fragments
but whose sensitivity and
[23]
specificity seems to need further investigations
and
[24,25]
Kinetic amplification
, whose reproducibility will
need surely more investigations in the future, the most
common method for its simple interpretation is surely
[14-16]
line probe assays (LiPA)
, in which PCR amplified
fragments are able to hybridize to genotype-specific
probes immobilized on nitrocellulose strips.
Genotype-specific antibodies able to recognize
[20]
the NS4 region of HCV have also been exploited ,
even if this type of serological genotyping still lacks
specificity and sensitivity with huge limits of its clinical
applications.
The geographic distribution of HCV genotypes is
rather complex. The so called “epidemic subtypes” specifically 1a, 1b, 2a, and 3a - are widely distributed
worldwide and account for a great proportion of
the totality of HCV cases, especially in high income
countries. They were probably spread in the 70’s and
80’s, before HCV sequencing, through transfusion,
[26-29]
blood products and drug abusers
.
The so called “endemic” strains, instead, are
comparatively more rare and have been restricted for
long time in specific regions, as West Africa, Southern
[26,30,31]
Asia, Central Africa and South Eastern Asia
.
At present, only one genotype 7 infection has been

CONCLUSION
A more precise knowledge of HCV genotype distribution
will be helpful to best inform national healthcare
models to improve access to new treatments.
Key words: Hepatitis C virus genotype; Epidemiology;
Hepatitis C virus; Hepatitis C virus prevalence; Hepatitis
C virus infections; viraemia
© The Author(s) 2016. Published by Baishideng Publishing
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Core tip: Hepatitis C virus (HCV) infection is a global
public health burden, causing an increasing level of
liver-related morbidity and mortality due to the disease
progression. Unfortunately, in many countries, there is
a lack of robust epidemiological data, especially HCV
genotypes distribution, upon which to base countryspecific prevention, diagnosis and treatment strategies
in order to reduce the disease burden represented
by HCV. Stratification by viral genotypes at national
and regional level, and a better understanding of viral
diversity within target populations, might also critically
inform the rational design and testing of future HCV
vaccines.
Petruzziello A, Marigliano S, Loquercio G, Cozzolino A,
Cacciapuoti C. Global epidemiology of hepatitis C virus
infection: An up-date of the distribution and circulation of
hepatitis C virus genotypes. World J Gastroenterol 2016;
22(34): 7824-7840 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i34/7824.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i34.7824

INTRODUCTION
Hepatitis C virus (HCV) is one of the major globally
[1]
cause of death and morbidity and recent estimates
showed an increase in its seroprevalence over the
last decade to 2.8%, corresponding to > 185 million
[2]
infections worldwide .
Chronic HCV infection is often associated with the
development of liver cirrhosis, hepatocellular cancer,
[3]
liver failure, and death especially in HIV-positive
[4]
patients during active antiretroviral therapy . It
has been estimated that while the incidence of HCV
infection seems to decrease in the developed world,
mortality secondary related to HCV infection will
[5]
continue to increase over the next 20 years . So,
although many data suggest that HCV infection could
be eliminated in the next 15-20 years with focused
[6,7]
therapeutic strategies , a good understanding of HCV
infections should be required to develop strategies to
prevent new infections.
Previous and more recent studies have reported
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reported from a Central African immigrant in Canada .
The present global distribution of HCV genotypes
has undoubtedly been influenced by historical events
(for example the trans-Atlantic slave trade) or by the
[33]
contemporary human migration trends .
Since the duration and the cost of clinical treat
ments useful to fight HCV infection are still mostly
impacted by the different clinical evolution that each
HCV subtype seems to have, especially until pangenotypic therapies will not able to reach the global
market, a correct knowledge of the HCV distribution is
surely crucial to contain this global burden disease. At
the present, however, more than half of the countries
in the world do not have robust studies of the HCV
infected population.
The purpose of this study was to conduct a
comprehensive review of recently published literature
to estimate anti-HCV prevalence, the viraemic rate
(HCV-RNA positive) and genotype distribution to
generate a global estimate of HCV disease burden.

The infected general population was composed of
high-risk groups [e.g., people who inject drugs (PWID’s),
dialysis patients, haemophiliacs, minority ethnic groups,
etc.] as well as non-high-risk groups that contracted
the disease through contact with infected blood (e.g.
nosocomial infections, dental procedures, etc.). Studies
with a sample size of less than 1000 and studies
published prior to 2000 or not in English were excluded
from the analysis.
five hundred and fifty-seven articles were selected
based on relevance. In addition, non-indexed sources
were identified through searches of individual country’s
Ministry of Health’s websites and international health
agency reports. If articles contained the same patient
cohort then this cohort was only counted once.
Because the first- and second generation immuno
assay tests may provide false-positive results, which
can overestimate the total infected population, care
was taken to use only studies that used the latest
generation tests to estimate the country’s prevalence.
In the majority of studies HCV cases were classified
by LiPA Method at the genotype level, but not at the
subtype level, so we decided to use only genotype
classification using as general method that proposed by
[17]
Simmonds et al . In case of one or more genotypes
identified in the same patient, we classified it as “mixed”.
We did not include genotype 7 in the analysis.
Countries for which we were unable to obtain
HCV genotype prevalence data were excluded from
calculations of regional proportions, although their
populations were included in the total population size
of each region when generating regional genotype
prevalence estimates.

MATERIALS AND METHODS
A comprehensive review of the literature from 2000
to 2015 was used to gather country-specific data
on prevalence, number of diagnosed individuals and
genotype distribution. References were identified
through two sources: indexed journals and nonindexed sources. Indexed articles were found by
searching PubMed and regional databases using the
following terms: ‘‘[Country Name] and [hepatitis c or
HCV] and [prevalence]’’ or “[genotypes] or [viraemia]’’.
Furthermore, references cited within the articles were
used.
Regions included in the analysis were those defined
by the Global Burden of Diseases, Injuries, and Risk
[34,35]
Factors 2010 (GBD) study
. This study defined 21
regions that were ‘‘epidemiologically homogenous as
possible so that information from detailed studies in
one country can plausibly be extrapolated to other
countries in the region to create burden estimates that
are useful to individual countries in planning for health
[36]
sector activities” .
The average HCV prevalence for each continent was
calculated by dividing the sum of data reported from
each region to the total number of countries within
the region. The first- and second generation immuno
assay tests which usually provide false-positive results
[37,38]
overestimating the total infected population
were
not used to estimate the country’s HCV prevalence,
selecting only studies in which it was used a third
generation test. Similarly, the genotyping and the
viraemic rate was obtained only by considering studies
in which LiPA test and a well described PCR RT system
(range of sensitivity and linearity) was used.
Article titles and abstracts were reviewed for
relevance and the following data were extracted from
full articles or abstracts: anti-HCV prevalence, viraemic
prevalence, viraemic rate and genotypes distribution.
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RESULTS
Africa

The GBD subdivides the African continent into 4 macro
areas: Central, East, West and Southern, whereas the
Saharan area (North Africa) is generally associated
with Middle East countries.
The estimated prevalence of anti-HCV in the whole
Sub- Saharan Africa is 2.9% with an estimated 26.9
million of cases (Table 1), ranging from 6.0% in the
Central area and 0.9% in the Southern countries (Table
2).
The viraemic rate is estimated at 70.5%, with a peak
of 79.6% in the Western Africa (Table 2), accounting
almost 20.0 millions of active HCV replication cases
(Table 1).
The most representative genotype is the genotype
4 (G4) (28.1%), followed by genotypes 1 (G1) (26.3%),
genotype 2 (G2) (23.7%), genotype 5 (G5) (12.2%),
and genotype 3 (G3) (6.3%). No cases of genotype 6
(G6) and only a small percentage of mixed genotypes
were reported (Table 3). The genotype distribution
shows high variability among the four macro-areas
studied, ranging between 82.9% (Central Africa) and
0.6% (West Africa) for G4, 35.7% (Southern Africa)
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Table 1 Global anti-hepatitis C virus prevalence and number of infected individuals (all ages)
Continent

Anti- HCV prevalence (%)

Viraemic rate (%)

2013 population
(millions)

Anti- HCV infected
(millions)

Viraemic HCV infected
(millions)

2.9
2.7
1.3
2.8
1.8
1.8
2.5

70.5
68.8
74.0
64.4
74.8
72.4
67.0

927.0
469.0
953.7
3985.0
28.0
742.5
7105.2

26.9
12.7
12.4
111.6
0.5
13.4
177.5

19.0
8.7
9.2
71.9
0.4
9.7
118.9

Africa
North Africa/Middle East
America
Asia
Australasia
Europe
Total
HCV: Hepatitis C virus.

The predominant genotype is G4 (82.9%), followed
by G1 (12.3%), G2 (4.0%) and G3 (0.8%). No cases of
G5 and G6 were reported (Table 4). In some countries,
like DRC and Gabon, G4 is quite the only genotype
observed (96.8% and 91.9%, respectively), whereas
in others, as Equatorial Guinea, it has been detected an
increasing percentage of G1 (35.0%) (Figure 1B). No
genotypes distribution data are available from Burundi,
Cameroon, Chad, Congo, Rwanda, Sudan and Uganda

Table 2 Regional estimates of hepatitis C virus seroprevalence
and viraemia
Regions

Anti-HCV prevalence
(%)

Viraemic rate
(%)

6.0
2.4
0.9
2.4
2.7
1.2
1.5
1.2
1.4
1.5
1.6
5.8
2.8
1.1
2.5
1.6
1.8
1.3
3.1
0.9

68.5
65.0
69.0
79.6
68.8
75.7
70.0
70.0
75.8
79.5
80.2
48.7
63.6
70.5
78.5
60.5
74.8
76.6
69.6
71.0

Central Sub-Saharan Africa
EastSub-Saharan Africa
Southern Sub-Saharan Africa
WestSub-Saharan Africa
North Africa and Middle East
North America, High Income
Caribbean
Andean Latin America
Central Latin America
Southern Latin America
Tropical Latin America
Central Asia
East Asia
Pacific Asia, High-income
South Asia
Southeast Asia
Australasia
Europe, Central
Europe, Eastern
Europe, Western

East Sub-Saharan Africa: Analysis of this area
includes studies from Eritrea, Ethiopia, Kenya,
Madagascar, Mozambique, Somalia and Tanzania and
shows an average prevalence of HCV infection of 2.4%,
ranging between 0.9% and 3.2%, depending on the
country, and the lowest viraemic rate of the whole
African continent (65.0%) (Table 2). The countries
with the highest prevalence are Tanzania (3.2%) and
Mozambique (2.8%), those with the lowest Kenya
(0.9%) and Somalia (1.5%) (Figure 1A).
The predominant genotype in this area is G1
(36.2%), followed by G2 (26.8%), G4 (16.6%), G5
(13.0%) and G3 (7.4%). No cases of G6 are reported
(Table 4). Except for Ethiopia, where G4 represents
about the half of all the genotypes described and
Madagascar, where the only two genotypes found are
G1 (52.9%) and G4 (47.1%), in other countries all
the genotypes are equally present (Figure 1B). No
genotypes distribution data are available from Eritrea,
Kenya, Somalia and Tanzania.

HCV: Hepatitis C virus.

and 0% (West and Central Africa) for G5, 62.9% (West
Africa) and 1.2% (Southern Africa) for G2 and 7.4
(East Africa) and 0.8% (Central Africa) for G3. No high
variability was observed for G1 (36.2%, 31.4% and
25.5% in East, Southern and West Africa respectively),
except for Central Africa (12.3%) (Table 4).

Southern Sub-Saharan Africa: Data concerning
this macro area are reported from Malawi, South
Africa, Swaziland, Zambia and Zimbabwe and show
an average HCV prevalence of 0.9% and a viraemic
rate estimated at 69.0% (Table 2). The countries
with the highest prevalence are Zimbabwe (2.0%)
and Swaziland (1.5%), whereas South Africa and
Zambia show the lowest prevalence (0.1% and 0.2%,
respectively) (Figure 1A).
The more common genotype is the G5 (35.7%),
as reported from the only country where genotypes
prevalence has been studied (South Africa), followed
by G1 (31.4%), G3 (12.6%) and G4 (12.4%). No
cases of G6 were reported and only a small percentage

Central Sub-Saharan Africa: The countries studied
in this area are Burundi, Cameroon, Central African
Republic (CAR), Chad, Congo, Democratic Republic
of Congo (DRC), Equatorial Guinea, Gabon, Rwanda,
Sudan and Uganda.
The prevalence of HCV in the general population
is 6.0%, ranging between 1.7% and 13.8%, depen
ding on the country, with an average viraemic rate
estimated at 68.5% (Table 2).The countries with
the highest prevalence include Cameroon (13.8%),
Burundi (11.3%) and Gabon (9.2%). The countries
with the lowest prevalence Equatorial Guinea (1.7%),
CAR (2.4%) and Sudan (2.8%) (Figure 1A).
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Table 3 Global prevalence of hepatitis C virus genotypes
Continents
Africa
North Africa/Middle East
America
Asia
Australasia
Europe
Total (excludes Oceania)

G1 (%)

G2 (%)

G3 (%)

G4 (%)

G5 (%)

G6 (%)

Mixed

26.3
27.3
74.5
46.6
55.0
64.4
49.1

23.7
0.8
10.2
18.6
6.5
5.5
11.0

6.3
6.3
10.6
22.4
36.0
25.5
17.9

28.1
65.3
1.7
1.0
1.2
3.7
16.8

12.2
0.3
0.1
0.1
0.1
2.0

0.3
7.0
1.3
0.1
1.4

3.4
2.6
4.3
0.7
1.8

Table 4 Regional estimates of hepatitis C virus genotypes
Regions
Central Sub-Saharan Africa
East Sub-Saharan Africa
Southern Sub-Saharan Africa
West Sub-Saharan Africa
North Africa and Middle East
North America
Caribbean
Andean Latin America
Central Latin America
Southern Latin America
Tropical Latin America
Central Asia
East Asia
Pacific Asia, High-Income
South Asia
Southeast Asia
Australasia
Central Europe
Eastern Europe
Western Europe

G1 (%)

G2 (%)

G3 (%)

G4 (%)

G5 (%)

G6 (%)

Mixed

12.3
36.2
31.4
25.5
27.3
66.3
83.0
86.0
74.6
72.0
64.8
70.4
53.5
58.7
15.5
35.2
55.0
70.0
68.1
55.1

4.0
26.8
1.2
62.9
0.8
13.1
7.2
2.0
21.6
13.3
4.6
8.6
31.7
39.7
1.9
11.1
6.5
3.2
4.3
8.9

0.8
7.4
12.6
4.4
6.3
15.7
2.1
10.0
3.3
13.5
30.2
19.6
5.4
0.4
66.7
19.9
36.0
21.0
26.6
29.0

82.9
16.6
12.4
0.6
65.3
4.3
0.6
0.1
0.9
0.2
0.1
0.1
3.7
0.9
1.2
4.9
0.5
5.8

13.0
35.7
0.3
0.1
0.1
0.1
0.1
0.4
0.2

0.6
0.1
0.1
3.3
0.5
0.5
30.8
1.3
0.1
0.1

6.7
6.6
7.0
2.0
0.3
0.1
0.1
1.4
6.0
0.6
11.6
1.7
0.8
0.5
0.8

North africa/Middle east

of G2 is described (Figure 1B). No genotypes distri
bution data are available from Malawi, Swaziland,
Zambia and Zimbabwe.

This region includes Algeria, Egypt, Iran, Iraq, Israel,
Jordan, Kuwait, Lebanon, Libya, Morocco, Oman,
Palestine, Qatar, Saudi Arabia, Syria, Tunisia, Turkey,
United Arab Emirates and Yemen with an estimated
prevalence of HCV in the general population of 2.7%,
corresponding to an estimated 12.7 million of cases. The
HCV viraemic rate is estimated at 68.8%, accounting
over 8 millions of active HCV replication cases (Table
1). No adult HCV prevalence and/or viraemic data
are available from Jordan, Kuwait, Lebanon, Oman,
Palestine, Syria and United Arab Emirates. The countries
with the highest prevalence include, over Egypt (14.7%),
Iraq (3.2%) and Yemen (2.2%). The countries with the
lowest Qatar (0.9%) and Turkey (1.0%) (Figure 2A).
The predominant genotype is the genotype 4
(65.3%), followed by 1 (27.3%), 3 (6.3%). Only small
percentages of genotype 2 and 5 and no genotype 6
were reported (Table 3).
In this area genotypes distribution is highly
heterogenic. If genotype 4 accounts almost the totality
of genotyped cases from Egypt (93.1%) and over the
half of the total cases in Iraq, Kuwait, Palestine, Saudi
Arabia and Syria (52.9%, 54.2%, 64.1%, 60.0% and
59.0%), Turkey, Tunisia, Jordan and Morocco show a

West Sub-Saharan Africa: The countries studied
in this area are Benin, Burkina Faso, Cote d’Ivoire,
Gambia, Ghana, Guinea Bissau, Mauritania, Niger,
Nigeria, Senegal and Togo. The prevalence of HCV is
2.4%, ranging between 1.1% and 5.5%, depending
on the country, with the higher viraemic rate of all the
African continent (79.6%) (Table 2). The countries with
the highest prevalence include Guinea Bissau (5.5%)
and Burkina Faso (4.9%), those with the lowest
Mauritania (1.1%) and Benin (1.6%) (Figure 1A).
The predominant genotype is G2 (62.9%), followed
by G1 (25.5%) and G3 (4.4%) (Table 4). No cases of
G5 and G6 were reported and only a small percentage
of G4 was described from Burkina Faso. The genotype
distribution shows a great heterogeneity from country
to country. If G2 accounts nearly the totality of geno
typed cases from Guinea Bissau (98.2%) and Ghana
(87.0%), Nigeria shows a prevalent circulation of G1
(85.0%) (Figure 1B). No genotypes distribution data
are available from Benin, Cote d’Ivoire, Mauritania,
Niger, Senegal and Togo.
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Figure 1 Anti-hepatitis C virus prevalence (A) and genotype distribution (B) in Sub-Saharan Africa.

prevalent circulation of genotype 1 (91.8%, 84.0%,
77.3% and 75.9%, respectively). The majority of
cases of genotype 3 are described in Iran and United
Arab Emirates (27.5% and 23.8%), whereas in Libya
all the genotypes are equally distributed. No data of
genotypes distribution are available from Israel, Oman,
Qatar, and Yemen (Figure 2B).

Latin America) and 2.0% (Andean Latin America) for
G2, 15.7% (Northern America) and 2.1% (Caribbean)
for G3 (Table 4).
North America, High Income: The countries studied
in this area are Canada and United States, with an
average prevalence of HCV in the general population
of 1.2%, ranging between 1.1% in Canada and 1.3%
in the United States, and a viraemic rate estimated at
75.7% (Figure 3A).
The predominant genotype is G1 (66.3%), followed
by G3 (15.7%), G2 (13.1%) and G4 (4.3%). No cases
of G5 and only a small percentage of G6 has been
reported (Table 4). In both the two studied countries,
G1 represents over the half of all genotypes observed
(60.0% and 72.5%, respectively), whereas G3 is more
frequent in Canada (22.3%), if compared to the United
States (8.9%) (Figure 3B).

Americas

The GBD subdivides the American continent in three
macro areas: North America, Caribbean and Latin
America.
The estimated prevalence of HCV in the whole
continent is 1.3%, with more than 12 million of
estimated cases, while the viraemic rate is 74.0%,
accounting over 9 million of cases with active HCV
replication (Table 1).
The most representative genotype is G1 (74.5%),
followed by G3 (10.6%), G2 (10.2%) and G4 (1.7%).
Only small percentages of G5, G6 and not well
classified are reported (Table 3). Genotype distribution
shows high variability among the three macro-areas
studied, ranging between 83.0% of the Caribbean area
and 66.3% in Northern America for G1, 21.6% (Central

WJG|www.wjgnet.com

Caribbean: In this area, studies responding to the
selected parameters are available only from Cuba,
Dominican Republic and Puerto Rico.
The prevalence of HCV is 1.5%, ranging between
0.8% in Cuba and 2.3% in Puerto Rico (Figure 3A),
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Figure 2 Anti-hepatitis C virus prevalence (A) and genotype distribution (B) in North Africa/Middle Eastern Area.

with a viraemic rate estimated at 70.0% (Table 2).
No adult HCV prevalence and/or viraemic data are
available from Cuba and Dominican Republic.
The predominant genotype in this area is G1
(83.0%), followed by G2 (7.2%), G3 (2.1%). No
cases of G5 and only a small percentage of G4 and
G6 are reported (Table 4). In all the studied countries
(Cuba, Dominican Republic and Puerto Rico), G1 is
almost the only observed (98.0%, 62.6% and 82.1%,
respectively) (Figure 3B).

The predominant genotype is G1 (74.3%), followed
by G3 (14.2%), G2 (10.4%). Only a small percentage
of G4, G5, G6 and mixed genotypes are reported
(Table 4). In some of the countries studied (Peru,
Colombia and Chile) G1 is almost the only observed
(86.0%, 88.5% and 80.6%, respectively), whereas in
others (Venezuela, Mexico and Argentina) G2 shows a
significantly percentage (34.4%, 21.8% and 24.7%).
Brazil is the only one country where G3 has a high
percentage (30.2%). No genotypes distribution data
are available from Bolivia and Uruguay (Figure 3B).

Latin America: GBD sub divides Latin America in
four different areas: Andean, which includes Bolivia
and Peru, Central, formed by Colombia, Mexico and
Venezuela, Southern, represented by Argentina, Chile
and Uruguay and Tropical that includes only Brazil.
The HCV prevalence is 1.4%, ranging between 1.2%
in the Andean area and 1.6% in the Tropical zone, with
a viraemic rate of 76.4% (Table 2).
All the countries in the 4 macro areas show almost
the same HCV prevalence: Brazil (1.6%), Argentina
and Venezuela (1.5%), Mexico (1.4%) and Peru (1.2%)
(Figure 3A). No adult HCV prevalence and/or viraemic
data are available from Colombia and Chile.

WJG|www.wjgnet.com

Asia

GBD subdivides Asia in five macro areas: Pacific,
Central, East, South, and Southeast.
The estimated prevalence of HCV in the whole
Asian continent is 2.8%, accounting over 60% of the
estimated cases worldwide. The HCV viraemic rate
is 64.4%, with 71.9 million of active HCV replication
cases (Table 1).
The predominant genotype is the 1 (46.6%),
followed by G3 (22.4%), G2 (18.6%) and G6 (7.0%).
Only small percentages of G4, G5 and mixed or not
further classified genotypes are reported (Table 3).
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Figure 3 Anti-hepatitis C virus prevalence (A) and genotype distribution (B) in America.

Genotype distribution shows high variability among
the five macro-areas studied, ranging between 70.4%
(Central Asia) and 15.5% (Southeast Asia) for G1,
39.7% (Pacific area) and 1.9% (Southeast Asia) for
G2, 66.7% (Southeast Asia) and 0.4% (Pacific Asia)
for G3, 30.8% (Southeast Asia) and 0.5% (Pacific and
South Asia) for G6 and 3.7% (Southeast Asia) and
0.1% (Pacific and East Asia) for G4. Only few cases
of G5 are reported and all from South and Southeast
areas (Table 2).

Mongolia, Tajikistan, Turkmenistan, Uzbekistan.
The prevalence of HCV in the general population is
5.8% (Table 2), ranging between 11.3% in Uzbekistan
and 2.5% in Kyrgyzstan (Figure 4A), with a viraemic
rate estimated at 48.7%. No adult HCV prevalence
and/or viraemic data are available from Armenia.
The predominant genotype in this area is clearly
G1 (70.4%), followed by G3 (19.6%) and G2 (8.6%).
Only a small percentage of mixed genotypes were
found, whereas no G4, G5 and G6 cases are reported
(Table 4).
In Mongolia and Tajikistan, G1 is almost the only
genotype found (98.8% and 82.7%, respectively),
whereas in two of the five countries in which genotype
distribution was studied (Georgia and Uzbekistan) is
over the half of the totality of the genotypes identified
(62.0% and 67.1%). A considerable percentage of G3
was described in Armenia (37.0%), Georgia (27.0%)
and Uzbekistan (26.0%). No genotypes distribution
data are available from Azerbaijan, Kazakhstan,
Kyrgyzstan and Turkmenistan (Figure 4B).

Asia Pacific, High Income: Data coming from this
zone are available only from Japan and South Korea
and show a prevalence of HCV of 1.1%, ranging
between 1.5% in Japan and 0.8% in the South Korea,
with a viraemic rate estimated at 70.5% (Figure 4A).
The most common genotype is G1 (58.7%), fo
llowed by G2 (39.7%). Only small percentages of G3,
G4 and G6 and no cases of G5 are reported (Table 4).
In the only two countries studied G1 and G2 represent
over the 90% of the totality of the genotypes observed
(Figure 4B).

East Asia: The HCV prevalence in this macroarea,
including only China and Taiwan, is 2.8%, ranging
between 4.4% in Taiwan and 1.3% in China (Figure

Central Asia: The countries studied in this area are
Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan,
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Figure 4 Anti-hepatitis C virus prevalence (A) and genotype distribution (B) in Asia.

4A), with a viraemic rate estimated at 63.6% (Table 2).
The predominant genotypes in this area are G1
(53.5%) and G2 (31.7%). Only a small percentage of
G3 and G6 (5.4% and 3.3%, respectively) have been
found, whereas no G5 cases are reported (Table 4).
In the only two countries studied, G1 and G2
represent over the 80% of the totality of the genotypes
observed, although a significant portion of G3 is
described in China (9.1%) (Figure 4B).

No genotypes distribution data are available from
Afghanistan and Bangladesh (Figure 4B).
Southeast Asia: This area includes Cambodia,
Indonesia, Laos, Myanmar, Malaysia, Philippines, Sri
Lanka, Thailand and Viet Nam, where the prevalence
of anti-HCV in the general population is 1.6%, ranging
between 2.7% in Thailand and 0.8% in Indonesia
(Figure 4A), with a viraemic rate estimated at 60.5%
No adult HCV prevalence and/or viraemic data are
available from Laos, Sri Lanka and Viet Nam.
G1 and G6 account over the 60% of all the geno
types identified (35.2% and 30.8%, respectively),
followed by G3 (19.9%) and G2 (11.1%). Only a
small percentage of G4 and G5 has been found (Table
4). Except for Laos where G6 represents about the
totality of genotypes observed (95.6%) and Indonesia
and Philippines in which G1 accounts over the 60% of
the totality of cases reported, a high heterogeneity is
observed in all the other countries. In some countries

South Asia: The prevalence of anti-HCV in the general
population of this large area, including Afghanistan,
Bangladesh, India and Pakistan, is 2.5%, ranging
between 6.7% in Pakistan and 0.8% in India, with a
viraemic rate estimated at 78.5% (Figure 4A).
The most common genotype is G3 (66.7%), followed
by G1 (15.5%) and G4 (3.7%). Low percentage of G2,
G5 and G6 are reported (Table 4). In both the studied
countries (India and Pakistan) G3 counts over the half
of all the genotypes described (54.4% and 79.0%).
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Figure 5 Anti-hepatitis C virus prevalence (A) and genotype distribution (B) in Australasia.

(Cambodia, Myanmar and Viet Nam) G6 is predominant
(56.0%, 49.0% and 54.4%, respectively), whereas
in others (Sri Lanka, Philippines and Indonesia) G2
shows a significantly percentage (37.5%, 26.4% and
20.2%). Malaysia and Thailand are the countries where
G3 shows the highest percentages (58.6% and 44.2%)
(Figure 4B).

The predominant genotype is G1 (64.4%), followed
by G3 (25.5%), G2 (5.5%) and G4 (3.7%). Only
small percentages of G5, G6 and mixed or not further
classified genotypes are reported (Table 3).
Genotype distribution does not show high variability
among the three macro-areas studied, ranging between
70.0% (Central Europe), 68.1% (Eastern Europe)
and 55.1% (Western Europe) for genotype 1, 29.0%
(Western Europe), 26.6% (Eastern Europe) and 21.0%
(Central Europe) for genotype 3.
G2 seems to have a major prevalence in the Western
Europe (8.9%), if compared to Eastern (4.3%) or Central
(3.2%), whereas G4 is present especially in Central and
Western area (4.9% and 5.8%, respectively).
Only few cases of G5 and G6 are reported and
mainly from Western area (Table 4).

Australasia

Studies concerning this area has been found only from
Australia and New Zealand, with a prevalence of HCV
of 1.8%, ranging between 1.9% in New Zealand and
1.7% in Australia, accounting 0.5 millions of estimated
cases (Figure 5A). The viraemic rate is 74.8%, with 0.4
million of active HCV replication cases (Table 1).
The more common genotype is G1 (55.0%)
followed by G3 (36.0%) and G2 (6.6%). Only a small
percentage of G4 and G5 has been found. No G5 cases
are described (Table 3, Figure 5B).

Central Europe: This large area includes countries
like Albania, Bulgaria, Bosnia and Herzegovina, Czech
Republic, Croatia, Hungary, Macedonia, Montenegro,
Poland, Romania, Serbia, Slovakia and Slovenia, with a
prevalence of HCV infection of 1.3%, varying between
1.4% in Slovakia and 0.7% in Czech Republic (Figure
6A) and a viraemic rate estimated at 76.6% (Table
2). We have not found representative data concerning
the HCV prevalence and/or HCV viraemic rate from
published studies in Albania, Bosnia and Herzegovina,
Croatia, Macedonia, Montenegro, Serbia and Slovenia.

Europe

The GBD subdivides European countries into 3 main
areas: Central, Eastern and Western.
The estimated prevalence of HCV of the whole
continent is 1.8%, accounting over 13 million of estimated
cases. The average HCV viraemic rate is 72.4%, with
a population of almost 10 million of HCV RNA positive
patients (Table 1).
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Figure 6 Anti-hepatitis C virus prevalence (A) and genotype distribution (B) in Europe.

The predominant genotypes in this area is G1
(70.0%), followed by G3 (21.0%), G4 (4.9%) and G2
(3.2%). Only a small percentage of mixed genotypes
and G6 has been found, whereas no G5 cases are
reported (Table 4). In Romania, Hungary and Slovakia,
G1 is almost the only genotype found (98.0%, 94.1%
and 89.9%, respectively). A considerable percentage
of G3 was described in Macedonia (44.6%), Slovenia
(37.8%) and Croatia (35.6%), while a significant
prevalence of G2 was described only in Albania (20.0%)
and of G4 in Montenegro (19.6%) and Albania (16.0%).
No genotypes distribution data are available from
Bulgaria (Figure 6B).

(68.1%), followed by G3 (26.6%) and G2 (4.3%).
Only a small percentage of mixed genotypes and G4
(0.5%) are reported, whereas no G5 and G6 cases has
been described (Table 4).
Only in Latvia G1 is the dominant genetic variant
(89.2%). A considerable percentage of G3 was
described in Belarus (38.5%) and Russia (35.1%). No
genotypes distribution data are available from Moldova
and Ukraine (Figure 6B).
Western Europe: The countries studied in this area
are Austria, Belgium, Cyprus, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy,
Luxembourg, Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland and United Kingdom
The prevalence of HCV in the general population of
this area is 0.9%, ranging between 2.0% in Italy and
0.2% in Netherlands (Figure 6A), with a viraemic rate
estimated at 71.0% (Table 2).
The predominant genotypes is G1 (55.1%),
followed by G3 (29.0%), G2 (8.9%) and G4 (5.8%),
whereas only small percentages of G5, G6 and mixed

Eastern Europe: The prevalence of HCV infection
in this zone, including Belarus, Estonia, Lithuania,
Latvia, Moldova, Russia and Ukraine, is 3.1%, ranging
between 4.5% in Moldova and 1.3% in Belarus (Figure
6A), with a viraemic rate estimated at 69.6% (Table
2). No adult HCV prevalence and/or viraemic data are
available from Estonia.
The predominant genotypes in this area is G1
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genotypes are reported (Table 4). In Austria, Spain,
Germany and Italy G1 is over the sixty percent of
all the genotypes found. A considerable percentage
of G3 was described in some of the countries of the
Northern Europe, as Finland (46.0%), United Kingdom
(43.8%), Denmark (43.0%), whereas only Italy shows
a significant percentage of G2 (26.0%) (Figure 6B). No
genotypes distribution data are available from Cyprus
and Iceland.

studied account for almost the half of total viraemic
infections worldwide and China, Egypt, India, Nigeria,
Pakistan and Russia together for more than 70% of
them.
Our analysis shows that globally the prevalence
and number of HCV infected patients, if compared to a
[2]
similar study concerning the period 1990-2005 , has
decreased from 2.8% [95% uncertainty interval (UI):
2.6%-3.1%] to 2.5% (95%UI: 2.3%-2.7%) and from
185 to 177millions. It is interesting to note that the
most relevant decrease has been observed in the high
income zones, especially in Western Europe (-1.5%),
Southern Africa (-1.2%) and Australasia (-0.9%),
whereas a massive increase it’s reported in some of
the low income areas as Central Africa (+3.7%) and
[53]
Central Asia (+2.0%) .
By estimating the total number of HCV RNA
positive infections, our data show that the global
average viraemic rate is at 67% (118.9 million of
HCV RNA positive cases), varying from 48.7% in
Central Asia to 80.2% in Tropical Latin America (Table
2). It is interesting notice that some countries, as
Poland, where it has been reported a high anti-HCV
[54]
prevalence and an increasing viraemic rate , using a
confirmatory antibody test, the anti-HCV prevalence
[55]
is significantly lower (< 1%) , suggesting that some
historically high antibody prevalence estimates may be
influenced by the use of low sensitive screening HCV
tests.
Globally, G1 accounts for 49.1% of all anti-HCV
infections among adults making it the most common,
followed by G3 (17.9%), G4 (16.8%), G2 (11.0%), G5
(2.0%) and G6 (1.4%). Our data are quite different
[56]
from those reported by other global studies , not
only because we considered some countries before
excluded, but mostly because our data were summed
[43,57,58]
with other global or continental reports
.
Undefined or mixed genotypes accounts for 1.8% of
the total HCV infections (Table 1). However, significant
regional, country and local variations exists. Infections
in Caribbean, Latin America, North America and
Europe are predominately caused by G1 (83.0%,
74.3%, 66.3% and 64.4%, respectively). North
Africa and the Middle East has a large G4 population
(65.3%), probably attributable to the high prevalence
of G4 in Egypt (93.1%). If Egypt is excluded, in fact,
G4 accounts only for 32.3% of all infections and the
genotype distribution of this region is dominated by
G1 (48.3%). In Asia the two most common genotypes
are G1 (46.6%) and G3 (22.4%), the latter largely
driven by its high prevalence in South Asia (66.7%),
where in India and Pakistan G3 shows the highest
percentages of the whole continent (54.4% and
79.0%, respectively). In Australasia, G1 dominated
(55.0%), followed by G3 (25.5%). HCV genotypes by
sub regions are shown in Table 4.
Aside from countries entirely lacking genotype
information (Bulgaria, Cyprus, Moldova and Ukraine
in Europe, Afghanistan, Azerbaijan, Bangladesh,

DISCUSSION
Hepatitis C virus (HCV) infection is one of the main
[5,39-43]
global health burden
and its paradigm varies
regionally depending on its historical and present
risk factors. A country-specific policy of prevention,
diagnosis and treatment could reduce this disease
burden, but unfortunately, in many countries, there
is a lack of robust epidemiological data upon which to
[2,44-48]
base these strategies, being HCV infection rates
typically focused on quantifying only the anti-HCV preva
lence with no attention to HCV genotypes distribution.
This study represents one of the most compre
hensive effort to present in a systematic manner the
actual situation of the epidemiology of HCV infection,
using the best available published and unpublished
data between 2000 and 2015, giving a special care
not only on available data, but focusing the attention
especially on more relevant data. For example, studies
on HCV prevalence among blood donors, available
in many countries and surely attractive for the large
sample size, were excluded because this population,
corresponding to healthy screened adults, is not
representative of the total population. For the same
reason, even if opposite, numerous high risk popu
lations studies (e.g., PWIDs, haemodialysis patients,
cancer patients, etc.) were not considered too. Finally,
it is important to clear that all the studies published
prior to 2000 were also excluded considering the global
epidemiological changes that HCV infections has had in
[39,40,49-52]
the latest twenty years
.
Studying 138 countries worldwide (36 in Sub- Saharan
Africa, 16 in Americas, 26 in Asia, 2 in Australasia, 19
in North Africa/Middle East area and 39 in Europe),
total global HCV prevalence is estimated at 2.5%
(177 million of HCV infected adults). Central Asia and
Central Africa are estimated to have high prevalence
(> 3.5%); East, South and Southeast Asia, West and
East Africa, North Africa and Middle East, Southern
and Tropical Latin America, Caribbean, Australasia, and
Eastern Europe moderate prevalence (1.5%-3.5%);
whereas Southern Africa, North America, Andean and
Central Latin America, Pacific Asia and Western and
Central Europe have low prevalence (< 1.5%) (Table
2).
No adult HCV prevalence studies were available
from 19 countries (4 in Asia, 4 in Americas, 5 in North
Africa/Middle East area and 6 in Europe). In order of
their contribution, twenty five of the 138 countries
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Kazakhstan, Kyrgyzstan and Turkmenistan in Asia,
Bolivia, Martinique, Suriname and Uruguay in America,
Israel, Oman, Qatar and Yemen in North Africa/Middle
East Area and several of the Western and Eastern SubSaharan African countries) our data suggest that data
concerning the genotype prevalence are particularly
weakest in the majority of Asia (accounting for 3.6%
of the global population), followed by Africa (3.2%
of the global population) and Latin America (1.4%
of the global population), if considered in terms of
proportion of the genotyped patients respect to overall
populations.
It is interesting to note that G1, the most preva
lent genotype in high income countries, well served
by second generation DAA therapies with a viral
[59,60]
eradication rates > 90%
, is also the most prevalent
globally. This may be related to the strict association
between G1 and the transfusion risk very common
[22]
prior to the discovery of HCV in 1989 .
The high circulation of G3, instead, the second
most common genotype, especially in Europe, which
accounts for almost 20% of global infections, not
susceptible to the first generation of DAA protease
[61,62]
inhibitors and less susceptible to Sofosbuvir
, is
likely related to the association between subtype 3a
[20,63,64]
and drug abuse
and also to migrations to Europe
from countries where this subtype is dominant, such
[65]
as India and Pakistan .
Although HCV G1 and G3 infections are the most
prevalent globally (67.0% if considered together), other
genotypes are particularly common in lower-income
countries (Table 4), as G2 in West Africa (62.9%) and
in some regions of South America, probably caused
by population movements during the trans-Atlantic
[26]
slave trade in the Eighteenth Century
and G4 and
G6, highly present in Central and Northern Africa
(82.9% and 65.3%) and in Southeast Asia (30.8%).
The particularly high prevalence of subtype 4a in Egypt
could be the result of unsafe injections during the anti[66]
schistosomal public health campaigns in the past ,
[67,68]
whereas the diffusion of subtype 4d in Europe
and
[69]
of subtype 6a in Hong Kong
have probably been
amplified by the high number of PWIDs in these areas.
It has been estimated that G2, G4, and G6 combined
account for nearly one third of all HCV cases globally.
Higher proportions of G2 were found in Northern Europe
and in some of the ex-soviet republics, probably in
accordance to the Asian genotypes distribution, and in
[70,71]
Italy, especially in the Southern regions
.
Anyway, it is necessary to clarify that this analysis
shows several limitations, especially related to the lack
of information available from some extended regions
(first of all, Africa and Asia) that has necessarily forced
us to use regional estimates, sometimes coming from
few high populated countries. For example, the Central
Asia viraemic rate estimate, calculated on the basis of
data published in Uzbekistan (viraemic rate of 39%)
and in Mongolia (viraemic rate of 70%), is heavily

WJG|www.wjgnet.com

influenced by Uzbekistan due to its much larger
population. Data from additional countries would be
helpful in the future in minimizing this bias.
Another limitation is the lack of robust epidemiology
studies at the national level. Only 21% of the 138
countries included in this analysis shows a sample size
> 10000, selected by multiple cities or regions, and
a random sampling strategy, while the majority are
generally conducted in a select population within one
setting (e.g., hospital, clinic, city, etc.).
Anyway, in the absence of better data, this analysis
suggests that HCV prevalence and the viraemic rate
have decreased from 2005 to date, maybe for the
impact of the new DAA therapies, even if a better
knowledge of genotype distribution at a national level,
especially in its subtype diversification, may be yet
critic for the complete understanding of HCV disease
and to design and testing of vaccines, especially in
countries where genotype diversity is particularly high.
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AIM
To investigate the efficacy of double-layered covered
stent in the treatment of malignant oesophageal
obstructions.
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METHODS
A systematic review and meta-analysis was performed
following the PRISMA process. PubMed (Medline),
EMBASE (Excerpta Medical Database), AMED (Allied and
Complementary medicine Database), Scopus and online
content, were searched for studies reporting on the
NiTi-S polyurethane-covered double oesophageal stent
for the treatment of malignant dysphagia. Weighted
pooled outcomes were synthesized with a random
effects model to account for clinical heterogeneity. All
studies reporting the outcome of palliative management
of dysphagia due to histologically confirmed malignant
oesophageal obstruction using double-layered covered
nitinol stent were included. The level of statistical
significance was set at α = 0.05.
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RESULTS
Six clinical studies comprising 250 patients in total were
identified. Pooled technical success of stent insertion
2
was 97.2% (95%CI: 94.8%-98.9%; I = 5.8%). Pooled
complication rate was 27.6% (95%CI: 20.7%-35.2%;
I 2 = 41.9%). Weighted improvement of dysphagia
on a scale of 0-5 scoring system was -2.00 [95%CI:
2
-2.29%-(-1.72%); I = 87%]. Distal stent migration
was documented in 10 out of the 250 cases examined.
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Pooled stent migration rate was 4.7% (95%CI:
2
2.5%-7.7%; I = 0%). Finally, tumour overgrowth
was reported in 34 out of the 250 cases with pooled
rate of tumour overgrowth of 11.2% (95%CI:
2
3.7%-22.1%; I = 82.2%). No funnel plot asymmetry
to suggest publication bias (bias = 0.39, P = 0.78). In
the sensitivity analysis all results were largely similar
between the fixed and random effects models.

most important complaint of these patients is the
tumour related dysphagia resulting in poor oral intake
and malnutrition.
Palliative treatment options of malignant dysphagia
include balloon dilatation, laser ablation, sclerotherapy,
thermal coagulation, radiotherapy, chemotherapy
and endoscopically and/or fluoroscopically guided
stent placement across the obstruction. Nowadays,
the placement of self-expanding metal stents (SEMS)
is considered the treatment of choice for malignant
dysphasia, given the quick and effective symptomatic
[2,3,5]
relief and its ease of use and relative safety
. Stents
used in for the treatment of malignant esophageal
[6-9]
obstruction can be either covered or uncovered .
One of the more widely used SEMS today is the
double-layered covered nitinol stent (NiTi-S, Taewoong
Medical, South Korea) which was designed to combine
the advantageous characteristics of covered stents
that prevent tissue ingrowth and re-obstruction, and
uncovered stents that have demonstrated lower rates
of migration. The authors performed a systematic
review of the literature in order to assess the clinical
outcomes of this double-layered covered nitinol stent
in the treatment of malignant esophageal obstruction
with a focus on stent insertion success, peri-procedural
complications, relief of dysphagia, and stent failure
because of migration or tumour overgrowth.

CONCLUSION
The double-layered nitinol stent provides immediate
relief of malignant dysphagia with low rates of stent
migration and tumour overgrowth
Key words: Double-layered covered stent; Malignant
oesophageal obstructions; Dysphagia; Double-layered
nitinol stent
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of this systematic review and metaanalysis is to investigate the efficacy of doublelayered nitinol covered stent in the treatment of
malignant oesophageal obstructions. The literature was
searched following the PRISMA selection process as
recommended by Cochrane. Weighted pooled outcomes
were synthesized with a random effects model to
account for clinical heterogeneity. This meta-analysis
highlights the promising outcomes of the doublelayered covered stent and demonstrates significant
immediate relief of dysphagia with low rates of stent
migration and tumour overgrowth. The unique design
of this stent seems to combines the merits of both
plain covered and uncovered metal esophageal stent
designs.

MATERIALS AND METHODS
Search strategy

The literature was searched following the PRISMA
selection process as recommended by Cochrane.
PubMed (Medline, 1950 to present), EMBASE (Excerpta
Medical Database, 1980 to present), AMED (Allied
and Complementary Database, 1985 to present),
Scopus (1970 to present) and the CENTRAL (Cochrane
Central Register of Controlled Trials) were searched.
The search terms used were “oesophageal” or “stent”
or “double-covered” or “NiTi-S” and “trial” or “study”
or “controlled trial”, as well as the relevant terms and
corresponding Medical Subjects Headings (MeSH). The
search was last updated on 31 January 2016. There
were no language restrictions. Papers of all relevant
published studies identified from the above search
strategy were obtained and assessed for potential
eligibility independently by two of the senior authors
(AD and KK).

Hussain Z, Diamantopoulos A, Krokidis M, Katsanos K. Doublelayered covered stent for the treatment of malignant oesophageal
obstructions: Systematic review and meta-analysis. World J
Gastroenterol 2016; 22(34): 7841-7850 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i34/7841.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i34.7841

INTRODUCTION
Oesophageal cancer is the sixth leading cause
of cancer-related deaths worldwide. Despite the
significant advances in diagnostic and therapeutic
options, the 5-year survival rate remains remarkably
[1]
low . More than 50% of patients present late and
[2,3]
are deemed unsuitable for surgical resection . The
lack of early warning signs and symptoms means that
patients usually become symptomatic in an advanced
stage of the disease. In addition, esophageal cancer
usually affects elderly patients who suffer from
multiple co-morbidities. Both these factors render
[1,2,4]
affected patients poor surgical candidates
. The

WJG|www.wjgnet.com

Selection criteria

All studies reporting the outcome of palliative manage
ment of dysphasia due to histologically confirmed
malignant oesophageal stricture/obstruction in adult
patients, by insertion of a double-layered covered
nitinol stent were included in the present metaanalysis. There was no intention of future resection or
surgery in all included patients due to locally advanced
disease, distant metastasis or serious co-morbidities
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precluding surgical management. Stent placement
was performed either under fluoroscopy or endoscopic
guidance.
Papers reporting the management of oesophageal
strictures due to benign disease, anastomotic strictures
and stents inserted as a bridge to surgery or prior to
radical radiotherapy were excluded from this study.
Studies reporting the outcomes of stents other than
the double-layered covered NiTi-S stent were also
excluded.

2.7.9, Statsdirect Ltd, Chechire, United Kingdom).
Categorical variables were expressed in percentages
and continuous variables in mean ± SD if normally
distributed. Summary statistics of the primary and
secondary endpoint measures were expressed as
weighted proportional outcomes and the associated
95%CIs. The random DerSimonian and Laird (D-L)
effects model was applied to calculate the pooled
proportional outcomes. We also performed a sensitivity
analysis with the inverse variance fixed effects
2
2
model. Cochran’s Q (χ ) test and I statistic were
used to test for statistical evidence of heterogeneity
(non-combinability of studies) across the included
2
studies. An I value of less than 25% indicates low
heterogeneity, while values between 25% and 50%
and values of more than 50% indicate moderate and
high heterogeneity, respectively. Potential publication
bias was assessed by visual inspection of inverted
funnel plot asymmetry as recommended for systematic
reviews and meta-analyses including a small number
of studies. The Horbold-Egger test was also used to
indicate publication bias in case of subjective funnel
plot evaluation. The level of statistical significance was
set at α = 0.05.

Data extraction

Data were extracted by the same two authors
independently. Descriptive data including baseline
demographics, follow-up periods and primary and
secondary outcome measures were collected. Outcome
measures were defined according to the previously
published International guidelines. These included
immediate technical success of stent insertion, periprocedure complication rates, reported dysphagia
improvement, and rates of stent migration and tumour
overgrowth during follow-up. The same dysphagia
scoring system was used in all papers as follows:
score 0, normal diet; score 1, able to eat some solid
food; score 2, able to eat some semi-solids only;
score 3, liquids only; and score 4, complete inability
[10]
to swallow . Data were extracted from the main
text and tables of the published papers. In case of
missing data, relevant abstracts and presentations
from annual meetings proceedings were analysed
and/or the corresponding authors were contacted. Any
disagreement was resolved by consensus between the
investigators.

RESULTS
Systematic review

A total of 6 articles meeting the inclusions criteria of this
study were identified with the PRISMA selection process
(Figure 1) including 5 single-arm cohort studies and 1
[11-16]
randomized controlled trial
. Clinical details of a total
of 250 patients (206 male), median age is 68 (range:
42-84), who underwent palliative stent insertion for
malignant oesophageal obstruction over a period of 10
years (January 2006-January 2016) were obtained and
pooled for the purposes of this analysis. The median
follow-up period ranged between 2 mo (62 d) and 6
[11-16]
mo
. Two studies reported comparisons between
[12,13]
different stents (single and double-layered stents)
,
but we extracted and pooled only the double-layered
ones for the purposes of the meta-analysis. Histology
of treated tumours was balanced between squamous
cell carcinoma and adenocarcinoma and nearly half of
the cases involved the distal oesophagus. A summary
of characteristics of the studies included in this metaanalysis is shown in Table 1.

Stent design

The double-layered covered nitinol stent (NiTi-S,
Taewoong Medical, Seoul, South Korea) has a doublelayer configuration, consisting of an inner “dog-bone”
nitinol stent (nickel-titanium thermal memory allow)
that is fully covered with polyurethane layer and an
outer uncovered nitinol wire mesh designed to prevent
or reduce stent migration by allowing tumour in[11]
growth and anchorage at the tumour site . When
delivered, the stent flares at its proximal and distal
ends. A thread is attached inside the proximal flange of
the stent, when being pulled; the thread reduces the
diameter of the stent, enabling stent repositioning or
removal. The Niti-S stent shortens approximately 35%
after placement, therefore, a stent measuring 2 to 4
cm longer than the stricture is usually used to allow for
a 1- to 2-cm extension above and below the proximal
and distal components of the tumour. The stent is
delivered in a compressed form inside an introducer
sheath under fluoroscopic or endoscopic guidance.

Meta-analysis

Predefined outcome measures were reported in all
6 included studies. Successful stent insertion was
reported in 244 out of the 250 cases. The pooled
technical success rate (weighted proportion) was
97.2% (95%CI: 94.8%-98.9%; Figure 2). There was
2
low statistical heterogeneity (I = 5.8%, P = 0.38) and
no visual asymmetry of the respective funnel plot to
suggest publication bias (bias = -1.48, P = 0.08).
Complications were reported in 70 out of the 250

Statistical analysis

Quantitative data synthesis of all included studies was
created/performed using Statsdirect software (Version
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2936 scientific records identified
through search of databases
(PubMed, EMBASE, Scopus, CENTRAL)

Eligibility

Screening

Identification

Hussain Z et al . Double-layered stent for esophageal obstruction

287 additional records identified
through other sources (meeting
proceedings and online content)

632 scientific records screened
(abstracts retrieved and analyzed)

606 records excluded as
irrelevant, incomplete or not
meeting inclusion criteria

26 scientific articles assessed
for eligibility (26 full-text articles
retrieved and analyzed)

20 articles excluded
(irrelevant or other types of
stents or duplicate reports

Included

6 clinical studies
included in systematic review
and synthesis (meta-analysis)

Figure 1 PRISMA selection. Study selection process according to the PRISMA statement by the Cochrane Collaboration.

Table 1 Design and patient characteristics of included clinical trials
Publication

Study design

Sample (n )

Age (yr)

Male gender

Adenocarcinoma

Distal esophagus

Tumour length (cm)

Verschuur et al[16], 2006

Prospective
cohort
Prospective
randomized
Prospective
cohort
Prospective
cohort
Prospective
cohort
Retrospective
cohort

42

65 ± 14

60%

76%

21%

7.8 ± 2.4

17

68 ± 8

94%

33%

39%

6.1 ± 2.6

32

67 ± 9

75%

N/A

53%

N/A

55

72

67%

56%

93%

48

68 ± 11

81%

33%

37%

11.7 ± 2.5
(stent length)
N/A

56

N/A

61%

38%

55%

N/A

Kim et al[13], 2009
Park et al[15], 2010
Battersby et al[12], 2012
Kim et al[14], 2012
Mezes et al[11], 2014

N/A: Not available.

cases. Most often encountered complications were
reflux esophagitis and aspiration pneumonia, whereas
oesophageal fistula was rarely noted (Table 2). Pooled
complication rate was 27.6% (95%CI: 20.7%-35.2%;
Figure 3). There was moderate statistical heterogeneity
2
(I = 41.9%, P = 0.13) and no funnel plot asymmetry
to suggest publication bias (bias = -1.21, P = 0.79).
Pooled improvement in dysphagia score (weighted
score reduction compared to baseline) was -2.00
[95%CI: -2.29-(-1.72); Figure 4]. There was high
2
statistical heterogeneity (I = 87%, P < 0.0001) and
no evidence of publication bias (bias = -3.79, P = 0.46).
Distal stent migration was documented in 10 out of
the 250 cases examined. Pooled stent migration rate
was 4.7% (95%CI: 2.5%-7.7%; Figure 5). There was
2
very low statistical heterogeneity (I = 0.0%, P = 0.82)
and no funnel plot asymmetry to suggest publication
bias (bias = 0.39, P = 0.78).

WJG|www.wjgnet.com

Finally, tumour overgrowth was reported in 34
out of the 250 cases in total. Pooled overgrowth rate
was 11.2% (95%CI: 3.7%-22.1%; Figure 6). There
2
was high statistical heterogeneity (I = 82.2%, P <
0.0001) and some funnel plot asymmetry suggestive
of potential publication bias (bias = 4.13, P = 0.06).
In the sensitivity analysis all results were largely
similar between the fixed and random effects models
as summarised in Table 3.

DISCUSSION
The use of SEMS is a well-established palliative manage
ment of the dysphagia associated with advanced
oesophageal malignancy, but the optimal stent design
[2,7,17]
is still debated
. Stents used in the treatment of
oesophageal obstruction are made of stainless steel,
nitinol or plastic stents and they can be either covered
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Technical success

A

Proportion meta-analysis plot [random effects]

Verschuur et al 2006

0.98 (0.87, 1.00)

Kim et al 2009

0.94 (0.71, 1.00)

Park et al 2010

1.00 (0.89, 1.00)

Battersby et al 2012

0.98 (0.90, 1.00)

Kim et al 2012

1.00 (0.93, 1.00)

Mezes et al 2012

0.95 (0.85, 0.99)

Combined

0.97 (0.95, 0.99)
0.7

0.8

0.9

1.0

Proportion (95%CI)

B

Bias assessment plot

0.00

Standard error

0.02

0.04

0.06

0.08

0.8

0.9

1.0

1.1

1.2

Proportion

Figure 2 Technical success. A: Random effects forest plot of weighted pooled estimate; B: Respective funnel plot for bias assessment (the standard error of the
proportion was plotted against the proportion for each study).

Table 2 Event counts of tumour overgrowth, stent migration and complications encountered
Publication
Verschuur et al[16], 2006
Kim et al[13], 2009
Park et al[15], 2010
Battersby et al[12], 2012
Kim et al[14], 2012
Mezes et al[11], 2014

Tumour
overgrowth

Stent
migration

Food
impaction

Reflux
esophagitis

Aspiration
pneumonia

Esophageal
fistula

Perforation

Hemorrhage

n=2
n=5
n=1
n = 13
n = 19

n=3
n=1
n=3
n=1
n=4

n=1
6%
n=2
-

n=2
n=4
8%
n = 13
-

n=2
n=1
3%
n=5
-

n=1
n=1
0.8%
n=2
n=1

n=1
0.4%
-

n=1
-

[2-5]

[18,19]

or uncovered . Previous covered plastic stents have
now been largely replaced with metal stent which
provide safe, rapid and effective symptomatic relief
with fewer complications. Covering of metal struts with
polyethylene, polytetrafluoroethylene (PTFE), silicone
or polyurethane coating is believed to reduce the rate
of re-obstruction due to tissue ingrowth/overgrowth
[6-9]
compared to the uncovered ones , however, they
[2]
are implicated in higher rates of migration . Newer
commercially available stent options include biodegra
dable oesophageal stents and intraluminal radioactive

WJG|www.wjgnet.com

stents
.
Newer stents are constructed from nitinol, which
has the advantage of thermal memory and can con
form to a more predicable self-expanding shape after
deployment compared to older metal stents made
[2,8,19]
from stainless steel
. The new type of doublelayered nitinol stent is believed to combine the merits
of both covered and uncovered stents. Its inner layer
is covered with polyurethane material to prevent
tumour encroachment, while the outer layer consists
of an uncovered metal mesh to prevent or reduce
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Complications

A

Proportion meta-analysis plot [random effects]

Verschuur et al 2006

0.24 (0.12, 0.39)

Kim et al 2009

0.12 (0.01, 0.36)

Park et al 2010

0.25 (0.11, 0.43)

Battersby et al 2012

0.33 (0.21, 0.47)

Kim et al 2012

0.42 (0.28, 0.57)

Mezes et al 2012

0.21 (0.12, 0.34)

Combined

0.28 (0.21, 0.35)
0.0

0.2

0.4

0.6

0.8

Proportion (95%CI)

B

Bias assessment plot

0.05

Standard error

0.06

0.07

0.08

0.09

0.1

0.2

0.3

0.4

0.5

Proportion

Figure 3 Complications. A: Random effects forest plot of weighted pooled estimate; B: Respective funnel plot for bias assessment (the standard error of the
proportion was plotted against the proportion for each study).

migration by being implanted into tumour tissue or
[11-16]
oesophageal wall
. The present meta-analysis
has demonstrated a high pooled success of stent
insertion (> 97%) with acceptable rates of procedurerelated complications. The latter were encountered
in a quarter of the cases (27.6%) and seem to be in
line with the usually encountered complications during
oesophageal stent insertion for palliation of cancer[2,4,12]
related dysphagia
. Most importantly, significant
relief of dysphagia was found that was 2 points on
average out of the 0-4 dysphagia scale. This is very
important to help restore oral intake and treat poor
nutrition that has been found to be associated with
[11]
poorer long-term survival outcomes . Furthermore,
the double-layered covered Niti-S stent was found to
be related to quite low incidence of stent migration
and late tumour overgrowth compared to historical
[2,3]
outcomes of uncovered or single-covered stents .
The most frequent early and late complication of
oesophageal SEMS is stent malfunction or failure,
either due to migration (i.e., slipping distally into
the stomach or small bowel), or tissue ingrowth/

WJG|www.wjgnet.com

overgrowth or less frequently food impaction that
leads to recurrent dysphagia. The pooled estimate of
migration rate in this analysis was 4.7%, which on
one hand is significantly lower than the so far reported
migration rates of covered stents that range between
25%-32%, and on the other hand appears to be very
similar to the reported migration rates of uncovered
[2]
stents . Stent migration will present with early
recurrent dysphagia and may be easily treated with
endoscopic retrieval of the migrated stent followed by
repeat insertion of another one, or may develop to
more serious small bowel obstruction mandating open
laparotomy that entails a risk of death in the setting
[12]
of advanced oesophageal cancer . Symptomatic
tumour overgrowth at the stent edge was found to
affect nearly 1 in 10 of the analysed cases and can be
easily treated with repeat co-axial insertion of another
covered stent. Stent failure/blockage because of food
impaction was rarely reported and is a more benign
complication that may be treated with endoscopic
clearance of the clogged debris and encouragement of
[2,3]
fizzy drinks .
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Dysphagia score

A

B

Effect size meta-analysis plot [random effects]

Verschuur et al 2006
Bias assessment plot
0.09

Kim et al 2009

Standard error

Park et al 2010
Battersby et al 2012
Kim et al 2012
Mezes et al 2012

-4

-3

-2

-1

0.14

0.19

0.24
-3.0

-2.5

DL pooled weighted mean difference = -2.004694
[95%CI: -2.294377-(-1.715011)]

-2.0

-1.5

-1.0

Effect size

Figure 4 Improvement of dysphagia score. A: Random effects forest plot of weighted pooled treatment effect; B: Respective funnel plot for bias assessment (the
standard error of the score was plotted against the effect size for each study).
Stent migration

A

Proportion meta-analysis plot [random effects]

Verschuur et al 2006

0.0714 (0.0150, 0.1948)

Kim et al 2009

0.0000 (0.0000, 0.1951)

Park et al 2010

0.0313 (0.0008, 0.1622)

Battersby et al 2012

0.0545 (0.0114, 0.1512)

Kim et al 2012

0.0208 (0.0005, 0.1107)

Mezes et al 2012

0.0357 (0.0044, 0.1231)

Combined

0.0473 (0.0248, 0.0766)
0.00

0.05

0.10

0.15

0.20

Proportion (95%CI)

Standard error

B

Bias assessment plot

0.02

0.03

0.04

0.05
-0.10

-0.05

0.00

0.05

0.10

0.15

Proportion

Figure 5 Stent migration. A: Random effects forest plot of weighted pooled estimate; B: Respective funnel plot for bias assessment (the standard error of the
proportion was plotted against the proportion for each study).
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Tumour overgrowth

A

Proportion meta-analysis plot [random effects]

Verschuur et al 2006

0.0476 (0.0058, 0.1616)

Kim et al 2009

0.0000 (0.0000, 0.1951)

Park et al 2010

0.1563 (0.0528, 0.3279)

Battersby et al 2012

0.0182 (0.0005, 0.0972)

Kim et al 2012

0.2708 (0.1528, 0.4185)

Mezes et al 2012

0.2321 (0.1298, 0.3642)

Combined

0.1121 (0.0369, 0.2209)
0.0

0.2

0.4

0.6

Proportion (95%CI)

Standard error

B

Bias assessment plot

0.02

0.04

0.06

0.08

-0.1

0.0

0.1

0.2

0.3

Proportion

Figure 6 Tumour overgrowth. A: Random effects forest plot of weighted pooled estimate; B: Respective funnel plot for bias assessment (the standard error of the
proportion was plotted against the proportion for each study).

Table 3 Summary of the meta-analysis for all outcome measures with the random and fixed effects models
Parameters
Technical success (%)
Overall complications (%)
Dysphagia score improvement (0-4)
Migration (%)
Overgrowth (%)

Pooled estimates Random (95%CI)

Pooled estimates Fixed (95%CI)

I ² heterogeneity

97.2 (94.8-98.9)
27.6 (20.7-35.2)
-2.00 [-2.29-(-1.72)]
4.7 (2.5–7.7)
11.2 (3.7–22.1)

97.2 (94.9-98.9)
28.1 (22.8-33.8)
-1.94 [-2.04-(-1.84)]
4.7 (2.5–7.7)
12.3 (8.5–16.6)

Low (5.8%)
Moderate (41.9%)
High (87.0%)
Low (0.0%)
High (82.2%)

Other frequently reported complications of the
double-layered PTFE-covered Nitinol stent include
reflux esophagitis, most commonly associated with
lower oesophageal and gastro-oesophageal junction
(GOJ) tumours and the infrequent but life threatening
aspiration pneumonia and tracheo-oesophageal fistula.
Hence, prescription of proton-pump inhibitors (PPI) is
recommended in all cases of covered stent placement
across the GOJ. The proposed mechanism of fistula
formation after stent placement is pressure necrosis
of the tumour and oesophageal wall or trauma from
[12]
the sharp stent ends on the oesophageal mucosa .

WJG|www.wjgnet.com

This complication has been treated successfully with a
[20]
second overlapping covered stent into the first stent .
Other rarely reported complications may include
haemorrhage and oesophageal perforation because
of poor operative technique and/or local tumour
infiltration.

Study limitations

The main limitation of this meta-analysis is the small
number of studies identified, and subsequently, the
relatively small number of total patients included in the
analysis. There was some between-trials heterogeneity

7848

September 14, 2016|Volume 22|Issue 34|

Hussain Z et al . Double-layered stent for esophageal obstruction
design of this double-layered covered nitinol stent. It is very nicely presented
and convincingly shows the very satisfactory outcome following the use of the
double covered stent.

that may compromise internal validity, but there was
good agreement between the random and fixed effects
models that underlines the external validity of our
results. In addition, with the exception of 1 randomized
design, no comparative studies were available to allow
comparison of different stent designs. The number of
trials and sample size were too small to support further
subgroup comparisons or other regression analyses.
The data compiled in this meta-analysis highlight the
promising outcomes of the double-layered polyurethane
covered NiTi-S stent in the treatment of esophageal
obstruction secondary to malignancy with significant
immediate relief of dysphagia and low rates of stent
migration and tumour overgrowth. Despite the inherent
limitations of this study, the present data suggests
that patients are likely to benefit from the unique
design of this stent which seems to have low migration
rate, comparable to that of uncovered stent, while
maintaining the lower rate of re-obstruction due to
tissue ingrowth/overgrowth seen in plain covered
[12]
stents . The authors of this study therefore believe
that the double-layered covered nitinol stent combines
the merits of both plain covered and uncovered metal
esophageal stent designs.
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Abstract
Utilizing the opened round ligament as venous grafts
during liver transplantation is useful but controversial,
and there are no pathological analyses of this pro
cedure. Herein, we describe the first reported case of
a pathological analysis of an opened round ligament
used as a venous patch graft in a living donor liver
transplantation (LDLT). A 13-year-old female patient
with biliary atresia underwent LDLT using a posterior
segment graft from her mother. The graft had two
hepatic veins (HVs), which included the right HV (RHV;
15 mm) and the inferior RHV (IRHV; 20 mm). The
graft RHV and IRHV were formed into a single orifice
using the donor’s opened round ligament (60 mm
× 20 mm) as a patch graft during bench surgery; it
was then anastomosed end-to-side with the recipient
inferior vena cava. The recipient had no post-transplant
complications involving the HVs, but she died of septic
shock with persistent cholangitis and jaundice 86 d
after LDLT. The HV anastomotic site had no stenosis
or thrombus on autopsy. On pathology, there was
adequate patency and continuity between the reci
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pient’s HV and the donor’s opened round ligament. In
addition, the stains for CD31 and CD34 on the inner
membrane of the opened round ligament were positive.
Hepatic venous reconstruction using the opened round
ligament as a venous patch graft is effective in LDLT, as
observed on pathology.

to conduct this study was obtained from the Ethics
Committees of Jichi Medical University.

CASE REPORT
A 13-year-old female patient with biliary atresia was
considered for LDLT because of decompensated liver
cirrhosis with jaundice. Her body height and weight
were 159.4 cm and 54.0 kg, respectively, and her
standard liver volume was 1095 mL. The blood test
results were as follows: white blood cells 9600/μL;
hemoglobin 8.7 g/dL; hematocrit 26.0%; platelets
149000 /μL; albumin 2.9 g/dL; creatinine 0.35 mg/dL;
total bilirubin 31.6 mg/dL; aspartate aminotransferase
93 mU/mL; alanine aminotransferase 50 mU/mL;
prothrombin time-international normalized ratio 1.40;
and activated partial thromboplastin 58.3 s. The model
for end-stage liver disease score was 23.
The patient underwent an ABO-compatible LDLT
using her mother’s posterior segment graft (390 g;
graft volume to standard liver volume ratio: 35.6%).
The graft had two hepatic veins (HVs), including the
right hepatic vein (RHV; 15 mm) and the inferior
RHV (IRHV; 20 mm) (Figure 1A). The graft RHV
and IRHV were formed into a single orifice using the
donor’s opened round ligament (60 mm × 20 mm)
as a venous patch graft during bench surgery (Figure
1B); it was then anastomosed end-to-side with the
recipient inferior vena cava (Figure 1C and D). Portal
vein reconstruction using an interposition vein graft
from the right saphenous vein of the donor was
performed between the recipient portal vein and the
graft posterior portal vein. Hepatic artery reconstruction
using microsurgical technique was performed between
the recipient right hepatic artery and the graft posterior
hepatic artery. For biliary reconstruction, a Roux-en-Y
hepaticojejunostomy was performed. Intraoperative
color Doppler ultrasonography was performed to
assess the blood flow velocity and pattern after
vascular reconstruction, and the flow velocity and
pattern were satisfactory. The length of the operation
was 21 h and 8 min, and the bleeding volume was
7438 mL. Tacrolimus and methylprednisolone were
used for standard post-operative immunosuppressive
therapy.
On post-operative day (POD) 8, portal vein throm
bosis was detected by color Doppler ultrasonography,
and the patient was given intravenous urokinase. On
POD 26, acute cellular rejection was diagnosed by
a graft liver biopsy, and she was treated with pulse
steroids. On POD 40, cytomegalovirus viremia was
detected by the C7-HRP test, and she underwent
preemptive anti-cytomegalovirus therapy. On POD
48, portal vein balloon dilatation was performed by
interventional radiology after the progressive narrowing
of the portal vein anastomotic stricture to less than 2
mm was detected by color Doppler ultrasonography.
During percutaneous transhepatic portography of the
intrahepatic portal vein, bilhemia was detected, and

Key words: Opened round ligament; Venous patch
graft; Hepatic venous reconstruction; Living donor liver
transplantation; All-in-one venoplasty
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Utilizing the opened round ligament as
venous grafts during liver transplantation is useful but
controversial, and there are no pathological analyses
of this procedure. Herein, we describe the first
reported case of pathological analysis of an opened
round ligament used as a venous patch graft in living
donor liver transplantation. The hepatic venous (HV)
anastomotic site had no stenosis or thrombus on
autopsy. On pathology, there was adequate patency
and continuity between the recipient’s HV and the
donor’s opened round ligament. In addition, the stains
for CD31 and CD34 on the inner membrane of the
opened round ligament were positive.
Sanada Y, Sakuma Y, Sasanuma H, Miki A, Katano T, Hirata
Y, Okada N, Yamada N, Ihara Y, Urahashi T, Sata N, Yasuda
Y, Mizuta K. Immunohistochemical evaluation for outflow
reconstruction using opened round ligament in living donor right
posterior sector graft liver transplantation: A case report. World
J Gastroenterol 2016; 22(34): 7851-7856 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i34/7851.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i34.7851

INTRODUCTION
The use of the opened round ligament as a venous
patch graft has become accepted in hepatopan
[1-3]
creatobiliary surgery because of its easy availability .
Recent studies have demonstrated the use of the
opened round ligament as a venous patch graft in
hepatic venous reconstruction during living donor
[4-7]
liver transplantation (LDLT) . However, there is no
consensus regarding the efficacy of using the opened
round ligament as a venous patch graft. Although
there are reports on the radiological patency of the
opened round ligament after LDLT and reports on
the pathological assessment of its epithelium at the
[8,9]
time of transplant , pathological analyses of longterm patency and continuity after LDLT have not been
reported.
Herein, we describe the first reported case of a
pathological analysis on an autopsy specimen of an
opened round ligament used as a venous patch graft
in hepatic venous reconstruction during LDLT. Approval
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A

B
Donor’s opened
round ligament

RHV

IRHV

RHV
IRHV

C

D
Hepatic vein
reconstruction

Recipient
inferior vena cava

Figure 1 The graft had two hepatic veins. Including the right hepatic vein (RHV; 15 mm) and the inferior RHV (IRHV; 20 mm) (A). The graft RHV and IRHV were
formed into a single orifice using the donor’s opened round ligament (60 mm × 20 mm) as a venous patch graft during bench surgery (B). It was then anastomosed
end-to-side with the recipient inferior vena cava (C and D).

thereafter, she suffered from persistent jaundice (total
bilirubin 6.4 mg/dL). On POD 86, she developed a
fever with liver dysfunction, and antibiotic treatment
for acute cholangitis was administered. However, she
died of septic shock with persistent cholangitis and
bacteremia (with Serratia marcescens) on POD 88.
There were no post-transplant complications in
volving the HVs, and the radiological patency between
the opened round ligament and the HV was confirmed
on POD 82 (Figure 2). The HV anastomotic site had no
stenosis or thrombus on an autopsy (Figure 3A and
B). The patency and continuity between the donor’s
opened round ligament and the HV were adequate on
pathological examination. In addition, the stains for
CD31 and CD34 on the inner membrane of the opened
round ligament were positive, a finding also observed
in the graft HV (Figure 3C and D).

multiple HV reconstructions are sometimes required
in a right liver graft LDLT. Therefore, reports have
indicated that it is important to simplify HV recon
struction and enlarge the graft HV orifice by an all-inone sleeve patch graft venoplasty, which has shown
[11-14]
excellent outcomes
.
The efficacy of various venous grafts used in HV
reconstruction has been reported. These grafts include
auto-venous grafts (from the inferior mesenteric
vein, gonadal vein, external iliac vein, internal jugular
[13,15,16]
vein, and saphenous vein)
, venous grafts from
[17]
a living donor, native portal veins , opened round
[4-9,12]
[18-22]
ligaments
, cryopreserved homografts
,
[23,24]
and polytetrafluoroethylene grafts
. However,
the harvest of a venous graft from a living donor
or the recipient himself is not easy. In addition, the
availability of cryopreserved homografts is limited,
and the adverse effects of polytetrafluoroethylene
grafts are unclear. Alternatively, the opened round
ligament is easier to use, and less invasive than other
venous grafts, but it is controversial in regard to its
long-term patency. Recently, use of the opened round
ligament as a venous patch graft in hepatic venous
[4-7]
reconstruction during LDLT has been reported
.
Although there are reports on the radiological patency
of the opened round ligament after LDLT and reports
on the pathological assessment of its epithelium at
[8,9]
the time of transplant , there are no pathological
analyses of patency and continuity. In this case, we

DISCUSSION
Outflow block in LDLT can potentially result in liver
[10]
congestion, graft failure, and death . When a
right liver graft is used for LDLT and the graft HV is
anastomosed end-to-end with the recipient HV or
end-to-side with the recipient inferior vena cava, the
liver graft expands in all directions in the limited right
subphrenic space during liver graft regeneration.
Consequently, the HV anastomosis can be compressed
[11]
and twisted in some circumstances . In addition,
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A

B

Interposition vein graft
Recipient portal
vein

IRHV

RHV

C

RHV

D

*

*

IRHV

IRHV

*Donor’s opened round ligament

*Donor’s opened round ligament

Figure 2 Abdominal enhanced computed tomography on post-operative day 82. The radiological patency of the donor’s opened round ligament and the hepatic
vein was confirmed (A, B, C, D). RHV: Right hepatic vein; IRHV: Inferior right hepatic vein.

A

B

Opened round
ligament

Lumen
Opened round
ligament
Hole of the
needle

Graft’s
hepatic vein

Hole of the
needle

10.0 mm

C

Lumen

10.0 mm

D

Lumen

Graft’s
hepatic vein
Opened round
ligament
CD31

Lumen

CD31
Graft’s
hepatic vein

10.0 mm

CD34

CD34

10.0 mm

Figure 3 Pathology of the hepatic venous anastomotic site on autopsy. No stenosis or thrombus was identified (A and B). On pathology, there was adequate
patency and continuity between the recipient’s hepatic vein and the donor’s opened round ligament. In addition, the stains for CD31 and CD34 on the inner membrane
of the opened round ligament were positive, a finding also observed in the graft hepatic vein (C and D).
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has been reported. These grafts include auto-venous grafts (from the inferior
mesenteric vein, gonadal vein, external iliac vein, internal jugular vein, and
saphenous vein), venous grafts from a living donor, native portal veins, opened
round ligaments, cryopreserved homografts, and polytetrafluoroethylene grafts.

conducted a pathological autopsy evaluation of a
donor’s opened round ligament used as a venous patch
graft in LDLT. This is the first report that demonstrates
the pathological efficacy of the opened round ligament
after surgery. The HV anastomotic site had no stenosis
or thrombus (Figure 3A and B). On pathology, there
was adequate patency and continuity between the
recipient HV and the donor’s opened round ligament.
In addition, the stains for CD31 and CD34 on the
inner membrane of the opened round ligament were
positive, a finding also observed in the graft HV (Figure
3C and D). Therefore, we believe that the pathological
patency and the existence of venous endothelial
cells support the efficacy of using the opened round
ligament as a venous patch graft.
In conclusion, using the opened round ligament
as a venous patch graft is easy, less invasive, and
had been shown to be pathologically effective. The
accumulation of further cases and the long-term
observation of this case are needed to confirm our
findings.

Term explanation

Opened round ligament and all-in-one venoplasty.

Experiences and lessons

Hepatic venous reconstruction using the opened round ligament as a venous
patch graft is effective in living donor liver transplantation, as observed on
pathology.

Peer-review

The manuscript provides anecdotal support for the use of opened round
ligament in hepatic vein reconstruction.
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Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
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DIAGNOSTIC ADVANCES

Role of spleen elastography in patients with chronic liver
diseases
Mariangela Giunta, Dario Conte, Mirella Fraquelli
tension (PH), one of its major complications, are
structural and functional alterations of the liver, oc
curring in many patients with chronic liver diseases
(CLD). Actually the progressive deposition of hepatic
fibrosis has a key role in the prognosis of CLD pa
tients. The subsequent development of PH leads
to its major complications, such as ascites, hepatic
encephalopathy, variceal bleeding and decompensation.
Liver biopsy is still considered the reference standard
for the assessment of hepatic fibrosis, whereas the
measurement of hepatic vein pressure gradient is the
standard to ascertain the presence of PH and upper
endoscopy is the method of choice to detect the
presence of oesophageal varices. However, several
non-invasive tests, including elastographic techniques,
are currently used to evaluate the severity of liver
disease and predict its prognosis. More recently, the
measurement of the spleen stiffness has become
particularly attractive to assess, considering the relevant
role accomplished by the spleen in splanchnic circulation
in the course of liver cirrhosis and in the PH. Moreover,
spleen stiffness as compared with liver stiffness better
represents the dynamic changes occurring in the
advanced stages of cirrhosis and shows higher diagnostic
performance in detecting esophageal varices. The aim of
this review is to provide an exhaustive overview of the
actual role of spleen stiffness measurement as assessed
by several elastographic techniques in evaluating both
liver disease severity and the development of cirrhosis
complications, such as PH and to highlight its potential
and possible limitations.
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Core tip: Spleen elastography is an attractive tool
used as an alternative and/or complementary method
to assess liver fibrosis, portal hypertension and

Abstract
The development of liver cirrhosis and portal hyper
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Giunta M et al . Elastography determination of spleen stiffness
assess LS for staging liver fibrosis and predicting the
presence of PH.

complications related to cirrhosis. There are several
elastography techniques to measure spleen stiffness,
all characterized by non-invasiveness and repeatability.
Current data from the literature show the higher
accuracy of spleen stiffness as compared to liver stiff
ness, in predicting major complications of cirrhosis.
Thus, despite some limitations, spleen stiffness seems
to be a better prognostic predictor in patients with
chronic liver disease.

Transient elastography: Transient elastography (TE) is
the first elastographic technique: it became available 13
®
years ago with the development of FibroScan (Echosens,
Paris, France) used to assess LS. An ultrasound trans
ducer probe is mounted on the axis of a vibrator.
Vibrations of mild amplitude and low frequency are
transmitted by the transducer, inducing an elastic
shear wave that propagates through the underlying
tissues. Pulse-echo ultrasound acquisitions are used
to follow the propagation of the shear wave and to
measure its velocity, which is directly related to the
tissue stiffness of the elastic modulus: the stiffer the
tissue, the faster the shear wave propagates.
A large amount of literature, consisting of both
primary studies and meta-analyses using histology as
the reference standard, has analyzed the role of TE
in predicting the stage of fibrosis in patients with CLD
caused by different etiologies, and has showed that
TE accurately predicts hepatic fibrosis stage with very
good accuracy especially for severe fibrosis/cirrhosis.
TE cut-off values for the different fibrosis stages have
[11-14]
been provided from many large-scale studies
and
by meta-analysis. Results obtained by meta-analysis
show cut-offs of TE for liver fibrosis in the range of
7.3-7.9 kPa for the diagnosis of METAVIR fibrosis stage
F ≥ 2 and 13.0-15.6 kPa for the diagnosis of liver
cirrhosis with AUROC between 0.84-0.87 and between
[15-19]
0.93-0.96 respectively
.
The main disadvantages of TE are that it requires a
dedicated device, the region of interest (ROI) cannot be
chosen, it cannot be performed in patients with ascites
and can be difficult to obtain in patients with obesity.
Currently TE is also the most common technique
used to assess SS. In the absence of guidelines for
the measurement of SS, all studies applied the same
main rules approved for the measurement of LS (e.g.,
fasting period, success rate, IQR and the minimum
number of valid measurements). To date, for the
assessment of SS transient elastography is performed
with the same probe used to perform LS, with the
patient lying supine or prone. Besides the same
technical limitations mentioned for LS which are valid
also for SS assessment, in some patients the operator
is unable to locate the splenic parenchyma because
the spleen surface is smaller than the liver surface. In
a previous study from our own group both the rate of
indeterminate results and failures of SS measurements,
decreased over time with operator experience. In
particular, the rate of failures decreased from 8%-12%,
in the first six months of the study, to 0%-2% in the
subsequent 18-24 mo, whereas the rate of unreliable
results was 16.6%. Also the inter-observer agreement
of SS as expressed by ICC was optimal, being 0.89 in
[20]
patients with chronic liver disease .
A relevant technical aspect is that SS measure
ments by TE are obtained using a probe validated only

Giunta M, Conte D, Fraquelli M. Role of spleen elastography in
patients with chronic liver diseases. World J Gastroenterol 2016;
22(35): 7857-7867 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i35/7857.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i35.7857

INTRODUCTION
Elastographic techniques are among the most promising
tools developed in the last decade for the non-invasive
evaluation of patients with chronic liver disease. Liver
stiffness (LS) measurement using transient elastography
®
(Fibroscan ) is now a widely accepted and validated
method to predict the severity and prognosis of liver
[1-3]
disease . However, there is mounting evidence that
its diagnostic accuracy can be flawed by the presence
of some confounders, such as liver cell inflammation
[4-9]
and cholestasis
and its performances may be limited
in patients with a high body mass index (BMI), narrow
intercostal space, or ascites.
Besides this evidence, liver elastography measures
hepatic fibrosis which only correlates with the fixed
component of portal hypertension (PH) related to
intrahepatic resistance but is unable to account for
the dynamic component related to hyperdinamic
[10]
splanchnic circulation and portal venous blood flow .
Given these considerations and the known relationship
between advanced liver disease and spleen tissue
changes, spleen elastography has been proposed
and tested as an alternative and/or complementary
method to LS for assessing liver fibrosis, predicting
complications related to cirrhosis, detecting PH and
predicting any presence of esophageal varices (EV).
The aim of this review is to provide, from the
current literature data, an extensive overview of the
different elastographic techniques used to measure
spleen stiffness (SS), with the focus on their feasibility,
reproducibility, limitations and diagnostic accuracy to
better predict the prognosis of patients affected by
chronic liver diseases.

DISCUSSION
Elastographic techniques for measuring SS: feasibility
and reproducibility

All the elastographic techniques applied to assess SS
were at first developed as non-invasive methods to
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perform measurements with an adequate ultrasound
window. In addition, the exam can be performed also
in presence of ascites, obesity or narrow intercostal
spaces. Several recent reports and meta-analyses have
demonstrated that the measurement of LS by pSWE
[24-27]
is a valuable method of assessing liver fibrosis
while only a few studies have investigated spleen
[28-30]
stiffness with this method
. The failure rate of
acoustic radiation force impulse (ARFI) for liver stiffness
[27,31]
determination is similar to that of TE (2.9%)
and
also the reproducibility is good for LS determination
whereas insufficient data is available to date regarding
the rate of failure and unreliable measurements of SS
by pSWE. Its feasibility seems to be similar to that
for LS and inter-observer agreement seems to be
[30,32]
acceptable but inferior to that on LS
.
Figure 1 shows an example of spleen stiffness
determination by pSWE.

Figure 1 Spleen stiffness determination by point shear wave elastography.

for the measurement of LS. Indeed, the acquisition
®
parameters of the FibroScan (Echosens, Paris, France)
were optimized for the stiffness assessment of liver
tissues, especially in terms of low-frequency excitation.
To accurately assess the stiffness of organs harder
than the liver, the acquisition parameters should be
probably adapted. Normal spleen stiffness, also in
healthy volunteers, is higher in terms of kPa than that
[20]
of the liver, ranging from 9.4 to 65.2 kPa . Therefore,
®
the use of the Fibroscan (Echosens, Paris, France)
on the spleen of patients with cirrhosis might lead to
overestimated stiffness values. Often in patients with
cirrhosis and portal hypertension SS measurements
reach the maximum value reported by machine, i.e.,
75 kPa, in order to identify the correct range of SS
values and to better stratify them both Calvaruso
[21]
[22]
et al
and Stefanescu et al
asked Echosens to
perform an analysis of their elastograms using software
and calculation algorithms that allow for stiffness
measurements up to 150 kPa. Using this modified
spleen stiffness, the authors obtained interesting
results in terms of prediction of both esophageal
[23]
varices and liver decompensation . However, those
authors correctly pointed out that this modified SS
measurement probably is not the real spleen stiffness
value but only an estimation of it thus efforts should be
made to develop a modified probe and software with
frequency correction and depth optimization.

Real-time two-dimensional SWE: Real-time twodimensional SWE (RT 2D-SWE) has the peculiarity that
the shear-wave velocities can be measured in a bidimensional area (a box of 2.5 cm × 3.5 cm) rather
than in a single small point: this way the limitation
of pSWE to accidentally investigate small regions of
greater or lesser stiffness than average is overcome.
Also this technique is incorporated in conventional
ultrasound machines and its results are expressed either
in m/sec or in kPa. Its failure rate is significantly lower
than that of TE and preliminary results suggest that
SWE may be better than TE at the diagnosis of clinically
significant fibrosis and more reliable in patients with
[33-37]
ascites
. SS measurement using 2D-SWE has been
investigated in even fewer studies. A preliminary study
[38]
by Cassinotto et al
showed excellent intra-observer
(ICC 0.96) and inter-observer (ICC 0.87) agreements
but the rate of failure was quite high (30%) probably
due to the thinness and the more cranial position of
the splenic parenchyma and to movements owed to
the proximity of the left cardiac ventricle. Findings
regarding the diagnostic accuracy of SS determination
for the assessment of liver fibrosis are sporadic even if
its diagnostic accuracy for liver cirrhosis seems good:
[39]
a study by Grgurevic et al
found an AUROC of 0.82
using a cut-off value of 24 kPa.
Regarding ARFI techniques (pSWE and RT 2D-SWE)
there are two relevant critical issues that should be
taken into account. Firstly, the quality criteria for the
correct interpretation of results (for SS and even for
LS) remain to be adequately defined. Secondly, the
elastographic techniques which are incorporated into
conventional ultrasound devices enabling the choice of
where to place the region of interest and whether to
confirm or exclude each single measurement, can be
[40]
more operator-dependent than TE .

Acoustic radiation force impulse techniques

Point shear-wave elastography: This is an elasto
graphic technique recently developed and integrated
into several conventional ultrasound machines (e.g.,
Siemens, Philips, Hitachi, Esaote etc.). It allows the
quantitative assessment of tissue stiffness, providing
measurements of shear-wave velocity within a small
region (fixed ROI size 0.5 cm × 1.5 cm), its localization
being monitored by real-time B-mode ultrasound.
Results may be expressed in units of shear-wave
velocity (m/s) or converted into units of Young’s
modulus (kPa). The advantage of point shear-wave
elastography (pSWE) relates to the opportunity for the
operator of positioning the region of interest where to
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Magnetic resonance elastography: Magnetic reso
nance elastography (MRE) is an imaging technique that
[41]
provides full organ coverage
and low variability for
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[20]

Table 1 Diagnostic performance of liver stiffness and spleen stiffness for liver fibrosis and esophageal varices
F ≥ 2 (66%)
Cut-off (kPa)
Sensitivity
Specificity
LR+
LRAUROC

F = 4 (23%)

EV (10%)

L-TE

S-TE

L-TE

S-TE

L-TE

S-TE

8
83 (54-76)
65 (76-98)
2.4
0.2
0.85 (0.78-0.92)

36
76 (61-81)
80 (65-93)
3.9
0.3
0.80 (0.65-0.85)

12
92 (80-100)
80 (72-89)
4.6
0.09
0.93 (0.88-0.96)

46
89 (72-99)
78 (82-96)
4.5
0.1
0.84 (0.76-0.93)

19
73 (59-93)
47 (34-68)
1.4
0.5
0.62 (0.41-0.89)

65
91 (81-100)
80 (65-94)
4.5
0.1
0.90 (0.79-100)

TE: Transient elastography; EV: Esophageal varices.

stiffness measurement as evidenced by excellent inter[42-44]
[45]
scan reproducibility
and inter-reader agreement .
A correlation between LS by MRE and hepatic fibrosis
[46]
has been established
and MRE has shown to have
considerably high reproducibility, feasibility and validity
[47-50]
for assessing liver fibrosis
.
SS measurement using MRE has been investigated
[51]
in a few studies. Firstly, Talwalkar et al
suggested
the feasibility of MRE in assessing SS as a non-invasive
measure of portal pressure by assessing 38 patients
with chronic liver disease. The authors found a strong
2
linear relationship between LS and SS (r = 0.75, p <
0.001) and with a mean SS valued ≥ 10.5 kPa they
noted a detection rate of 100% for EV. Similarly, Morisaka
[52]
et al
found that SS had the highest correlation with
EV as observed at endoscopy. For discriminating large
EV vs no EV or small EV only SS showed a significant
association (OR = 1.82) with an AUROC of 0.81.
Moreover, the authors showed the reproducibility of SS
measurements by MRE (Pearson’s correlation coefficient
0.898). A recent retrospective study confirmed that
LS and SS measured by MRE are strongly associated
[53]
with the presence of EV . However, all these studies
cannot confirm a direct correlation between SS and
hepatic vein pressure gradient (HVPG) because the
measurement of HVPG was not performed and the
presence of PH was only assessed indirectly by the
presence of EV at endoscopy. Only in animal models a
strong correlation was reported (r > 0.80) between SS
[54]
measured with MRE and HVPG .
[55]
A more recent study
showed that the per
formance of SS by MRE for the detection of liver
cirrhosis was good (AUROC of 0.87 and 0.92 using
single-driver and dual-driver configuration, the latter
possibly allowing the simultaneous estimation of LS
and SS) but the cut-off values were based on the
retrospective patient cohort and the diagnosis of liver
cirrhosis was based on clinical history and imaging
findings. In addition, the cost and limited availability
of MRE actually restrain its use for SS determination in
individual patients in the daily clinical practice.

and invasive procedure that requires physicians and
pathologists to be sufficiently trained in order to obtain
[56]
adequate and representative results . Recently, the
determination of liver stiffness by different electrographic
techniques (TE and ARFI techniques) has been shown to
be a reliable non-invasive predictor of disease severity in
chronic liver disease of different etiologies.
Owing to the known relationship between severe
chronic liver disease and splenic involvement, in the
recent years several studies investigated the role of SS
in assessing liver fibrosis as an attractive alternative to
[57,58]
liver stiffness
.
Using TE several studies have showed signifi
cantly higher SS values in cirrhotic vs non-cirrhotic
[20-22]
[20]
patients
. A study by our own group
was
conducted on 132 patients with chronic liver disease,
48 patients being with hematological disease and 64
healthy controls. In the CLD patients SS showed very
good diagnostic estimates in predicting fibrosis stage
(Table 1). In particular for the diagnosis of liver cirrhosis
using a cut-off value of 46 kPa the sensitivity was 89%,
the specificity 78%, with corresponding LR+ 4.5 and
[28]
LR- 0.1 and AUROC 0.84. In the study by Bota et al
using pSWE the overall diagnostic accuracy of SS in
diagnosing the presence of cirrhosis showed an AUROC
[39]
of 0.91. In Grgurevic et al ’s study the ratio between
LS and SS is used as an additional indicator of cirrhosis
because with liver fibrosis progressing the difference
between LS and SS decreased. The study by Cabassa et
[30]
al showed that if spleen and liver ARFI were combined
in a sequential modality even higher accuracy would
be achieved. Similarly, to LS the diagnostic accuracy of
SS is higher for severe liver fibrosis (F3/F4) than from
[29,30]
early fibrosis
. All these data suggest that SS can be
used as an alternative (especially in patients whose liver
stiffness determination is not obtainable or is unreliable)
or adjunctive diagnostic approach to stage liver fibrosis.
However, as of SS, differently to LS, neither large cohort
studies nor meta-analyses are available to confirm and
validate this technique. Further studies are needed to
confirm these interesting data.
The diagnostic estimates for SS determination
reported in the primary studies are summarized in
Table 2.

The role of ss in the assessment of liver fibrosis

The prognosis of chronic liver diseases (CLD) of any
aetiology is driven by the liver fibrosis stage, a reliable
predictor of cirrhosis. Liver biopsy has traditionally
been considered the reference method for evaluating
and staging hepatic fibrosis but it is an expensive
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The role of SS in the assessment of PH and in the
detection of esophageal varices

PH is a typical condition of advanced chronic liver
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Table 2 Primary studies assessing the role of spleen elastography in the staging of liver severe fibrosis/cirrhosis
Ref.

Technique
[29]

Chen et al , 2012 (prospective)
Fraquelli et al[20], 2013 (prospective)
Cabassa et al[30], 2015 (prospective)
Bota et al[28], 2010 (prospective)
Grgurevic et al[39], 2015 (prospective)

ARFI
TE
ARFI
ARFI
RT-2D SWE

Cut-off Patients
3.32
46.00
3.05
2.51
24.00

163
110
51
67
66

Sens

Spec

LR+

LR-

PPV

NPV

AUROC

80.0
89.0
73.0
85.2
66.7

88.4
78.0
84.0
91.7
86.7

6.9
4.5
4.5
10.2
5.01

0.23
0.10
0.32
0.16
0.38

55.5
54.7
91.0
73.3
75.0

96.0
95.0
77.0
87.1
81.3

0.93 (0.89-0.97)
0.84 (0.76-0.92)
0.80 (0.68-0.93)
0.910
0.821

ARFI: Acoustic radiation force impulse; AUROC: Area under receiver operative curves; LR+: Likelihood ratio positive; LR-: Likelihood ratio negative; RT
2D-SWE: Real-time two-dimensional shear-wave elastography; TE: Transient elastography; PPV: Positive predictive value; NPV: Negative predictive value.

disease leading to the formation of EV and other
severe complications, such as ascites, portosystemic
[59,60]
encephalopathy and sepsis
. Therefore, this
condition is one of the most important causes of
[61]
morbidity and mortality in patients with liver cirrhosis .
Nowadays the reference standard methods to diagnose
the presence and grade of PH and EV are HVPG
and upper endoscopy, respectively: however, both
techniques are invasive, expensive and perceived as
unpleasant by patients. Therefore, in the last years
several non-invasive methods have been proposed
to predict the degree of PH and the presence of
esophageal varices. In this regard, several serum
biomarkers and ultrasound Doppler signs have been
studied. Regarding biomarkers, when used as a
single test, their diagnostic accuracy was not optimal
[62]
in clinical practice . Platelet count combined with
spleen diameter, known as Giannini’s score, showed
[63]
good accuracy in excluding the presence of EV
but
not many studies have evaluated the relationship
between Giannini’ s score and the degree of PH. The
[64]
study by Colecchia et al
found that its AUROC was
inferior compared with other parameters, such as
spleen stiffness (AUROC 0.857 vs 0.941). Regarding
ultrasound signs they were highly specific to the
diagnosis of cirrhosis and the presence of PH but their
sensitivity was quite low especially leading to a high
rate of false negative results especially in compensated
[65]
cirrhosis patients . In addition, several studies have
showed a relevant inter-observer and inter-equipment
[66-68]
variability among different diagnostic centers
.
More recently, there has been considerable interest
in the potential use of LS and SS measurements
in the detection of significant PH and the prediction
of any presence of esophageal varices. One of the
determinants of PH is liver fibrosis and LS has proved to
correlate strongly with portal pressure as measured by
[69,70]
HVPG
and it may predict clinical decompensation in
[71]
compensated cirrhotic patients . However, when HVPG
values exceed 10-12 mmHg, which are the threshold of
clinically significant PH and the development of varices,
portal pressure becomes largely independent from
liver fibrosis. Accordingly, the ability of liver stiffness to
[70]
predict the presence and grade of EV is not optimal .
Indeed, on considering the physiopathology of PH,
in its earlier phases PH depends on the accumulation
of fibrillar extracellular matrix, whereas in the later
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phases the dynamic component related to hyper
dinamic circulation and splanchnic vasodilatation
become predominant. Splenomegaly plays an
important role in the pathophysiology of PH even if it is
not clear whether splenomegaly occurs only because
of spleen congestion caused by the PH or, according
to more recent theories, because of an increase of
splanchnic inflow. Indeed, a proliferation of fibrotic
hyperplastic components, a hyperactivation of the
splenic lymphoid tissue and an increased angiogenesis
have been found in the enlarged spleen of rat models
[72]
with PH induced by portal vein ligation .
According to these physiopathogenetic consi
derations and the anatomic changes that occur at the
level of the spleen in cirrhotic patients, spleen stiff
ness has recently received considerable attention as a
potential indicator of PH.
[73]
In an animal model Nedredal et al
performed
MRE to assess SS and direct HVPG measurements and
showed a positive correlation between SS and direct
2
portal vein pressure gradient (r = 0.86, P < 0.01). In
[74]
the study by Hirooka et al
60 patients with chronic
liver disease of mixed etiology underwent LS and
SS measurements by real-time tissue elastography,
HVPG determination and upper endoscopy. Among
the parameters associated with HVPG, the correlation
was closer with SS (r = 0.854) than with LS (r = 0.51)
(p < 0.0001). At multivariate analysis SS was the
only independent predictor of HVPG ≥ 12 mmHg (OR
[74]
= 17.7; 95%CI: 2.6-765; p = 0.040) . Similarly,
[75]
Stefanescu et al
found a good correlation between
SS and EV using a SS cut-off value of 52 kPa (AUROC
0.74) and showed that using both LS and SS the
presence of EV is correctly predicted with an overall
diagnostic accuracy of about 90%.
[64]
In the study by Colecchia et al , 100 patients with
HCV-related cirrhosis were consecutively investigated
by transient elastography and HVPG: LS and SS
significantly correlated with HVPG values and accurately
predicted both the degree of PH assessed by HVPG
2
(r = 0.85) and the presence of esophageal varices.
Moreover, LS and SS at multivariate analysis resulted as
the only independent predictors of esophageal varices.
Using a SS cut-off value of 41.3 kPa the LR- was 0.029,
showing that the test accurately ruled out the presence
of esophageal varices and therefore can be efficiently
used in a screening strategy.
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In a study carried out by our own group we have
[20]
confirmed these data . In our study SS used as a
single test or in combination with LS, accurately has
ruled out the presence of esophageal varices (NPV of
100%) using a SS cut-off value < 48 kPa. Also the
[76]
study by Sharma et al , using TE, found that HVPG
was significantly correlated with SS (r = 0.433, P =
0.001) but not with LS (r = 0.178, P = 0.20) and
using a cut-off value of 40.8 kPa the technique showed
a sensitivity of 94%, a specificity of 76%, LR+ and
LR- and PPV of 91%, NPV of 84% and a diagnostic
accuracy of 89%: Furthermore, the authors found that
SS was significantly higher in patients who had large
varices (P = 0.001) and variceal bleeding (P = 0.001).
Later on, in order to better predict the degree of
[21]
PH, Calvaruso et al used a modified software version
for TE, with a range between 1.5 and 150 kPa. As
expected, patients with values of 75 kPa by standard
TE had mean values of modified spleen TE of 117 kPa
(range 81.7-149.5 kPa); linear regression revealed
a significant correlation between modified spleen TE
and esophageal varix size (r = 0.501; b: 0.763; SE
0.1444; p < 0.001). At multivariate analysis only
modified SS and AST/ALT ratio resulted independently
associated with grade 2/grade 3 EV and, compared to
other non-invasive tools in diagnosis of the presence of
large EV, modified SS performed better. The best cutoff value of modified SS for predicting the presence
of large EV, identified on the ROC curve as the point
that maximizes sensitivity and specificity, was 54 kPa
[21]
(AUROC 0.82; NPV of 90%) . Using modified spleen
[22]
stiffness measurements, Stefanescu et al
reported
similar results: a cut-off value of 75 kPa predicted the
presence of large EV with an AUROC 0.90; NPV 100%.
Despite their interesting results the authors stressed
the concept that the correction of SS values using a
calculation algorithm in the post-processing of each
elastogram improves the SS measurement but better
results would have to be obtained using a dedicated,
modified probe and software installed on the Fibroscan
device.
According to the results of the above mentioned
studies, the diagnostic accuracy of spleen stiffness
measurement to rule out the presence of PH was
higher than that of liver stiffness and other noninvasive ultrasound signs. In particular in their study
[64]
Colecchia et al observed a better diagnostic accuracy
of SS in diagnosing the presence of EV (AUROC 0.94)
as compared to PSR (platelet spleen diameter ratio)
(AUROC 0.86) (p = 0.05). For the detection of PH
again SS showed a better accuracy in diagnosing
HVPG >10 mmHg [AUROC 0.96 vs LSPS (LS × spleen
diameter/platelet count) = 0.91 (p = 0.05) and vs PSR
= 0.84 (p = 0.007)] and in diagnosing a HVPG > 12
mmHg [AUROC 0.96 vs LSPS = 0.90 (p = 0.048) and
vs PSR = 0.82 (p = 0.003)]. Greater performance of
SS compared to PSR and LSPS emerged also in the
[76]
study by Sharma et al , especially in differentiating
patients with large vs small varices. No US Doppler
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signs were considered in these studies among the
non-invasive tests probably because they are highly
specific to the diagnosis of cirrhosis and PH, but their
sensitivity is relatively low, especially in compensated
[65]
cirrhotic patients .
[77]
Singh et al
recently carried out a meta-analysis
that evaluated the diagnostic accuracy of SS in pre
dicting EV and included a total of 12 studies including
1497 patients with chronic liver disease. The analysis
found a moderate SS accuracy in detecting the presence
of EV (sensitivity 78%, specificity 76%; LR+ 3.4, LR- 0.2,
AUROC = 0.86). Similarly, the diagnostic performance
of SS in detecting the presence of clinically significant
EV was moderate (sensitivity 81%, specificity 66%)
even if the rate of false positive and negative results
was far from optimal. The heterogeneity of the results
among the studies can be related to either differences in
the elastographic techniques or geographical differences
among the studies (e.g., Asian and European popu
lations). No significant differences were observed in the
diagnostic accuracy of SS measurements according to
the etiology of chronic liver disease but the different
techniques used prevent any possible conclusion.
Table 3 summarizes the main studies that assessed
SS measurement as non-invasive test to predict the
presence of PH and/or EV.
Finally, limited data is available to date about the
reproducibility of the technique and the definition of
its methodological standards thus further evidence is
needed in this field.
In conclusion, the current techniques for SS
determination, even if very promising, are still suboptimal to replace upper endoscopy as the screening
modality of choice to detect any presence of EV.
Recently the Faculty of Baveno VI recommended
the determination of LS by TE plus platelet count to
identify among patients with compensated advanced
chronic liver disease those who can safely avoid
screening endoscopy. According to this suggestion,
the patients with a LS < 20 kPa and with a platelet
count > 150000 have a very low risk of having varices
requiring treatment and can avoid endoscopy (level of
[78]
evidence 1b; A) . Several studies are presently on
going with the aim of corroborating these data.
Considering the recent finding, SS too should
probably be included in these recommendations,
especially in the presence of possible confounders of
LS determination, when LS measurement is inaccurate
or a complementary test. Again further evidence is
needed in this area.
Furthermore, it is reasonable to think that com
posite scores or diagnostic algorithms involving both
LS and SS can potentially improve diagnostic accuracy
in the prediction of PH and consequentially can
avoid the use of other invasive and more expensive
examinations.
A few preliminary studies evaluated the correla
tion of SS and portal pressure before and after the
placement of a transjugular intrahepatic portosystemic
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Table 3 Primary studies assessing the role of spleen elastography for the detection of esophageal varices
Ref.
Stefanescu et al[75], 2011
(prospective)
Hirooka et al[74], 2011
(prospective)
Bota et al[85], 2012
(prospective)
Colecchia et al[64], 2012
(prospective)
Vermehren et al[86], 2012
(prospective)
Calvaruso et al[21], 2013
(prospective)
Fraquelli et al[20], 2013
(prospective)
Sharma et al[76], 2013
(prospective)
Takuma et al[87], 2013
(prospective)
Takuma et al[88], 2016
(prospective)

Technique

Cut-off

n

Prevalence

Sens

Spec

LR+

LR-

PPV

NPV

AUROC

TE

46.4

174

85%

83.5

71.0

2.90

0.23

93.8

45.5

0.780

RT-SWE

8.24

60

43%

96.0

85.0

6.40

0.04

83.0

97.0

0.91 (0.873-0.99)

ARFI

2.55

140

43%

96.7

21.0

18.00

0.15

47.6

89.4

0.578

TE

55.00

100

53%

71.7

96.0

17.00

0.29

95.3

75.2

0.941 (0.90-0.98)

ARFI

4.13

166

36%

35.0

83.0

2.06

0.78

54.0

69.0

0.58 (0.49-0.67)

TE

50.00

96

56%

65.0

61.0

1.70

0.60

69.0

57.0

0.701

TE

48.00

26

42%

100.0

60.0

2.50

0.01

33.5

98.7

0.90 (0.79-1.00)

TE

40.80

200

71%

94.0

76.0

3.90

0.08

91.0

84.0

0.89 (0.84-0.95)

ARFI

3.18

340

38.8%

98.5

60.1

2.46

0.02

61.0

98.4

0.93 (0.90-0.96)

ARFI

3.36

60

40%

95.4

77.8

4.31

0.05

74.2

96.6

0.93 (0.84-0.98)

ARFI: Acoustic radiation force impulse; AUROC: Area under receiver operative curves; LR+: Likelihood ratio positive; LR-: Likelihood ratio negative; RT
2D-SWE = Real-time two-dimensional shear-wave elastography; TE: Transient elastography; PPV: Positive predictive value; NPV: Negative predictive
value.
[79]

shunt (TIPS). Gao et al
using pSWE showed a
statistically significant difference in mean SS values pre
and post TIPS placement (p < 0.001) while mean LS
post-TIPS value did not significantly differ from those
measured pre TIPS placement. Other studies obtained
[80,81]
similar results
suggesting a potential role of spleen
elastography to confirm shunt effectiveness and
indicate successful portal vein pressure reduction after
TIPS placement. While interesting, all these studies
had a very small sample size (10-12 patients), SS
was measured only over a short period (< 10 d) and
inter and intra-observer variability were not taken into
[82]
account. Furthermore, in a recent study Novelli et al
evidenced a mean SS values reduction in only 58% of
the patients who underwent TIPS even if all patients
had a reduction in the portosystemic gradient to less
than 12 mmHg. In addition, the analysis showed
no measurable correlation between SS and portal
venous pressure before and after TIPS placement.
Thus, further studies are warranted to determine the
feasibility and the role of SS in the surveillance of TIPS
function.
Finally, one can anticipate that interesting preliminary
results would occur in the use of SS to assess changes
in portal pressure after liver transplantation reflecting
[83]
the resolution PH .

compensated HCV-related cirrhosis, investigated with
laboratory tests, spleen diameter, LS and SS (by TE),
HVPG and EGD and followed up for 2 years. Patients
on antiviral, beta blocker or diuretic treatment with
previous clinical decompensation were excluded.
At multivariate analysis the only two independent
predictors of complications were SS and Model for
End-Stage Liver Disease score (MELD): p = 0.0001,
p = 0.014. The authors elaborated predictive models
to detect patients with low risk of decompensation
involving SS and MELD or only SS. Considering the
simplified model including only SS, the patients with
SS values lower than 54 kPa are at low risk (< 3%) of
events at 2 years (Se 97%, LR- 0.05, NPV 97%). Also
in their study the predictive accuracy of SS (alone or
with MELD) measured by the c index does not seem
to be higher than to that of HVPG but the presence
of varices or other PH non-invasive tests and even
HVPG could not provide any adjunctive information:
53.3% of patients had already small varices at
their enrollment but the effect of SS on the primary
outcome was independent from the presence of EV
(interaction SS and EV p = 0.232).
Similar findings were observed also in the study
[23]
by Radu et al
who used modified SS (by analysis of
each elastogram to obtain an increment of the scale
up to 150 kPa) performed on fifty-two compensated
cirrhotic patients followed-up for above 13 mo. In their
study the authors also calculated a decompensation
prediction score involving modified SS, albumin and
bilirubin, and found the best cut-off value for predicting
liver decompensation (AUROC = 0.70, 95%CI:
0.53-0.85). In that paper a SS cut-off value was not
clearly expressed and patient characteristics (diuretic,

The role of spleen stiffness in the assessment of the
complications of cirrhosis

Considering the recent data supporting the correlation
between SS measurements and HVPG levels and
considering that HVPG measurement represents the
best predictor of clinical decompensation in cirrhotic
[84]
patients, Colecchia et al
prospectively enrolled 92
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beta-blocker, antiviral treatment) were not adequately
detailed.
Despite these interesting results, those studies
presented some limitations, for example a small
sample size in Radu’s study and the short follow-up
period in both studies.

define the quality criteria and the diagnostic per
formance of spleen elastography techniques in clinical
practice.
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REVIEW

Interaction of obesity and inflammatory bowel disease
Jason W Harper, Timothy L Zisman
matory condition of unknown etiology that is thought to
result from a combination of genetic, immunologic and
environmental factors. The incidence of IBD has been
increasing in recent decades, especially in developing
and developed nations, and this is hypothesized
to be in part related to the change in dietary and
lifestyle factors associated with modernization. The
prevalence of obesity has risen in parallel with the rise
in IBD, suggesting a possible shared environmental
link between these two conditions. Studies have
shown that obesity impacts disease development and
response to therapy in patients with IBD and other
autoimmune conditions. The observation that adipose
tissue produces pro-inflammatory adipokines provides
a potential mechanism for the observed epidemiologic
links between obesity and IBD, and this has developed
into an active area of investigative inquiry. Additionally,
emerging evidence highlights a role for the intestinal
microbiota in the development of both obesity and
IBD, representing another potential mechanistic
connection between the two conditions. In this review
we discuss the epidemiology of obesity and IBD,
possible pathophysiologic links, and the clinical impact
of obesity on IBD disease course and implications for
management.
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Core tip: Epidemiologic studies have shown a parallel
rise in the prevalence of obesity and immune-mediated
conditions, including inflammatory bowel disease
(IBD). This association may be related to share dietary
or environmental exposures that exert their effect
through changes in the intestinal microbiota. Several
lines of evidence demonstrate that obesity is a proinflammatory condition that impacts the incidence,
disease course and response to therapy in patients with
IBD. Exploring the mechanisms of interaction between
obesity and IBD advances our understanding of IBD

Abstract
Inflammatory bowel disease (IBD) is a chronic inflam
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and opens up a potential role for weight loss and
weight maintenance strategies in the management of
IBD.
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Figure 1 Proposed etiologic links between obesity and inflammatory
bowel disease.

INTRODUCTION

is a relative paucity of population-level studies reporting
the prevalence of obesity among individuals with IBD,
but reports from various IBD cohorts in both pediatric
and adult populations would suggest that the current
prevalence of overweight and obese IBD patients
approximates that of the general population, being
[12-15]
approximately 20%-30%
. Furthermore, when
looking at the weight distribution of individuals recruited
to participate in clinical trials for Crohn’s disease, there
has been a clear trend in increasing weight over the
past two decades, from a minimum mean BMI of 20.8
2
kg/m in 1992, to a maximum mean BMI of 27.0 in
2
2001, and a weakly positive linear trend (r = 0.14) of
increasing BMI among study participants throughout
[16]
this period of time .
As to whether or not obesity - as reflected by the
body mass index-is an intrinsic risk factor for the
development of de novo IBD, a large prospective
cohort (EPIC) of European adults demonstrated no
such association, after adjustment for smoking status,
physical activity and total caloric intake as assessed by
food frequency questionnaire. Among those individuals
with incident IBD in this cohort, BMI was not associated
with phenotypic disease expression (Crohn’s vs
[17]
ulcerative colitis), nor disease location/extent . An
earlier retrospective cohort of incident IBD diagnoses
in adults, compared to an older (age 50-70 years)
non-IBD control cohort, suggested a higher rate of
obesity at diagnosis in the IBD patients (OR = 2.0,
[18]
P = 0.01) . More recently published data from the
Nurses’ Health Study demonstrated a greater than
two-fold increased risk of developing Crohn’s disease
among obese women; furthermore, an association was
also observed between body morphology (as reflected
by participants’ waist-hip ratio as adolescents) and
future development of Crohn’s disease in this cohort.
No such relationship between BMI or anthropometric
measurements of obesity was seen with incident UC in
[19]
this same study . Another cohort of women recruited
in Denmark also demonstrated an increased risk of
Crohn’s disease among obese individuals, with no such
[20]
relationship seen with ulcerative colitis . Perhaps
accounting for the discrepancy between the data from
the EPIC study and the Nurses’ Health study is the
fact that the EPIC cohort described above was much

Obesity - the chronic medical condition defined
generally as excessive body fat mass leading to
deleterious health outcomes - has emerged as one
st
of the leading global public health issues of the 21
century. In the United States, according to data from
the National Health and Nutrition Examination Survey
(NHANES), approximately 30% of adults are obese,
as defined by having a body mass index (BMI) greater
2[1]
than 30 kg/m . World Health Organization estimates
of the prevalence of overweight or obese individuals
2
(BMI > 25 kg/m ) approximate 35% of the global
population, with increases over time demonstrated
[2]
in both developed and developing nations . The
global cost of treating obesity and its resultant health
[3]
complications may be as much as $2 trillion (US) .
Although obesity was once considered uncommon
in IBD, the prevalence of obesity in IBD has risen in
parallel with the general population. Several lines of
evidence support a biologically plausible connection
between adiposity and IBD (Figure 1). Understanding
the interaction between obesity and IBD with regard to
disease pathogenesis, phenotypic disease expression
and response to therapy has important implications for
management.

EPIDEMIOLOGY OF IBD AND OBESITY
Temporal trends have demonstrated an increase in IBD
incidence across the globe over the latter half of the
th
[4]
20 century . A number of environmental factors have
been postulated to be associated with this, concordant
with the long-noted observation that IBD is more
prevalent in developed, as opposed to developing,
nations. These disparate factors have included smoking
[5]
(for Crohn’s disease incidence) , improved levels of
[6]
[7,8]
hygiene , alterations in the intestinal microbiome ,
and dietary changes associated with an industrialized
lifestyle, including increased intake of linoleic acid,
increased intake of animal fat/protein and decreased
[9-11]
dietary fiber intake
. Given the rising incidence of
both IBD and obesity - as well as the interplay between
some of the aforementioned risk factors common to
both conditions-an epidemiologic interaction between
the two conditions has been postulated. To date there
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Table 1 Clinical impact of obesity on inflammatory bowel disease
Medical therapy

Surgical therapy

Decreased clinical response to azathioprine[77]
Earlier time to 1st surgery[15]
Lower 6-thioguanine levels on treatment with Higher rate of perioperative complications[112,114,119-121]
azathioprine[78]
Decrease likelihood of response to
Increased need for conversion from laparoscopic to
adalimumab[83]
open surgery[113,118]
Shorter time to loss of response to infliximab[92]

Natural history and disease complications
Conflicting data:
Higher prevalence of perianal disease[22]
Lower prevalence of penetrating disease[24]
Increased hospitalization[22]
Decreased IBD-related quality of life[23]
Decreased healthcare utilization[14]

IBD: Inflammatory bowel disease.

older (median age 52) compared to the American and
Danish cohorts (median age 35 and 30 respectively),
and of course, the American and Danish cohorts were
entirely female, as compared to a roughly equal sex
distribution in the EPIC cohort. If there is in fact an
increased risk of developing IBD intrinsic to obesity,
this risk may interact with age and sex. Adding to
the biologic plausibility of an etiologic link between
adiposity and IBD, other studies have demonstrated
that obesity is associated with an increased risk of
developing other autoimmune conditions such as
rheumatoid arthritis and psoriasis, that share similar
[21,22]
genetic and immunologic mechanisms with IBD
.

which may have obscured the association between
obese and normal weight patients by including
sicker patients in the comparator group. Data from
a prospective registry of Crohn’s patients showed a
lower rate of penetrating disease activity among obese
individuals with Crohn’s disease, after adjustment for
factors such as smoking, age, baseline inflammatory
activity and genetic risk profile; this same study
showed no major difference in the rate of perianal
disease or surgery among obese vs non-obese
[25]
Crohn’s patients . Among patients with ulcerative
colitis, retrospective cohort data has been published
2
suggesting that overweight (BMI > 25 kg/m ) patients
may have a less complicated clinical course than
2
normal-weight or underweight (BMI 18-24 kg/m and
2
[26]
< 18 kg/m respectively) patients . In a prospectively
recruited cohort of IBD patients in Ireland, obese
patients with Crohn’s disease were on average found
to be older, less physically active, to have lower CDAI
scores and higher C-reactive protein levels than their
non-obese counterparts. Smoking status, age at
diagnosis, need for surgery and corticosteroid use did
[27]
not differ between groups .
Special mention should be made about the potential
interaction between diabetes and inflammatory bowel
disease independent of obesity, given the strong and
well-described association between obesity and type
2 diabetes. Individuals with IBD (UC specifically)
may be at higher risk of developing de novo diabetes
according to a large UK cohort, even after adjustment
for concurrent glucocorticoid usage and baseline
[28]
BMI . Co-morbid diabetes among IBD patients has
been associated with higher rates of infection on
immunomodulatory therapy, hospitalization and need
[29-31]
for surgery over time
.
All of the aforementioned studies have used body
mass index as the surrogate marker of adiposity, and
as yet, we have much less data about the interaction
between other markers of obesity, such as volumetric
analysis of visceral fat, and IBD outcomes. One small
retrospective study of individuals with Crohn’s disease
demonstrated that individuals with higher relative
amounts of mesenteric fat, as defined by the ratio
between their visceral and subcutaneous fat area
on cross-sectional imaging, had significantly higher

RELATIONSHIP BETWEEN OBESITY AND
IBD OUTCOMES
There are mixed data regarding the impact of obesity
on IBD-related health outcomes (Table 1). Co-morbid
obesity has been linked to an earlier time to first
surgery among patients with Crohn’s disease in one
retrospective registry, with no difference noted in the
overall number of surgeries or the need to escalate
[15]
medical therapy over time between groups . In a
retrospective study of French IBD patients, obese
individuals with Crohn’s disease were suggested to
have a higher rate of perianal disease, and a more
[23]
frequent need for hospitalization . A more recent
retrospective cohort of IBD patients, approximately
40% of whom had UC, showed no association
between BMI and need for surgery, hospitalization
or medication escalation across BMI categories, after
adjustment for obesity-related health conditions such
as hypertension or diabetes. However, increased BMI
was associated with more subtle indicators of active
disease, including increased C-reactive protein levels
(which was controlled for in this analysis in regard to
IBD outcomes) as well as a significant decrement in
[24]
IBD-related quality of life measures . Another recent
study of a mixed IBD (CD + UC) population showed
conflicting results with decreased rates of surgery or
hospitalization, as well as decreased use of anti-TNF
[14]
biologic therapy, among obese IBD patients . In this
study, however, underweight patients were grouped
together with normal weight patients for the analysis,
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Table 2 Immunologic effect of adipokines
Adipokine

Levels in obesity

Immunologic effects

Overall effect

Adiponectin

Decreased

Anti-inflammatory

Leptin

Increased

Resistin

Increased

Decreases TNF-α, IFNg, IL-6
Inhibits VCAM-1, ICAM-1 expression
Increases IL-10, IL-1RA
Promotes proliferation of Tregs
Antagonizes NF-κB pathway
Increased activation and proliferation of monocytes and macrophages
Increased IL-6, TNF-α, IL-12
Activates NK cells
Activates NF-κB pathway
Promotes Th1-differentiation
Inhibits proliferation of
Tregs
Increases IL-6, IL-12, TNF-α

Pro-inflammatory

Pro-inflammatory

TNF-α: Tumor necrosis factor-α; NF-κB: Nuclear factor-κB; IFNg: Interferon g.

rates of fibro-stenotic or penetrating disease behavior.
This observation differs from the aforementioned
finding of less penetrating disease among obese
IBD patients when solely BMI is used to define
[32]
obesity . Prospective data are lacking with regard
to the potential interaction between obesity and IBD
complications that are independently associated with
both conditions, such as venous thromboembolism;
cholelithiasis and hepatic steatosis; cardiovascular
disease; and, perhaps most importantly, colorectal
[33-36]
cancer
. Also confounding the relationship between
obesity and IBD outcomes is the observation that
increased visceral adiposity may be associated with
[37]
a higher risk of irritable bowel syndrome . This
interaction could confound the interpretation of
studies that suggest that obese IBD patients have
a less complicated clinical course, if some of their
symptoms over time are in fact accounted for by
a higher prevalence of co-morbid functional bowel
disease, which should be associated with less need for
medication escalation or surgery.

better than BMI as predictors of adverse health
[40-42]
outcomes
. A glaring deficit in the current literature
regarding IBD and obesity has been the general
reliance on the BMI as the sole marker of obesity,
and lack of validation of the standard BMI categories
of overweight or obesity as clinically relevant
cutoffs in IBD. As addressed in this review in later
sections, it may be that adipose distribution is more
clinically significant than overall body size. As such,
incorporation of multiple domains of obesity to reflect
the differences between health outcomes and body
fat distribution, would help elucidate the interaction
of obesity and IBD by minimizing the confounding
effect of individuals with elevated lean body mass who
happen to have BMI values that may place them in the
operational categories of “overweight” or even obese,
or whose adipose distribution is predominantly intraabdominal, vs peripheral, fat.

DEFINITION OF OBESITY

Far from being an inert repository of excess calories,
adipose tissue is responsible for the secretion of a
number of pro- and anti-inflammatory cytokines, some
of which are unique to this tissue type and which have
been labeled adipokines (Table 2). A full discussion
of the complex relationship between adipokines and
autoimmune conditions including IBD is beyond the
scope of this discussion, but some intriguing points are
worth reviewing.
Adiponectin is a 30 kD protein produced almost
exclusively by adipocytes and has complex interactions
with multiple inflammatory pathways; interestingly, it
shares some degree of structural homology with tumor
necrosis factor-alpha (TNF-α), a cytokine intrinsically
[43]
involved in the pathogenesis of IBD . Adiponectin
appears to exert anti-inflammatory effects, with
evidence of antagonism of pathways that TNF-α
[44]
promotes, such as the nuclear factor-κB pathway .
Interestingly, increased expression of adiponectin

OBESITY AS A PRO-INFLAMMATORY
STATE

One of the ongoing challenges in trying to elucidate the
interaction between obesity and health outcomes has
been the lack of consensus regarding a standardized
definition of obesity. For its ease of use, the body
mass index (BMI), a simple adjusted ratio of weight
to height, has been used as the operational definition
2
of obesity when it exceeds 30 kg/m . As an isolated
measure, the BMI does predict broad health outcomes
such as all-cause mortality at higher categories of
2
obesity (such as BMI > 35 or 40 kg/m ), but performs
poorly (and may indicate lower all-cause mortality)
when it is considered among individuals presently
2 [38,39]
defined as “overweight” (i.e., BMI > 25 kg/m )
.
Multiple studies have demonstrated that various
anthropometric measurements of obesity - such as the
waist-to-hip circumference ratio or volumetric analysis
of abdominal fat via cross-sectional imaging-perform
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has been found in the so-called “creeping fat” of
patients with active Crohn’s disease when compared to
mesenteric fat from patients with UC and with colonic
adenocarcinoma; however, adiponectin concentrations
were found to be lower in the mesenteric fat of CD
patients with internal (e.g., entero-enteral) fistulas
[45]
compared to individuals with non-fistulizing disease .
In one study, circulating adiponectin levels appear
to be increased among UC patients as compared to
[46]
both CD patients and healthy controls . Another
study demonstrated reduced circulating levels of
adiponectin in individuals with both active and inactive
IBD compared to healthy controls; curiously, this
same study demonstrated that hyperinsulinemia in
the absence of hyperglycemia was independently
associated with a higher likelihood of clinical remission
in IBD patients (in tandem with decreased circulating
[47]
adiponectin levels) . Circulating adiponectin levels in
patients with IBD treated with infliximab do not seem
[48]
to be affected pre- and post-treatment .
Leptin was one of the originally identified adipokines,
and appears to have a number of pro-inflammatory
effects; it is also one of many adipokines that plays a
role in appetite modulation and energy homeostasis.
Increased serum leptin levels are directly associated
with total body fat mass, and leptin in general has a
pro-satiety effect on appetite centers in the hypothala
[49]
mus . Leptin appears to increase the secretion of
pro-inflammatory cytokines, such as IL-1, IL-6 and
TNF-α, and synergistically, pro-inflammatory cytokines
[50,51]
promote leptin expression in inflamed tissue
.
Several studies have demonstrated lower serum leptin
levels, when adjusted for body weight, in patients with
IBD compared to healthy controls, in both pediatric
[46,52]
and adult populations
. Treatment with infliximab in
patients with IBD does not appear to modify circulating
[48]
serum leptin levels .
Resistin is another adipokine with complex rela
tionships with inflammatory pathways: in humans,
it is produced by adipocytes as well as by cells in the
reticuloendothelial system (e.g., splenic monocytes/
macrophages). As with leptin, studies have demonstrated
that resistin stimulates the production of pro-inflammatory
cytokines such as TNF-α and IL-12, and that in turn,
pro-inflammatory cytokines appear to induce resistin
[53,54]
expression
. Multiple studies have demonstrated
elevated serum resistin levels in patients with IBD (both
[38,40,55]
UC and CD)
. Unlike with adiponectin or leptin,
serum resistin levels are seen to decrease in humans
[42,56]
with IBD treated with infliximab
.
Mesenteric fat itself, along with producing both proand anti-inflammatory adipokines, is also a source of
multiple pro-inflammatory cytokines that are integral
to the inflammatory cascade involved in IBD, such as
TNF-α and IL-6. In obese individuals, visceral adiposity
as assessed by volumetric cross-sectional imaging
analysis directly correlates with circulating IL-6 levels,
[57]
and BMI is associated with C-reactive protein levels .
The “creeping fat” associated with Crohn’s disease
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has received increasing attention as an intrinsic
component of the inflammatory dysregulation that
predisposes to transmural inflammation, rather than
an epiphenomenon coincidental to this process. For
instance, TNF-α gene expression can be demonstrated
in the mesenteric fat of patients with active Crohn’s
disease, whereas this expression is not demonstrated
[58]
in healthy controls . Pre-adipocytes isolated from
mesenteric fat from individuals with IBD also express
IL-17 upon binding of substance P to the neurokinin-1
[59]
receptor, as compared to healthy controls . Mesen
teric adipose tissue is also a source of circulating
[60,61]
C-reactive protein in patients with Crohn’s disease
.
Furthermore, when compared to healthy controls,
relative to overall body size, individuals with Crohn’
s disease may have a predilection for accumulation of
intra-abdominal fat relative to subcutaneous fat, seen
in association with reduced serum growth hormone
[62]
levels . In a small randomized clinical trial of pediatric
patients with Crohn’s disease on corticosteroids,
supplemental growth hormone was associated with
improved PCDAI scores and quality of life indices, with
an apparent corticosteroid-sparing effect as well, but
with no significant effect noted on rates of mucosal
[63]
healing . Another small trial looking at adult patients
with Crohn’s disease suggested clinical benefit as
measured solely by the CDAI in individuals receiving
supplemental growth hormone, as compared to
[64]
individuals receiving customary care . To date, no
studies have addressed the question as to whether
changes in mesenteric fat distribution over timeor with targeted interventions designed to reduce
mesenteric fat accumulation-lead to improved clinical
outcomes in patients with IBD.

OBESITY AND THE MICROBIOME
The importance of the human fecal microbiome has
come to the forefront in multiple fields of medicine,
with IBD being a particularly robust demonstration of
the link between the intestinal bacterial (and fungal/
viral) population, and human health. More recent
attention has been paid to the possible links between
the microbiome and human obesity. The gut bacteria
are capable of salvaging undigested foods to sources
of calories usable by their human hosts, and the
permeability of the gut mucosa to bacterial products of
metabolism has been associated with multiple chronic
medical conditions. Using pairs of mono- and dizygotic
twins, it has been shown that obese vs lean individuals
vary according to the diversity of their bacterial
populations, with enrichment in the obese individuals
of bacterial gene products associated with metabolism
[65]
of carbohydrates . Another study including a large
number of twins demonstrated that host genetic
profiles seem to interact with the microbiome, leading
to the selection of a more “obesogenic” bacteriologic
profile; identification of obesity-attenuating bacterial
species, and colonization of germ-free mice with
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those bacteria then leads to attenuated weight gain
[66]
in those same mice . Individuals with reduced co
lonic bacterial diversity-which is a state associated
with IBD in general - also seem to be predisposed to
[67,68]
obesity
. Furthermore, specific bacteria shown to
exert an anti-inflammatory effect on the gut-such as
Faecalibacterium prausnitzii-have been shown to be
[65,69]
lacking in obese individuals without IBD
.
While the specific association between mesenteric
fat distribution and IBD at the level of the microbiota
remains largely undescribed, it is intriguing to pos
tulate that many of the epidemiologic associations
with IBD such as diet and exposure to antibiotics could
be modulated in part through interactions on the gut
microbiome. This area represents a specific deficiency
in our understanding of the pathogenesis of IBD, and
is a ripe area for future investigation.

OBESITY AND IBD PHARMACOLOGY
Despite the increasing prevalence of obesity in
IBD, and the seemingly logical differences in phar
macokinetics that may be expected in obese vs nonobese individuals, the influence of obesity on drug
absorption, distribution, metabolism and excretion
remain poorly understood, and discussion of the
pharmacokinetic effects of obesity is beyond the scope
of this review.
If there are inter-individual differences in drug
effect that are impacted by obesity, pharmacodynamic
differences likely account for the majority of these,
perhaps by virtue of some of the pathophysiologic
changes seen at the level of pro- and anti-inflammatory
pathways described earlier that would interact with IBDspecific drugs. In fact, when considered by class, there
are multiple studies that suggest that obesity does
influence the efficacy of specific drugs commonly used
to treat IBD. The following paragraphs will review this
data by drug class.
A retrospective study of individuals with UC and
CD showed a differential response to azathioprine
administration and discontinuation according to BMI:
2
individuals with UC whose BMI was > 25 kg/m at
initiation had a higher likelihood of exacerbation (as
defined by initiation or increase in corticosteroid
dosage over time) compared to individuals whose
BMI was in the normal range. Among patients with
CD in this study, after discontinuation of azathioprine,
2
individuals whose BMI was > 25 kg/m had a lower
rate of subsequent flare than their counterparts whose
[70]
BMI was in the normal range . A more recently
published retrospective study demonstrated that
obese individuals had mean 6-thioguanine (6-TG)
levels that were significantly lower than their nonobese counterparts, when adjusted for the total
dose of azathiopurine or mercaptopurine they were
receiving relative to total body weight. The rate of
sub-therapeutic 6-TGN levels (as defined according
to standard parameters) in individuals whose BMI
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2

was > 25 kg/m or > 30 kg/m was nearly two-fold
higher than normal BMI individuals, with only about
30%-40% having levels in the therapeutic or supra[71]
therapeutic range .
To date, there have been no studies addressing
whether or not obesity influences the efficacy of
methotrexate in treating IBD or in other similar
autoimmune conditions, but there have been multiple
studies that have shown that obesity and obesityrelated comorbidities increase the likelihood of
developing derangement in hepatic transaminases on
chronic low dose methotrexate therapy in individuals
with rheumatoid arthritis, sometimes requiring dis
[72,73]
continuation of the medication
. Co-morbid diabetes
has been associated with accelerated histologic fibrosis
in individuals with psoriasis treated with long-term low
[74,75]
dose methotrexate
.
The effects of obesity on the response to anti-TNF
therapy have also been investigated, with several
studies in both the IBD and non-IBD populations
that use these medications suggesting a possible
interaction, although this has not been universally
demonstrated. Among the subcutaneously-dosed
anti-TNF agents, retrospective data have suggested
that, along with prior non-response to infliximab
and after adjustment for multiple co-variates, BMI
is a negative predictor of response to adalimumab
[76]
at initiation . This has been confirmed by another
retrospective analysis, showing a roughly two-fold
increase in loss of response to adalimumab among
2
individuals whose BMI is > 30 kg/m compared to
[77]
normal weight individuals . In a post-hoc analysis of
CLASSIC-II data, individuals whose BMI was less than
2
29 kg/m were found to have higher rates of remission
at week 56 than individuals whose BMI was greater
[78]
than that . BMI has also been demonstrated to be a
negative predictor (albeit not a particularly strong one)
of adalimumab trough levels at 28 wk into therapy for
[79]
individuals with Crohn’s disease . Improved response
to adalimumab in patients with psoriasis has also
been demonstrated when stratified by BMI, with a
roughly 20% decrease in partial response rates seen
2
among individuals whose BMI > 30 kg/m compared
[80]
to their non-obese counterparts . There are limited
data to suggest an interaction between BMI and the
other available subcutaneous anti-TNF therapies for
IBD: in the PURSUIT-M trial, the relative effect of
golimumab in maintaining response/remission did
not appear to differ by body weight (BMI was not
reported per-patient), and no interaction between BMI
and maintenance response or remission rates were
[81,82]
reported for certolizumab in the PRECISE-2 trial
.
A trial of weight-based intravenous golimumab in
duction dosing was halted for lack of efficacy: at all
weight-based doses selected, mean trough golimumab
concentrations were lower than corresponding subcu
taneous dosing regimens, however, limiting any infe
rences that could be made about a weight-based
[83]
approach to dosing of this particular agent .
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The relationship between BMI and infliximab - to
date the only anti-TNF agent whose dosing is adjusted
based upon total body weight - has been evaluated
among both IBD and non-IBD populations. From
a pharmacokinetic standpoint, infliximab primarily
distributes in the vascular space, and concordant with
this observation, the apparent volume of distribution
of infliximab in patients with ulcerative colitis (per
data from the ACT 1 and 2 trials) does increase in
proportion to body weight (not BMI, as height data
was not reported for those studies). This observation
could explain the need for increased absolute doses
given to individuals of higher body weight to maintain
[84]
therapeutic drug concentrations . In one of the
aforementioned studies showing an attenuation of
response to adalimumab over time in obese individuals,
no such effect was seen with infliximab according to
[74]
BMI strata . Contrary to that finding, we published a
retrospective analysis of individuals naïve to infliximab
therapy that demonstrated a nearly three-fold increase
in loss of response to infliximab - as primarily reflected
by a need for dose escalation-among obese patients
with Crohn’s disease compared to their non-obese
counterparts, after adjustment for co-variates such
as smoking and corticosteroid usage at initiation of
biologic therapy. A similar relationship was suggested
for patients with UC, but due to small sample numbers,
the effect size magnitude was likely over-stated, and
the observation did not meet statistical significance.
Moreover, changes in absolute weight/BMI over time
(either increases or decreases) also correlated with loss
[85]
of response to IFX over time in this same analysis .
Infliximab trough levels were not available for the
majority of individuals in this study; interestingly, a
more recently published study demonstrated that
BMI was not associated with lower trough levels
of infliximab or adalimumab (although there was
a trend toward lower trough adalimumab levels in
obese patients), suggesting any differential response
among obese patients on anti-TNF therapy would be
a pharmacodynamic, as opposed to pharmacokinetic,
[86]
interaction . Impaired responses to infliximab among
obese patients have also been demonstrated in
individuals with rheumatoid arthritis, psoriasis and with
[87-89]
inflammatory spondyloarthropathy
. Furthermore,
obese patients with rheumatoid arthritis may respond
less well to a second-line anti-TNF agent than their nonobese counterparts; no such comparable data yet exist
[90]
for IBD patients .
In individuals with psoriasis, rheumatoid arthritis
and inflammatory spondyloarthropathy, weight gain
is fairly consistently observed after initiation of antiTNF therapy, driven primarily by gains in fat mass
as opposed to lean body mass when this has been
[91-94]
analyzed
. This should not be surprising, given that
TNF-α is a potent anorexigen with multiple central- and
peripheral effects on weight management and caloric
[95]
intake/expenditure . In one small open label study of
infliximab in Japanese patients with Crohn’s disease -
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all of whom were normal or underweight at enrollment
according to standard BMI criteria - a mean BMI
2
increase of about 1 kg/m was seen over the course of
treatment, and the magnitude of the increase in BMI
was directly correlated with the likelihood of clinical
[96]
response and remission . Among children with IBD,
early use of anti-TNF therapy has been shown to lead
to more significant catch-up growth than the use of
[97]
other classes of therapy . While gains in weight
among under- or normal-weight individuals would be
a desirable outcome in individuals with IBD, we have
no information about the effect of anti-TNF therapy
among already overweight or obese IBD patients.
No data are available about the effects of obesity
on the efficacy of anti-integrin therapies in IBD.
The major IBD clinical trials of natalizumab and
vedolizumab did not stratify response rates according
[98-100]
to body weight
. In patients with multiple scle
rosis, natalizumab levels have been demonstrated to
[101]
be lower in individuals of larger body weight
. In
the vedolizumab trials for both UC and CD, there was
a definite dose-response relationship observed with
vedolizumab trough levels and likelihood of response
and remission in the induction phase; a similar doseresponse relationship was not demonstrated in the
maintenance phases. Further research is necessary
to determine whether individuals with sub-optimal
early response to anti-integrin therapy-perhaps driven
in part by sub-optimal drug levels as a function of
differences in body size and composition-would benefit
from a weight-based induction dosing schedule.
Finally, special mention should be made concerning
the glucocorticoids (GCs) and obesity. Although the
pharmacologic use of glucocorticoids is often blamed
for unintended weight gain, the true obesogenic effect
of glucocorticoid therapy is difficult to determine, due
to substantial heterogeneity in the studies that have
objectively assessed this question. The studies vary
in terms of the indication for GC therapy, the duration
and dose of therapy, and the definition of obesity (e.g.,
changes in body weight or anthropometric changes)
as an outcome measure. Looking at multiple shortand long-term (defined generally as < 8 wk vs > 8
wk of continuous use) studies, variable effects of GC
use on caloric intake, energy expenditure, changes
in body weight and changes in fat- and fat-free mass
[102]
have been demonstrated . Subjectively, weight gain
is reported in about 70% of individuals on chronic
GC therapy, and is the most frequent self-reported
[103]
complication of chronic GC therapy among patients .
To the extent that they exist, the short term metabolic
effects of GCs may be mitigated by the use of GCs with
high first pass metabolism: over 8 wk of use, the mean
weight gain among patients on once daily budesonide
at a dose of 9 mg was 1 kg compared to 2 kg mean
weight gain among individuals on 40 mg prednisolone.
The rate of developing abnormal fat distribution as
reflected by a Cushingoid facial appearance was also
about three-fold higher among prednisolone-treated
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[116]

patients compared to patients treated with ileal-release
[104]
budesonide
. Whether obesity alters the efficacy
or risks of GC therapy remains largely unknown;
furthermore, whether accumulation of intra-abdominal
fat in IBD patients on chronic GC therapy would lead
to worsened long-term outcomes is also unknown, but
would be an intriguing question to investigate.

before elective surgery
, there are no studies
addressing the role of weight loss in obese IBD patients
in advance of elective non-bariatric surgery. Until
such data become available, it would be premature to
recommend any such approach given the nutritional
stresses that occur after major abdominal surgery, and
given that the most common metric to define obesity
(i.e., BMI) does not reliably differentiate lean body mass
from fat mass, and that losses in the former would not
be desirable before or after major IBD-related surgery.

OBESITY AND IBD-RELATED SURGERY
Multiple retrospective studies have demonstrated
a higher rate of post-operative morbidity in obese
patients undergoing abdominal and non-abdominal
operations, particularly driven by a higher rate of postoperative infectious complications. Post-operative
mortality, however, does not appear to be significantly
affected by obesity after adjustment for co-morbid
[105]
diseases
. Obesity has also been shown to be a
risk factor for conversion from laparoscopic to open
surgery in patients undergoing colorectal surgery in
[106]
general .
Specific to the IBD population, multiple lines
of evidence suggest that obesity may negatively
influence surgical outcomes, specifically when obesity
is defined according to volumetric analysis of fat
distribution, rather than solely BMI. When looking
solely at BMI categories to define obesity, a large
retrospective surgical registry demonstrated a 10%
higher rate of post-operative morbidity among obese
Crohn’s patients, driven by a nearly two-fold higher
rate of post-operative infection (nearly seven-fold
higher in individuals whose BMI was greater than
2 [107]
40 kg/m )
. This same registry also demonstrated
similar findings for obese individuals-not specific to the
[108]
IBD population-undergoing laparoscopic colectomy .
Two smaller single-center retrospective series did not
demonstrate a higher risk of peri-operative morbidity
among obese Crohn’s patients when stratified by BMI
[109,110]
criteria
. Another single center study using BMI
strata demonstrated longer operative times, blood
loss and conversion from laparoscopic to open surgery
among obese individuals with IBD, with no significant
differences in overall post-operative morbidity and
[111]
mortality .
Several more recently published retrospective
studies described a higher rate of post-operative
complications among obese Crohn’s patients when
obesity was defined by volumetric analysis, and in
some cases, specifically noted that BMI stratification
did not predict post-operative outcomes when
morphologic assessment of fat distribution was taken
[112-114]
into account
. Looking solely at visceral fat area
as defined by cross-sectional imaging, one study has
also demonstrated a higher rate of endoscopic disease
recurrence in individuals with Crohn’s disease with
higher amounts of visceral/mesenteric fat at 6 mo
[115]
post-operatively .
To date, although benefits have been seen in
nutritional optimization of malnourished IBD patients
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MEDICAL AND SURGICAL WEIGHT LOSS
AND IBD
Although multiple studies have investigated the
interaction of diet with IBD at the level of relative
macronutrient content (e.g., high fat vs low fat diets),
to date, no data exist regarding the effects of overall
caloric intake or supervised dietary weight loss on
[117]
outcomes in IBD patients
. Epidemiologic studies
have suggested that regular physical activity may
exert a protective effect on the development of IBD,
although the confounding effects of decreased physical
activity as a result of as-yet undiagnosed inflammatory
bowel disease could confound this observation. Noncontrolled studies, as well as a single randomized
controlled trial, have demonstrated that physical
activity generally leads to improved health-related
quality of life in IBD patients, with no significant
changes noted in markers of inflammation in the few
studies that specifically report those measures pre[118,119]
and post-intervention
. To date, no prospective or
retrospective data are available to address the question
of whether or not targeted medical weight loss in
obese patients with IBD affects clinical outcomes
or response to therapy. In patients with chronic
plaque psoriasis-a condition in which an association
with obesity is consistently demonstrated-multiple
randomized controlled trials have shown a beneficial
effect of medical weight loss in obese individuals.
This effect has been specifically demonstrated among
individuals on cyclosporine and biologic (e.g., anti-TNF
[120-123]
and anti-IL 12/23) therapy
.
For patients with morbid obesity (e.g., BMI > 40
2
kg/m ), particularly in those who have significant
co-morbidities such as diabetes, bariatric surgery
has been shown to lead to reductions in all-cause
mortality, and is more effective than routine medical
care in the treatment of obesity-related complications
[124-126]
such as diabetes
. There is a marked paucity of
data in the literature about the safety or efficacy of
bariatric surgery among patients with IBD patients.
Due to concerns about the potential for increased
complications among patients with Crohn’s disease
undergoing any elective form of bowel surgery,
IBD has been considered a relative contraindication
to bariatric surgery. However, small case serieseach containing fewer than 10 patients - have been
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published suggesting that weight loss surgery in
carefully selected patients with IBD is technically
[127-130]
feasible and theoretically safe
. In these limited
series, the weight loss achieved post-surgery was
comparable to what would be expected for non-IBD
patients undergoing these operations, and in some
cases, improvements were also noted in the underlying
inflammatory bowel disease post-operatively. Case
reports have described de novo IBD diagnosed after
bariatric surgery, but the significance of this remains
unclear given the extremely small number of such
[131-134]
cases reported
.

CONCLUSION
The prevalence of both obesity and IBD are increasing
worldwide, and several lines of evidence suggest
that these conditions may be linked through shared
environmental risk factors, and mediated through
alterations in the intestinal microbiome. Adipose
tissue represents a metabolically and hormonally
active organ, producing adipokines that exert a proinflammatory effect that drives disease activity in
patients with immune-mediated diseases, including
IBD. Studies reporting the influence of obesity on
IBD disease course and response to medical therapy
have described a mixed but largely detrimental
impact. Lack of a standard definition of obesity
hampers interpretation of the current literature, and
establishing a clinically relevant measure of adiposity
is essential to advancing our understating of the
interplay between obesity and IBD. Future studies
are required to establish whether weight loss, either
medical or surgical, is safe or effective in IBD patients
and whether this may have a beneficial impact
on IBD or general health outcomes. Additionally,
future investigations should address the value of
individualizing drug dosing in IBD patients based
on BMI or other measures of adiposity, but such an
approach would be premature currently.
In summary, obesity has emerged as yet another
important piece in the intricate puzzle of autoimmune
diseases, such as IBD. Future studies that advance our
understanding of the complex interactions between
IBD and obesity are required to optimize patients’
health outcomes.
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REVIEW

Biomarkers for colitis-associated colorectal cancer
Ru Chen, Lisa A Lai, Teresa A Brentnall, Sheng Pan
cutting-edge OMICS technologies - recent studies have
identified clinically relevant biomarker candidates from
a variety of biosamples, including colonic biopsies,
blood, stool, and urine. While the challenge remains
to validate these candidate biomarkers in multi-center
studies and with larger patient cohorts, it is certain
that accurate biomarkers of colitis-associated neoplasia
would improve clinical management of neoplastic risk
in UC patients. This review highlights the ongoing
avenues of research in biomarker development for
colitis-associated colorectal cancer.
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Core tip: With the incidence of ulcerative colitis on
the rise, there is a need to develop clinically useful
biomarkers capable of identifying and monitoring the
subset of ulcerative colitis (UC) patients at highest
risk for developing colon cancer. Recent studies have
reported the efforts in developing clinically relevant
biomarkers, laying a foundation for further clinical
biomarker development. While the challenge remains
to validate these candidate biomarkers in multi-center
studies using larger patient cohorts, it is certain that
accurate biomarkers of colitis-associated neoplasia would
improve current clinical management of neoplastic risk in
UC patients.
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Abstract
Patients with extensive ulcerative colitis (UC) of
more than eight years duration have an increased
risk of colorectal cancer. Molecular biomarkers for
dysplasia and cancer could have a great clinical value
in managing cancer risk in these UC patients. Using
a wide range of molecular techniques - including
WJG|www.wjgnet.com

INTRODUCTION
Ulcerative colitis (UC) is an inflammatory bowel disease,
characterized by chronic, recurrent inflammation of the
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colon. Patients with extensive UC of more than eight
years duration have an increased risk of colorectal
cancer. These patients are usually advised to undergo
lifelong colonoscopic surveillance to detect the presence
of dysplasia (pre-cancer) or cancer in the colon. Colitisassociated cancer (CAC) is distinct from sporadic
colorectal cancer, both in disease mechanism and
presentation. Progression in UC is usually dependent
upon several factors. For patients with disease duration
in excess of 8-10 years, the risk of developing cancer
increases at a rate of 0.5%-1% per year. For example, a
patient with 20 years of UC will have a neoplastic risk of
[1,2]
approximately 10%-20% . While the patient’s age at
[3]
disease onset factors into cancer risk , disease duration
has a greater impact on cancer risk than chronological
age. In addition, risk for cancer development increases
[4]
[5]
with severity of inflammation and extent of disease .
Patients with pancolitis are at higher risk compared to
those with distal disease.
While current colonoscopic surveillance programs
are cost-effective and able to reduce cancer incidence
[2,6]
and mortality rate in UC patients , current methods
of surveillance are expensive and invasive. Moreover,
pathologic evaluation of colitis-associated neoplasia is
subjective; even experienced gastrointestinal patho
logists who developed the histologic standards for
UC neoplasia could only agree on the diagnosis of
[7]
indefinite for dysplasia half of the time . Clearly, an
objective molecular biomarker for dysplasia and cancer
would have great clinical value in the management of
cancer risk in UC patients.

upregulates the expression of many pro-inflammatory
mediators, such as adhesion molecules, cytokines,
TNF-α and IL-6, which play a critical role in tumor
development and progression of colitis-associated
[23]
cancer .
The molecular alterations which occur in the
pathogenesis of CAC are distinct from those in sporadic
colon carcinogenesis. For example, the loss of APC
occurs early in development of sporadic colorectal
cancer, whereas it is usually a late event in UC associated
disease progression if it occurs at all. In addition, p53
mutations appear as an early event in CAC, even prior
to dysplasia yet p53 mutations are a late event in the
sporadic disease. This evidence suggests that there are
some unique pathways associated with progression of
colitis-associated cancer. Studies show that the nondysplastic mucosa is genomically abnormal in UC
patients who have neoplasia elsewhere in their colon
[15,27]
(Progressors)
, i.e., there is a colon-wide field
defect in UC Progressors. This field defect involves the
abnormal expression of proteins, genomic instability in
repetitive DNA, and mitochondrial dysfunction in both
the non-dysplastic and dysplastic mucosa from UC
[15,16,28-30]
Progressors
. Such molecular changes tend to be
absent in UC patients who are dysplasia-free (UC Nonprogressors). These molecular alterations present in
UC Progressors provide targets for the development of
biomarkers for diagnostics and therapeutic applications
in CAC.

NEOPLASTIC PROGRESSION IN UC

CURRENT CLINICAL SURVEILLANCE OF
CHRONIC UC PATIENTS

In UC, the colon epithelium undergoes repeated
cycles of inflammation and tissue repair, resulting
in oxidative stress and accumulation of reactive
[8-11]
oxidative species (ROS)
. Excessive ROS causes
oxidative stress and damage to DNA, proteins and
lipids, leading to tumor initiation. Colitis-associated
colorectal cancer progresses in a step-wise fashion
from negative for dysplasia (NEG) → indefinite for
dysplasia (IND) → low-grade dysplasia (LGD) → high[12]
grade dysplasia (HGD) → cancer . Neoplasia in UC
is facilitated by several molecular alterations, some
of which are detectable prior to dysplasia. These
alterations include: telomere shortening, chromosomal
and microsatellite instability, aneuploidy, and loss
[13-21]
of p53
. In fact, alterations to the p53 tumor
suppressor gene are important early events and
[22,23]
occur in 47%-85% of colitis-associated cancers
.
The second mechanism by which inflammation could
contribute to carcinogenesis is through the release of
[24-26]
proinflammatory cytokines
. Cytokines released
from chronic inflammation participate in all stages
of cancer development, including tumor initiation,
tumor promotion, angiogenesis and metastasis. NFκB is thought to be a key molecular link between
[23]
inflammation and carcinogenesis . When activated, it

The current standard of care for surveillance of chronic
UC patients involves colonoscopy starting after 8-10
years of disease duration. Surveillance is recommended
every 1-2 years with frequency increasing over time to
match the elevating risk with years of disease duration.
Surveillance involves chromoendoscopy, where a
solution is sprayed throughout the colon to highlight
areas of dysplasia or, alternatively, high-definition
colonoscopy with 4 quadrant random biopsy sampling
at 10 cm intervals throughout the colon for subsequent
histological determination of neoplasia. Moreover, UCassociated neoplastic lesions can be multi-focal and
[12]
can appear either flat or raised
and may be difficult
to diagnose amongst chronically inflamed epithelium.
Overall, this translates to collection of roughly 30 to
45 biopsies in order to get a reasonable sampling of
[12]
the colon. The histologic diagnosis of dysplasia ,
especially at early stages, can be complicated by
the presence of inflammation in the biopsy. Patients
who receive a diagnosis of dysplasia are deemed
high risk for developing cancer and subsequently
undergo a more frequent surveillance regimen or a
colectomy. However, the proportion of UC patients
who develop cancer is low, such that identification
of low risk patients and subsequent use of alternate
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Rectal biopsy
Feces
Blood
Urine

Biomarker
testing

+

-

Colonoscopy
HGD/CRC
Surgery

LGD
Repeat colonoscopy
in 6-12 mo or
1
surgery

No dysplasia
Repeat biomarker testing in
one year

Figure 1 Application of biomarkers in ulcerative colitis surveillance protocol. 1Management of LGD is dependent on the clinician and patient choices. HGD:
High-grade dysplasia; CRC: Colorectal cancer; LGD: Low-grade dysplasia.

non-colonoscopy based surveillance could ultimately
reduce health care costs associated with unnecessary
colonoscopy.
It is therefore important to identify and develop
biomarkers with high sensitivity that could be obtained
through non- or less invasive methods (i.e., blood
sample, single rectal biopsy, urine) in order (1) to
stratify the UC patients which require a more intense
colonoscopic surveillance regimen; and (2) to provide
earlier diagnostic and better prognostic information.
Diagnostic biomarkers could be integrated with
existing endoscopy-based UC cancer surveillance to
improve the current clinical paradigm, as illustrated in
Figure 1. Chronic UC Patients could be screened using
a biomarker first using biosamples such as blood,
urine or rectal biopsy. Only patients with a positive
biomarker result would undergo further evaluation with
a full colonoscopy. Patients with a negative biomarker
result would be followed by biomarker testing on
an annual basis. Therefore, biomarker testing could
improve clinical management by identifying those UC
patients who have a very low risk of dysplasia and
thus reducing the need for colonoscopy.

with the unclear etiology of this disease, researchers
are pursuing multiple independent avenues to
identify sensitive and specific biomarkers for early UC
cancer. While there are currently many biomarkers
in development to discriminate subtypes of patients
with inflammatory bowel disease (IBD-ulcerative co
litis vs Crohn’s disease), there are few biomarkers for
differentiating UC non-Progressors (patients who do
not develop dysplasia) from UC Progressors (patients
who develop dysplasia or cancer). We will discuss
some of the major efforts here. Due to limited space
of the review, there will be a primary focus on markers
with the most promising clinical potential. Table 1
summarizes the biomarker candidates from recent
studies according to the types of biospecimens that
have been used including colonic tissue, blood, urine
and stool. Since many of these studies were performed
on limited numbers of patient samples, they will need
to be independently validated in multi-center larger
cohort studies.

Colonic biopsy

Biomarker development for UC-associated cancer
has, for the most part, focused on the use of colonic
biopsies obtained during colonoscopy or colectomy
due to (1) the known pancolonic abnormalities that
precede CAC; (2) colonic biopsies are a readily avai
lable source of material; and (3) retrospective material
can be acquired. Immunohistochemical staining of
formalin-fixed paraffin embedded (FFPE) material
has provided information about disease etiology and

RESEARCH AND BIOMARKERS IN
DEVELOPMENT
Unlike sporadic colorectal cancer, colitis-associated
cancer does not usually follow a linear pathway of
gene loss or disruption but rather appears to be driven
largely by inflammation-associated damage. Combined
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Table 1 Summary of recent studies on biomarker developments for ulcerative colitis-associated cancer
Type of
specimen

Analyte

Blood
Colon tissue

Protein
DNA
DNA
methylation

microRNA

Protein

RNA
Stool

Urine

DNA
methylation
Metabolites
Protein
Metabolites
Protein

Biomarker

Ref.

p53
Chromosomal instability
IBD specific mutation: SOX9, EP300, NRG1, and IL16
ER, MYOD, p16, and CSPG2
FOXE1, SYNE1
EYA4
RUNX3, MINT1, and COX-2
p14
BVES
miR-143 and miR-145
Decrease of 3 microRNAs (miR-192, miR-375, and miR-422b), upregulation of 8 microRNAs (miR-16,
miR-21, miR-23a, miR-24, miR-29a, miR-126, miR-195, and Let-7f)
miR-21 and miR-155
miR-26b
p53 and CHGA
p53 and AMACR
Bcl-xl
PDCD4
COX
8-NG and 8-oxodG
TRAP1
CCND1, SERPINB6, PAP, IL8, and NOS2A
ACSL1, BIRC3, CLC, CREM, ELTD1, FGG, S100A9, THBD, and TPD52L1
A panel of 20 genes (including cancer genes CYP27B1, RUNX3, SAMSN1, EDIL3, NOL3, CXCL9,
ITGB2, and LYN)
VIM, EYA4, BMP3, and NDRG4

[58]
[15,16,18-20,30-35]
[36]
[40]
[41]
[27,42]
[43]
[44]
[45]
[46]
[47]

Buryrate, acetate, methylamine, and trimethylamine
Calprotectin and lactoferrin
Prostaglandin-E
MMP-2 and MMP-2/NGAL

clues to possible biomarker candidates. Isolation of
genetic material (i.e., DNA, RNA, miRNA) as well as
proteins for proteomic analysis from FFPE sections
or frozen material has taken this to the next level.
The hope is to identify alterations associated with UC
cancerous or dysplastic regions that are also present
in non-neoplastic and remote regions, ideally rectum.
Rectal biopsies could be obtained with any laxative
preparation, without sedation, and using a quick and
minimally invasive procedure (proctoscopy) that could
be performed in any clinic.

[63]
[62]
[61]
[59]
[60]

relative to adjacent stromal or muscle DNA controls.
The poly G assay was validated in two independent
cohorts which confirmed discrimination between UC
Progressors and Non-progressors, and demonstrated
its utility for UC patients with early disease onset
[30,32]
(i.e., diagnosis before 50 years of age)
. A more
recent study examined chromosomal instability in UC
neoplastic progression using copy number variation
microarrays, and found increased numbers of copy
number variations with progression of UC to UC[33]
associated colorectal cancer .
UC can also be thought of as an aging disease
of the colon; qFISH and qPCR of colonic epithelium
from UC patients showed accelerated telomere
shortening compared to leukocyte or adjacent
[34,35]
stromal controls
. Shortened telomeres result in
chromosomal instability due to higher frequencies
of anaphase bridges and subsequent chromosomal
[19]
breakage, losses, and gains . These techniques lack
either the very high specificity demanded by a CAC
biomarker (qPCR) or capability for high throughput
(qFISH) to create a clinically useable test.
With the development of whole-genome sequ
encing, comprehensive investigation of the genomic
landscape has identified an increasing array of
mutational signatures associated with specific disea
ses. In CAC, the chronic oxidative injury can cause

DNA: DNA-based assays using genetic material
isolated from purified colonic epithelium has shown
promise as a biomarker source. However, since UC
doesn’t follow the hallmark loss of gene pathways like
sporadic colorectal cancer, several studies have focused
on more general genome-wide (rather than locus
specific) instability. Pan-colonic chromosomal instability
has been shown to be detectable relatively early in UC
[18,31]
disease progression by BAC array
, fluorescence
[19,20]
in-situ hybridization (FISH)
and arbitrarily primed
[15,16]
PCR (AP-PCR)
, yet none of these assays are
amenable to high throughput analysis that would be
required for a clinical UC neoplastic biomarker. Clonal
expansions of poly glutamine repeats (PolyG) are
detectable in DNA isolated from colonic epithelium

WJG|www.wjgnet.com

[48]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[29,57]
[37]
[38]
[39]
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DNA methylation: Promotor methylation plays an
important role in tumorigenesis though transcriptional
silencing of critical genes. The early study of DNA
methylation in UC dysplasia could be traced back
to a study investigating methylation status of five
[40]
age or cancer related genes in UC dysplasia .
Hypermethylation of ER, MYOD, p16, and CSPG2
were detectable in the high-grade dysplasia and
cancer tissues from UC Progressors. Moreover,
hypermethylation of ER, MYOD and p16 could be
detected in the non-dysplastic tissues from Progressors
[40]
compared to Non-progressors . In another study
using methylation-specific PCR, hypermethylation
of the tumor growth genes, FOXE1 and SYNE1, was
detected in approximately 60%-80% of cancer samples
(whereas it was undetectable in controls), suggesting
[41]
an increase in methylation with disease progression .
Methylation of the eyes absent homolog 4 (EYA4)
gene was present both in neoplastic and remote nonneoplastic tissue of UC patients with cancer but absent
[27,42]
in UC control patients without neoplasia
. Another
study found altered methylation status of RUNX3,
MINT1, and COX-2 in both the non-neoplastic regions
and neoplastic regions of UC -CRC colons as compared
[43]
with that in the UC controls . Either RUNX3 or
MINT1 showed interaction with COX-2 with an additive
[43]
effect . Further study is needed to evaluate whether
this three-gene panel can predict the likelihood of
patients to progress to CRC and/or to identify patients
with dysplasia. While CpG island hypermethylation of
p14 (ARF) but not p16 (INK4) was detectable in 100%
of UC dysplasia tested, only 20% (2/10) of patients
with dysplasia showed hypermethylation in DNA
[44]
extracted from non-dysplastic rectum . In a recent
study, the reduced expression of a tight junctionassociated protein, BVES in UC neoplasia was shown
to be the result of promotor hypermethylation of this
[45]
gene . The BVES promoter hypermethylation could
be detected in dysplastic colonic tissues as well as
distant non-malignant-appearing mucosa from UC
Progressors in comparison to UC Non-progressor and
non-UC controls. The study further suggests that
BVES interacts with PR61α to promote inflammatory
tumorigenesis through c-Myc destruction. Based on
the results, BVES promoter hypermethylation status
could be a potential biomarker to identify patients with
[45]
UC at risk of cancer .

mounting epithelial cell DNA damage which over time,
overwhelms the G1 cell cycle checkpoint and results
in p53 mutation. A recent study investigated somatic
mutation patterns from inflammatory bowel disease
(IBD, including ulcerative colitis and Crohn’s disease)
associated with colorectal tumor using whole-exome
[36]
sequencing . Not surprisingly, TP53 was the most
commonly mutated gene, with mutational prevalence
similar to that of sporadic colorectal tumors (63%
of cases). However, APC and KRAS were mutated
at significantly lower rates in tumors from patients
with IBD than in sporadic colorectal tumors (13%
and 20% of cases, respectively). Several IBD-specific
gene mutations, including SOX9, EP300, NRG1, and
IL16 were identified, confirming the notion that IBD
association colorectal cancer (CRC) has its unique
genetic composition compared to sporadic CRC.
RNA: Gene expression analysis using RT-PCR of
materials isolated from colonic biopsy has resulted
in identification of genes which are involved in or
associated with UC neoplasia. Microarrays have been
used to investigate gene expressional changes in UC
neoplastic progression by comparing the mucosa
of non-dysplastic, dysplastic and cancerous colonic
[37]
tissues . The study identified genes associated
with UC dysplasia and UC cancer. Five genes were
further verified to be common to UC dysplasia and
adenocarcinoma relative to non-dysplastic UC (CCND1,
SERPINB6, PAP, IL8, and NOS2A).
Because the dysplasia or cancer in UC patients can
appear as flat mucosa and/or is multi-foci, there is an
interest in identifying neoplastic biomarkers that are
present in both dysplastic and non-dysplastic tissues.
Such biomarkers could then be tested in random
biopsies, including rectal which could be obtained
with a minimally invasive procedure. Numerous
studies have identified gene expression changes
in non-dysplastic tissues from UC Progressors. In
one study, a gene signature which included ACSL1,
BIRC3, CLC, CREM, ELTD1, FGG, S100A9, THBD, and
TPD52L1 were progressively increased with neoplastic
[38]
progression . These findings support the concept
of a field defect phenomena in CAC. Two markers
(S100A9 and REG1α) were further validated by IHC
showing increased staining in the dysplastic and nondysplastic tissues from UC Progressors compared
[38]
to UC Non-progressors and normal controls . In a
separate study, by surveying the expressions of 189
carcinogenesis related genes in non-dysplastic rectal
mucosa from UC Progressors and Non-progressors,
researchers identified a panel of 20 genes (including
cancer genes such as CYP27B1, RUNX3, SAMSN1,
EDIL3, NOL3, CXCL9, ITGB2, and LYN) in rectal
[39]
tissues as Progressor associated genes . Using nondysplastic rectal tissues, the 20-gene panel was able
to predict UC-cancer patients from UC-non cancer
patients with 83% accuracy and a negative predictive
value of 100%.

WJG|www.wjgnet.com

MicroRNA: MicroRNAs are small non-coding 20-25
nucleotide single-stranded RNA molecules which
usually bind to the 3’ untranslated region of target
mRNA transcripts, effectively silencing them by
inhibition of translation or through degradation.
MicroRNAs can function as oncogenes to enhance
cellular proliferation and survival or as tumor sup
pressors. Downregulation of miR-143 and miR-145,
as well as concomitant upregulation of their predicted
targets, IRS-1, K-Ras, API5, and MEK-2 was found in
colon biopsies of UC patients, suggesting that some
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microRNAs could contribute directly to transformation
[46]
of UC colonic epithelium . In colitis, the inflammatory
microenvironment can modulate microRNA expression
and further influence target gene expressions. Cur
rently, there is much focus on the investigation of
microRNAs that affect immune response in order to
maintain intestinal homeostasis. MicroRNA analysis
of colonic biopsies revealed decreased expression
of 3 microRNAs (including miR-192, miR-375, and
miR-422b) in active UC whereas upregulation of
8 microRNAs (miR-16, miR-21, miR-23a, miR-24,
miR-29a, miR-126, miR-195, and Let-7f ) was
[47]
noted in active UC compared to normal controls .
Upregulation of miR-21 and miR-155 in inflamed colon
from UC patients compared to controls was confirmed
[48]
in an independent study . Mouse studies suggest
that miR-155 is involved in the proinflammatory
cellular response due to decreased numbers of CD4+T,
-/Th1/Th17, CD11b+, and CD11c+ cells in miR-155
[49]
mice . Dysregulation of some microRNAs could be
related to inflammation and thus could be used to
discriminate colitis associated cancers from sporadic
colorectal cancers. For example, miR-26b was shown
upregulated in CAC, and down-regulated in sporadic
[50]
colon cancer .

of reactive oxygen and nitrogen species, leading to the
accumulation of DNA damage, which can be measured
by 8-nitroguanine (8-NG) and 8-oxo-7,8-dyhydro2’-deoxyguanosine (8-oxodG). IHC of rectal mucosa
from patients with UC-associated dysplasia showed
statistically significant increases in 8-NG and decreases
[56]
in 8-oxodG compared to UC non-neoplastic controls .
Proteomics has also been applied in colitis-associated
colon cancer studies with research interests ranging
from investigation of disease mechanism to biomarker
discovery. To investigate proteomic alterations linked
to UC-associated dysplasia and invasive cancer, one
study applied stable isotope label based quantitative
proteomics to examine the protein expression in the
[28]
colonic mucosa . The study identified a roster of
proteins that displayed at least a 2-fold expression
change in random non-dysplastic colon biopsies from
Progressors compared to random biopsies from Nonprogressors. Among the differentially expressed
proteins in the random non-dysplastic biopsies, almost
60% of them were also concurrently expressed in the
dysplastic tissues from the same Progressors. These
findings suggest that changes in protein expression
occur very early in the neoplastic process, before
the histologic changes become evident in epithelial
[28]
cells . Protein activities associated with neoplastic
progression included proteins related to mitochondrial
function, oxidative activity, and calcium-binding. Protein
network analysis suggested that SP1 and c-MYC may
play key roles in UC early and late stages of neoplastic
progression, respectively.
In a follow-up quantitative proteomics study, in
dividual random rectal samples from UC Progressors
were profiled compared to random rectal samples from
[29]
UC Non-progressors . The study identified over 60
proteins that were differentially expressed in both nondysplastic rectal tissue and the corresponding dysplastic
colonic tissue from Progressors. Mitochondrial proteins,
cytoskeletal proteins, RAS superfamily and proteins
related to apoptosis were the important protein classes
differentially associated with Progressors. One of the
mitochondrial proteins, TRAP1, was further validated
by IHC in an independent UC cohort, and showed upregulation in the colon tissues of UC Progressors, but not
[57]
in the colon tissues of UC Non-progressors . Moreover,
up-regulation of TRAP1 preceded the neoplastic
changes: it was present in both the dysplastic and nondysplastic tissue of UC Progressors. TRAP1 staining
in dysplastic tissue could achieve 94% sensitivity and
80% specificity in separating Progressors from Nonprogressors. In random non-dysplastic rectal biopsies,
TRAP1 staining could separate Progressors from Non[57]
progressors with 59% sensitivity and 80% specificity .

Protein: Protein-based research has revealed some
interesting CAC biomarker candidates. Protein par
ticipants in major known pathways involved in UC
tumorigenesis have been further scrutinized to
evaluate their potential as biomarkers. While p53
mutations have been shown to occur as an early
[13]
event in UC neoplasia , the value of the mutated p53
protein as a clinical marker by IHC is controversial. The
results of IHC studies are variable and limited due to
the use of different antibodies and small sample sizes
per study. Protein expression of p53 and chromogranin
A provides moderate sensitivity (66.7%) and specificity
[51]
(80%) for HGD detection . Other protein expression
data shows that co-detection of p53 and α-methylacyl
coenzyme A racemase (AMACR), using IHC, could
discriminate UC patients who had dysplasia or cancer
from those who did not; and further, the co-expression
of p53 and AMACR was detectable in biopsies taken
[52]
as early as 10-14 months prior to dysplasia . In a
different study, expression of the apoptosis gene, Bclxl, is absent in non-dysplastic UC epithelium, but highly
[53]
positive in dysplasia or cancer samples by IHC .
Nuclear IHC staining of the programmed cell death
4 (PDCD4) tumor suppressor showed a reduction
in colonic UC dysplasia and cancer tissue samples,
and could be useful as a biomarker in the histological
[54]
assessment of IBD-associated dysplastic lesions .
Mitochondrial alterations as defined by patchy loss
of cytochrome C oxidase (COX) IHC staining within
colonic crypts preceded dysplasia and the staining was
[55]
lowest in regions of dysplasia and adjacent regions .
Chronic inflammation in UC results in the generation
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Blood biomarkers

Blood represents an ideal diagnostic specimen for
clinical tests due to its low cost and easy accessibility.
It provides abundant material (e.g., DNAs, RNAs,
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proteins, cells, exosomes etc.) for analysis by a
variety of molecular approaches. The gold standard for
blood testing of protein levels has traditionally been
enzyme linked immunosorbent assays (ELISA) while
new technologies such as modified ELISAs, targeted
proteomics, and nanotechnology are emerging,
making it possible to more thoroughly investigate
cancer associated protein abnormalities, particularly
for proteins with low abundance. One study reported
serum p53 levels detected by ELISA was higher in
UC patients compared to normal controls, however
elevated levels were detectable in only 8/13 of UC
[58]
patients with CRC or p53 . While p53 is an early
event in UC-related tumorigenesis, detection of p53
protein in serum showed only moderate sensitivitylimiting its utility as a neoplastic biomarker for highrisk patients.

used to diagnose IBD and irritable bowel syndrome
(IBS) patients, to distinguish between UC and CD
patients, as well as to assess active inflammation.
Currently, the two most widely used stool biomarkers,
calprotectin and lactoferrin, are derived from neu
trophils, which penetrate the intestinal mucosa in
areas of active inflammation and are subsequently
shed into the lumen. Both biomarkers may be valuable
in assessing the active inflammation as a way to
gauge therapeutic response in UC patients and as
[61]
a non-invasive method to monitor relapses . Use
of NMR-based spectroscopy to analyze stool is also
gaining appeal due to minimal sample preparation,
the ability to detect multiple metabolites at once, and
the high reproducibility. Mass resonance metabolomics
studies have revealed reductions in buryrate, acetate,
methylamine, and trimethylamine as well as differences
in the levels of several amino acids when stool samples
[62]
of UC patients are compared to controls . In addition
to protein and metabolite markers, DNA isolated from
stool offers a promise as a UC biomarker source.
Although mutational analysis failed to discriminate
UC-associated cancer samples from cancer-free
patients, the methylation changes of four genes including vimentin, eyes absent homolog 4 (EYA4),
bone morphogenetic protein 3 (BMP3), and N-myc
downstream regulated gene 4 (NDRG4) - showed AUC
(areas under the ROC curve) ranging from 0.84-0.91
in distinguishing UC patients with or without neoplasia,
suggesting both high specificity and sensitivity for
[63]
dysplasia detection .

Urine

Urine is one of the most convenient sources of ma
terial for UC biomarker discovery due to the ease of
collection. Most of the current urine-based biomarker
studies are focused on discriminating UC patients from
those with other types of inflammatory bowel disease
(i.e., Crohn’s Disease) or to monitor treatment nonadherence. Only a few urine studies reported data that
is relevant to neoplastic biomarker discovery in CAC. In
a small cross-sectional study, the urinary metabolite,
prostaglandin-E, (PGE-MUM assay) was reported to
have some potential as a biomarker for UC activity
(compared to C-reactive protein), which may assist
[59]
in staging disease inflammatory activity . Another
report suggested that urine MMP-2 and MMP-2/NGAL
levels could discriminate UC patients from normal
[60]
controls . The urinary biomarkers from the current
studies may be useful as non-invasive biomarkers
for disease activity measurements in IBD patients.
However, it is unclear whether these markers would
be of value in discriminating UC with and without
dysplasia.

CONCLUSION
With the incidence of ulcerative colitis on the rise,
there is a need to develop clinically useful biomarkers
capable of identifying and monitoring the subset of UC
patients at highest risk for developing colon cancer.
Cologuard is a newly FDA approved stool biomarker
test for sporadic colorectal cancer screening. The
most recent study suggests that it can detect 100%
colorectal cancer in people between the ages of
[64]
40-85 . However, this test has about 52% sensitivity
in detecting premalignant lesions, such as adenomas,
and its utility for screening dysplasia in UC patients has
not been tested. Therefore, a new objective molecular
test for detection of dysplasia and cancer could be
helpful for the clinical management of cancer risk in
UC patients. Recent studies have reported the efforts
in developing clinically relevant biomarkers for early
detection of UC associated cancer using a variety of
biosamples, including colonic biopsies, blood, stool,
and urine. These studies have revealed a roster of
biomarker candidates and laid a foundation for further
clinical biomarker development. While the challenge
remains to validate these candidate biomarkers in
multi-center studies and with larger patient cohorts, it
is certain that accurate biomarkers of colitis-associated

Stool

Due to the close proximity to intestinal mucosa,
stool samples are a rich resource of material for
UC biomarker development. It is estimated that
approximately one half of stool is comprised of gut
microflora and that upwards of one million colon
epithelial cells can be isolated from one gram of
stool, which would allow for the study of changes
in the genetic material or proteome of a patient’s
colonocytes, as well as their gut microbiome. Given the
complexity of stool samples, it is critical to distinguish
changes caused by dysplasia or disease progression,
chronic inflammation or consequences of inflammation
(i.e., DNA damage, reactive oxygen species, etc.),
microbial changes, and/or diet. While biomarkers for
UC-associated cancer from stool have not yet been
adapted for clinical use, fecal biomarkers are being
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neoplasia would improve clinical management of
neoplastic risk in UC patients.
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Abstract

Miguel Ángel Valdovinos, Enrique Coss-Adame, Department
of Gastroenterology, Instituto Nacional de Ciencias Médicas y
Nutrición Salvador Zubirán, Mexico City, CP 14080, Mexico

Idiopathic achalasia is an archetype esophageal motor
disorder, causing significant impairment of eating ability
and reducing quality of life. The pathophysiological
underpinnings of this condition are loss of esophageal
peristalsis and insufficient relaxation of the lower
esophageal sphincter (LES). The clinical manifestations
include dysphagia for both solids and liquids, regur
gitation of esophageal contents, retrosternal chest
pain, cough, aspiration, weight loss and heartburn.
Even though idiopathic achalasia was first described
more than 300 years ago, researchers are only now
beginning to unravel its complex etiology and molecular
pathology. The most recent findings indicate an
autoimmune component, as suggested by the presence
of circulating anti-myenteric plexus autoantibodies, and
a genetic predisposition, as suggested by observed
correlations with other well-defined genetic syndromes
such as Allgrove syndrome and multiple endocrine
neoplasia type 2 B syndrome. Viral agents (herpes,
varicella zoster) have also been proposed as causative
and promoting factors. Unfortunately, the therapeutic
approaches available today do not resolve the causes
of the disease, and only target the consequential
changes to the involved tissues, such as destruction
of the LES, rather than restoring or modifying the
underlying pathology. New therapies should aim to
stop the disease at early stages, thereby preventing the
consequential changes from developing and inhibiting
permanent damage. This review focuses on the known
characteristics of idiopathic achalasia that will help
promote understanding its pathogenesis and improve
therapeutic management to positively impact the
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[8]

of which represent the current therapeutic targets .
However, the low prevalence of idiopathic achalasia
can delay diagnosis and the similarity of its presenting
symptomology to that of gastroesophageal reflux
[9]
disease (GERD) can lead to misdiagnosis . In general,
patients presenting with progressive dysphagia and
regurgitation are treated with proton pump inhibitors,
the usual treatment for GERD, and non-response to
treatment is considered an indicator for idiopathic
achalasia suspicion.
The routine work-up for clinical suspicion of idiopathic
achalasia includes upper endoscopy, which helps to
exclude other differential diagnosis such as tumors and
will show a dilated esophagus retaining undigested
food and saliva, a barium esophagram, which will show
esophageal dilatation, poor emptying, aperistalsis and
a narrowed GEJ “bird-beak sign”, and lastly a highresolution manometry (HRM) that will confirm the
[3,8]
diagnosis and facilitate disease subtype classification .
The following manometrical characteristics correspond
to the 3 different subtypes, as outlined by the Chicago
Classification criteria: achalasia with absence of
peristalsis (“classic”), type Ⅰ; classic achalasia with
esophageal compression, type Ⅱ; classic achalasia
[10]
with spastic contractions, type Ⅲ . This classification
system also represents an important tool regarding
[11]
outcomes after treatments for the disease .
In the last decade, researchers have turned their
attention towards determining the pathophysiological
underpinnings of achalasia in order to not just treat
the symptoms but to target the specific cause(s) of the
disease that remain unclear and currently do not have
a cure.

patient’s quality of life.
Key words: Achalasia; Treatment; Autoimmune disease;
Pathophysiology
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Primary achalasia is associated with loss
of ganglion cells in the esophagus and in the lower
esophageal sphincter. In the last decade, achalasia
pathophysiology has been widely studied, and investi
gations have aimed to expand clinical management
beyond mere treatment of symptoms and towards
attacking the specific cause of the disease. While
the etiologies remain unclear and no cure exists, the
most recent findings suggest an interaction between
autoimmune and inflammatory responses, possibly
triggered by viral infection, in genetically susceptible
individuals. This article reviews the recent advances
in understanding the disease pathogenesis with
implications for improving therapeutic management.
Furuzawa-Carballeda J, Torres-Landa S, Valdovinos MA,
Coss-Adame E, Martín del Campo LA, Torres-Villalobos
G. New insights into the pathophysiology of achalasia and
implications for future treatment. World J Gastroenterol 2016;
22(35): 7892-7907 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i35/7892.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i35.7892

INTRODUCTION
Idiopathic achalasia is a primary motility disease
of the esophagus that has a worldwide prevalence
of 10 individuals in every 100000 and 1 new case
[1,2]
reported per year for every 100000 . Clinically, it is
characterized by two principal findings from esophageal
manometry: (1) loss of esophageal peristalsis; and
(2) incomplete relaxation of the lower esophageal
[3,4]
sphincter (LES) . Although its etiology has not yet
been completely elucidated, autoimmune, viral and
neurodegenerative factors have been proposed as
[3,5]
potentially causative or promoting . What has been
studied and established is that there is a degenerative
process, of unknown origin, that involves loss of
ganglion cells in the myenteric (Auerbach’s) plexus
of the esophagus and is accompanied by local and
[6]
systemic inflammation and subsequent loss of
important neurotransmitters such as the vasoactive
[7]
intestinal peptide (VIP) and nitric oxide (NO) .
The principal (presenting) symptoms of the
disease arise secondary to the partial and progressive
obstruction of the gastroesophageal junction (GEJ)
and aperistalsis, and include dysphagia, regurgitation,
weight loss, retrosternal chest pain and heartburn, all
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ETIOLOGY AND PHYSIOPATHOLOGY
Primary achalasia is associated with loss of ganglion
cells in the esophagus and in the LES. The loss of
ganglion cells has been associated with both inflam
mation and deposition of collagen. Findings from the
collective research suggest that the disease process
involves an interaction between autoimmune and
inflammatory responses, possibly triggered by viral
infection, in genetically susceptible individuals (Figure 1).

Ganglion cell loss

The enteric nervous system is distributed along the
gastrointestinal tract, including the esophagus. The
myenteric plexus is situated between the circular
and longitudinal smooth muscle layers of the gut and
consists of postganglionic neurons that differentiate
into excitatory cholinergic neurons and inhibitory
nitrergic neurons. While the excitatory neurons release
acetylcholine, the inhibitory neurons release the free
radical NO and the neurotransmitter/anti-inflammatory
cytokine VIP; the coordinated release creates the
balance of relaxation and contraction that is vital for
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ganglion cell loss or with only mild to severe fibrosis
in the smooth muscle layer. A proteomic analysis of
serum from patients with achalasia and from healthy
individuals showed disease-related up-regulation of
transthyretin (TTR); TTR is a serum and cerebrospinal
fluid carrier of the thyroid hormone thyroxine (T4)
and a retinol-binding protein that is associated with
familial amyloid polyneuropathy, and its observed upregulation corroborates with the consequent neural
[25]
degeneration observed in patients . Moreover, other
studies of achalasia patients have shown increased
deposits of the complement complex C5b-C9 and of
IgM within or proximal to ganglion cells of myenteric
[26]
plexus . The imbalance produced by loss of VIPand NO-secreting neurons can lead to irreversible
esophageal motor dysfunction. Furthermore, the
progressive destruction of myenteric ganglion cells
and the occurrence of neural fibrosis would lead to the
[19,27]
classic subtype of achalasia
.
In addition to the destruction of inhibitory ganglionic
cells (due to the abundant inflammatory infiltrates
and autoimmunity), hypertrophy and neuronal
[28]
fibrosis accompany the disease progression . Most
reports of pathological findings for human cases
[29,30]
show the presence of neuronal autoantibodies
.
These autoimmune constituents have been shown to
directly contribute to the destruction of the myenteric
[31,32]
[23]
plexus
. In particular, Bruley des Varannes et al
showed that serum from patients with achalasia, and
not from patients with GERD, can induce phenotypic
and functional changes in myenteric neurons that
reproduce the disease characteristics, thereby refuting
the theory that these autoantibodies could be an
epiphenomenon.

Genetics
Autoimmunity

Viral infections

Autoantibodies

Inflammation

Ganglion cell loss and Fibrosis

Achalasia

Figure 1 Main mechanisms in the etiopathogenesis of achalasia.
[12]

normal esophageal peristalsis .
Achalasia is known to be caused by the reduction
of interstitial cells of Cajal, but most importantly to a
selective loss of inhibitory ganglion in the myenteric
plexus of the esophagus, which is associated with a
decrease of NO and VIP. These pathophysiological and
morphologic features have been demonstrated in a
benzyldimethyltetradecylammonium chloride-induced
[5,13-20]
amyenteric rat model and in human tissues
.
In addition, the ability of nitrergic nerves to mediate
esophageal neuromuscular functions, such as LES
relaxation and normal peristalsis, was demonstrated in
experimental animal systems.
Animal studies have also provided the first clues
about the genetic underpinnings of achalasia. Mice
-/with neuronal NO synthase 1 gene disruption (nNOS )
presented with significantly increased hypertensive
LES, and consequently markedly impaired relaxation
that developed into an achalasia-like LES dysfunction
and gastroparesis; these findings contrast with the
v
hypotensive LES present in the W/W mice that lack
the interstitial cells of Cajal as intermediary of LES
[21,22]
relaxation
.
Human studies have also suggested a signifi
cantly decreased or absent NO innervation in the
[23]
myenteric plexus of patients with achalasia .
Immunohistochemical studies of biopsies from patients
with achalasia who underwent surgical treatment
showed that levels of the VIP, nNOS, neural proteins,
S-100, substance P and protein gene product 9.5
(PGP9.5) were significantly lower than in healthy
[5,13,24]
individuals
. Thus, impaired production of NO and
VIP are involved in the pathophysiology of achalasia,
and - as discussed later in this review - may be genetic
components and therapeutic targets.
An underlying pathogenic mechanism in the
early stage of achalasia is the esophageal myenteric
immune-mediated response and inflammatory state
accompanied by T cell infiltration, triggered by a yet
unknown etiologic factor. This pathologic condition
may cause neuritis and ganglionitis, with no initial
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Infections

In order to explain the loss of ganglion cells in acha
lasia, several studies have explored the potential of
pathogenic factors as the disease-initiating agents,
in particular those related to chronic latent or active
neurotrophic viral or bacterial infections. The proposed
virus candidates have included herpes simplex virus
(HSV) (a neurotropic virus with predilection for squa
mous epithelium), John Cunningham (commonly known
as “JC”) virus, bornavirus, varicella zoster, measles, and
[33-36]
[35]
human papilloma virus
. In fact, Boeckxstaens
proposed that during latent HSV-1 infection, the virus
persists in the neurons of the LES and esophagus,
giving rise to a persistent immune activation that in
genetically predisposed individuals can elicit neuronal
destruction. Moreover, an epidemiological study and
genotype-phenotype analysis carried out by Becker
[37]
et al
demonstrated that patients were frequently
affected by viral infections, especially varicella zoster
virus infections, before achalasia onset, and that
pregnancy may stimulate the disease in females who
[37]
are carriers of the HLA-DQβ1 insertion .
Several studies of esophageal biopsy specimens
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from patients with idiopathic achalasia have used
the polymerase chain reaction to investigate the
presence of various virus strains. Infection with and
active replication of HSV-1, but not cytomegalovirus or
Epstein-Barr virus, were detected along the myenteric
plexus. The preferential ports of entry for HSV-1 are
the perioral and esophageal mucosa. Furthermore,
herpes viruses exhibit a strong tropism for nerve
fibers and following the primary exposure the viruses
[6,34]
can remain in a latent form in neuronal nuclei
.
T lymphocytes are known to specifically respond to
[34]
HSV-1 antigens, and Facco et al
demonstrated that
achalasia patients have a significantly higher rate of
+
+
oligoclonal CD3 /CD8 lymphocytic infiltrates in LES,
as compared with healthy controls.
Since not all patients with viral infections develop
achalasia, it has been proposed that specific genetic
changes affecting the immune system may create
susceptibility to this disease. Chronic viral infection
could trigger an aberrant immune response that under
an appropriate genetic and environmental background
would facilitate the loss of esophageal neurons. In
support of this theory, detailed examinations of the
myenteric plexus of patients with achalasia have shown
+
+
infiltration of CD3 /CD45RO T cells, predominantly
+
CD8 T cytotoxic lymphocytes expressing activation
[5,17,18,38]
markers
.

multifactorial, involving genetic and immune-related
factors, possibly both pathogen-/environmental[15]
and host-derived . Such an etiological profile may
trigger damaging autoimmune mechanisms or chronic
inflammation.

Inflammation

Histological and immunohistochemical studies of
the esophageal tissues of patients with achalasia
have also found inflammatory infiltrates of varying
intensity around myenteric neurons, contrasting
with the non-infiltrate findings of control groups with
[6,18,38,46]
+
+
+
normal myenteric plexus
. CD3 , CD4 , CD25
+
and CD8 T lymphocytes predominated in all the
+
diseased tissues, as well as CD20 B lymphocytes
and eosinophilic granulocytes but to a lesser degree,
with detection of occasional plasma and mast cells
along the nerve fascicles and around the ganglion
[5,6,18,46]
cells
. Moreover, T and B inflammatory infiltrates
predominated in tissues with advanced stage disease
[5]
(> 10-year symptom history) .
A serum proteomic analysis has demonstrated
that C4B5, C3, cyclin-dependent kinase 5, and α2macroglobulin are up-regulated in achalasia patients,
as compared with controls, corroborating the theory of
immune-mediated response and/or neural degeneration
[25]
components of the disease pathogenesis . Moreover,
another study of achalasia patients had shown that
the complement complex C5b-C9 (membrane attack
complex) and IgM are deposited within or at the
[26]
ganglion cells of the myenteric plexus .
+
Turnover of extracellular matrix and some CD4 T
cell subsets and cytokines have been also described in
achalasia patients. In particular, a significant increase
has been observed in the expression of matrix
metalloproteinase-9 (MMP-9, also known as 92 kDa
gelatinase) and its tissue inhibitor, TIMP1, in LES from
[6]
patients with achalasia, as compared to controls .
+
Some tissue and circulating CD4 T cell subsets have
been characterized in patients with achalasia as well
(Figure 2).
Up-regulated expression of interleukin-22 (IL-22)
has been detected in tissue (especially in myenteric
[6]
plexus) and circulating cells of patients with achalasia
(Figure 3). IL-22 belongs to the IL-10 superfamily, and
acts as an initiator of the innate immune response
against pathogens in gut epithelial and respiratory
cells, as a modulator of tissue repair/regeneration
processes, and as a regulator of antibody production.
IL-22 is synthesized by the T helper (Th) cell subsets
of Th22 and Th17. The Th22 cells differentiate from
naïve T cells in response to TNF-α and IL-6 signals,
and subsequently synthesize and secrete IL-26, IL-13
and IL-22; IL-26 plays important roles in cellular
proliferation and survival, antimicrobial peptide
[47]
production, epithelial renewal and immunity .
The cytokine IL-17A is produced by the Th17
subset and is a key mediator of auto-inflammatory

Autoimmunity

The proposed autoimmune etiology of achalasia is
supported by the presence of anti-myenteric antibodies
in the circulation and inflammatory T cell infiltrates
in the myenteric plexus, as well as demonstrated
statistical correlations between the disease and
particular HLA class Ⅱ antigens. Autoimmune diseases
often occur in association with one another, either
involving a single individual or within a family. It has
been proposed that the etiology of achalasia includes
an autoimmune component. Findings from a recent
study, and numerous case reports, have characterized
patients with achalasia as being 3.6-times more likely
to have autoimmune diseases, including uveitis (RR =
259), Sjögren’s syndrome (RR = 37), systemic lupus
erythematosus (RR = 43), type Ⅰ diabetes (RR = 5.4),
hypothyroidism (RR = 8.5), rheumatoid arthritis (RR =
2.4), scleroderma, ankylosing spondylitis, myasthenia
gravis, Guillain-Barre syndrome, autoimmune acquired
hemophilia A, polyglandular autoimmune syndrome
[29,39-45]
type Ⅱ, psoriasis and asthma
. Intriguingly, the
younger population of patients with achalasia was
shown to have a higher prevalence of autoimmune
[43]
comorbidities (RR = 3.3) , compared with an older
population of patients with achalasia. Finally, there are
some reports of patients with achalasia responding to
immunosuppressive drugs, lending further credence
to the notion that this disease has an autoimmune
[42]
component .
It is most likely that the etiology of achalasia is
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T cell subsets and cytokines in achalasia
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Figure 2 Hypothetical interplay of cytokines in the pathophysiology of achalasia. IL: Interleukin; IFN: Interferon.

diseases. Under both physiological and pathological
conditions, IL-17A acts to stimulate T cells, increase
the production of autoantibodies and inflammatory
cytokines (TNF-α, IL-1β, IL-6, IL-8, IL-17, IL-22, etc)
and chemokines (CCL2, CCL7, CCL20, CXCL1, CXCL5),
induce neutrophil recruitment through chemokine
regulation, activate innate immune cells and enhance
[48]
B cell functions . The frequency of IL-17A-secreting
cells is reportedly higher in the peripheral cells and
myenteric plexus of esophageal tissue of patients with
[6]
achalasia, as compared to controls (Figure 3) .
Another important cytokine, interferon-gamma
(IFN-γ), may play a role in achalasia pathogenesis.
Produced by activated T cells and natural killer
cells (NKs), IFN-γ regulates various immune and
inflammatory responses. Specifically, this cytokine
potentiates the effects of the type Ⅰ IFNs, recruits
leukocytes to infected tissue in order to potentiate
beneficial inflammation, and stimulates macrophages
to engulf and kill bacteria. IFN-γ released by Th1 cells
is also important in regulating the Th2 response. As
IFN-γ is vitally implicated in the regulation of immune
response, aberrant regulation of its production can
lead to autoimmune diseases. Moreover, IFN-γ inhibits
collagen synthesis and induces the production of
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chemokines including CXCR3, CXCL9, CXCL10 and
[48]
CXCL11 . Studies have found that patients with
achalasia have a significantly higher percentage of
+
+
circulating and tissue IFN-γ /CD4 T cells, as compared
[6]
to controls (Figure 3) .
Increased expression of IL-1β, IL-2 and TNF-β has
also been detected in tissue from achalasia patients, as
[34]
compared with controls . Other cytokines with dual
anti-inflammatory/pro-fibrogenic functions have been
evaluated in patients with achalasia. Under normal
physiologic conditions, TGF-β1 controls cellular growth,
proliferation, differentiation, negative regulation of
inflammation, collagen synthesis and apoptosis;
patients with achalasia have shown significantly
+
increased TGF-β1 cell expression in the myenteric
plexus of esophageal biopsies, as compared to tissues
[6]
from controls .
IL-4 is an anti-inflammatory cytokine that inhibits
the synthesis of several important cytokines (IL-1β,
TNF-α, IL-6, IL-17A, etc), regulates B cell proliferation
and differentiation, and functions as a potent inhibitor
of apoptosis. IL-4 is synthesized primarily by Th2 cells
and is required for the initiation and maintenance
+
of fibrosis. The IL-4-expressing CD4 Th2 subset is
defined by production of IL-4, IL-5, IL-9 and IL-13 and
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CD4 T cell subsets and cytokines in achalasia
IL-22

CD4/IL-17A

CD4/IL-4

CD4/IFN-g

Control

Achalasia

Figure 3 CD4+ T cell subsets and their expression of pro-inflammatory/anti-fibrogenic cytokines in achalasia. Immunohistochemical analysis of IL-22, CD4/
IL-17 (Th17 cells), CD4/IL-4 (Th2 cells), and CD4/IFN-g (Th1 cells) in specimens of esophagus from healthy control donors and achalasia patients. Arrows denote the
immunoreactive cells. Original magnification × 320.

functions in type 2 immunity for fighting off infectious
disease, the process of which involves neutralization
of toxins, maintenance of metabolic homeostasis,
regulation of wound healing, regeneration of tissue
and production and deposition of fibrosis-enhancing
collagen; in addition, these cells suppress autoimmune
[49]
disease mediated by Th1 cells . Studies have
shown that patients with achalasia have significantly
+
higher circulating and tissue IL-4 cell percentage, as
[6]
compared to controls (Figure 3) .
IL-13 has functions similar to IL-4; in contrast,
however, it regulates the type Ⅰ collagen gene, thereby
participating in fibrosis. Its expression pattern in
[6]
patients with achalasia is also similar to that of IL-4 .
Immune “regulatory cells” (such as the T regulatory
cells commonly known as Tregs) include a variety of
cell subpopulations with specialized functions that
allow them to exert cell extrinsic immunosuppression
and tolerance to self as well to foreign antigens. Tregs
modulate the natural course of protective immune
responses in order to limit tissue damage and
autoimmunity. In addition, they suppress immunologic
responses by producing granzymes and perforins,
depleting IL-2, secreting suppressor molecules such
as IL-19 and TGF-β1, and diminishing the functions
of antigen presenting cells (APCs) that otherwise
promote anergy or apoptosis of effector T cells. As
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such, the Tregs play important roles in tissue repair and
[50]
homeostasis . Patients with achalasia show a higher
Treg frequency in the myenteric plexus of esophageal
[6]
tissue, as compared to controls . Nonetheless, Sodikoff
[46]
et al
reported that Foxp3 (the distinguishing marker
of Tregs) was not detectable in achalasia biopsies of
their cohort, contrasting our findings in which a higher
+
+
percentage of CD25 /Foxp3 cells were detected
in esophageal smooth muscle tissue from patients
with type Ⅲ achalasia, followed by types Ⅰ and Ⅱ, as
compared to controls. These discrepant findings may
be explained by different techniques used to conserve
the samples prior to examination or to perform the
immunohistochemical evaluation, or the findings
may reflect important differences in disease evolution
[46]
among the two studies’ cohorts (Figure 4) .
In addition to Tregs, a newly described population
of regulatory B cells (termed Bregs) has also been
shown to contribute to immunosuppression, not only
in autoimmune diseases but also in inflammatory
and organ/tissue transplant conditions; regardless,
however, the effects are direct and occur via
+
hi
hi
enhancement of Treg function. This CD19 CD24 CD38
immature/transitional T1 B cell subset suppresses
the differentiation of Th1 cells in an IL-10-dependent
[51]
manner . Intriguingly, biopsies of myenteric plexus
obtained from patients with achalasia showed a higher
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Regulatory cells and cytokines in achalasia
CD25/Foxp3

CD20/IL-10

CD123/IDO

Control

Achalasia

Figure 4 Regulatory cells in achalasia. Immunohistochemical analysis of CD25/Foxp3 (T regulatory cells), CD20/IL-10 (B regulatory cells) and CD123/IDO
(plasmacytoid dendritic regulatory cells) in specimens of esophagus from healthy control donors and achalasia patients. Arrows denote immunoreactive cells. Original
magnification × 320.

Autoantibodies

relative IL-10-producing B cell percentage than tissues
[6]
from a control group (Figure 4) .
Lastly, it is known that dendritic plasmacytoid
regulatory cells (termed pDCregs) are a sub-population
of immune cells that express the indoleamine
2,3-dioxygenase (IDO) enzyme that is responsible for
mediating tryptophan metabolism, which suppresses
+
hi
T effector cell activity and induces CD4 /CD25
regulatory T cell polarization. IDO-mediated deprivation
of tryptophan halts the proliferation of T cells at
mid-G1 phase, which in concert with the pro-apoptotic
activity of kynurenine leads to immune tolerance.
IDO has a selective role in Th2 differentiation and
is regulated positively during antigenic presentation
and the functional complexing of CTLA-4/B7-1/B7-2
in lymphocytes and dendritic cells. In addition IDO
contributes to the immune responses to pathogens,
being up-regulated by circulating nucleic acids (from
host and non-host genomes) through the activation
of TLR4 and TLR9, and it contributes to adaptive
immunity processes that subsequently modulate the
[52]
inflammatory process . Patients with achalasia have
shown a higher frequency of pDCregs in the myenteric
plexus of esophageal tissue, as compared to control
tissues (Figure 4).
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The observation of increased prevalence of circulating
IgG antibodies against myenteric plexus in most patients
with achalasia has led to the suggestion of a role for
autoantibodies in the pathogenesis of this disease.
Studies have also demonstrated a notable absence of
anti-myenteric autoantibody in achalasia-free controls,
patients with Hirschsprung’s disease, esophageal
cancer, peptic esophagitis, gastroesophageal reflux or
[53-55]
myasthenia gravis
. Nonetheless, a study by Moses
[32]
et al
suggested that these circulatory antibodies are
more likely the result of a non-specific reaction to the
disease process, rather than being the cause of the
disease; this idea was supported by detection of similar
antibodies in patients without achalasia. In accordance
with the hypotheses, evidence of autoantibodies
against myenteric neurons were detected in serum
samples from patients with achalasia, especially in
[55]
carriers of HLA DQA1*0103 and DQB1*0603 alleles .
[30]
[6]
Recently, Kallel-Sellami et al , as well as our group ,
determined the levels of circulating anti-myenteric
antibodies in serum from patients with achalasia;
the measurements in both studies were carried out
with the commercially available kit Neurology Mosaic
1 (Euroimmun, Leubeck, Germany) that involves a
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standard indirect immunofluorescence screening assay
using frozen monkey nerves, cerebellum and intestinal
tissue as antigenic substrates. The prevalence of nuclear
or cytoplasmic circulating antibodies against myenteric
plexus in the sera from idiopathic achalasia patients
was 63% and 100% vs 12% and 0% in the sera from
healthy donors, respectively; moreover, most antibodies
showed positive reaction in the nuclear and nucleolar
[6,30]
compartments of cells in the myenteric plexus
.
These two studies also analyzed the target antigens
of circulating anti-myenteric autoantibodies by testing
sera with the Neuronal Antigens Profile Plus RST kit
(Euroimmun) that involves immunoblotting for a panel
of individual neuronal antigens, including amphiphysin,
CV2, PNMA2 (Ma-2/Ta), onconeuronal antigens (Ri, Yo,
Hu), recoverin, SOX-1 and titin. A majority (69%) of
the sera samples from the idiopathic achalasia patients
reacted with PNMA2 (Ma2/Ta), and a few (8%) reacted
with the recoverin antigen that is related to Sjögren’s
[6,30]
syndrome
.
Other autoantibodies have been detected in
serum from non-diabetic patients with achalasia,
including glutamic acid descarboxylase-65 (GAD65)
antibody, which showed a remarkably higher
frequency compared to the control subjects (21%
[29]
vs 2.5%) . The enzyme GAD65 converts glutamic
acid to gamma-aminobutyric acid, and is expressed
in GABAergic nerve terminals in the enteric nervous
system. GAD65 antibodies are reportedly present in
approximately 80% of patients with type Ⅰ diabetes
mellitus and in approximately 20% of patients with
various organ-specific neurological disorders, including
myasthenia gravis, Lambert-Eaton syndrome, auto
[29]
immune dysautonomias and encephalopathies .
Approximately 40% of the achalasia patients evaluated
in similar studies have shown at least one other
organ-specific autoantibody, namely thyroid or gastric
parietal cell antibodies, and > 40% of patients have
[23,29]
shown anti-nuclear antibodies
.

substitution in the tyrosine kinase domain and thus
constitutive activation of the oncogene. The MEN 2
mutation can manifest as one of three types of cancer
predisposition, all with an autosomal dominant mode
of inheritance; these include the familial medullary
[27]
thyroid carcinoma, MEN2A and MEN 2B forms .
Riley-Day syndrome (familial dysautonomia) and
Smith-Lemli-Optiz syndrome (elevated concentrations
of the 7- and 8-dehydrocholesterol due to reductase
[27]
deficiency) have also been linked to achalasia . The
combination of achalasia with Hirschsprung’s disease
[59]
or aganglionic megacolon has been also described .
Up to 2% of children with Down’s syndrome have
achalasia, presumably due to a significant reduction
in the number of neurons present in the esophageal
[56,60]
plexus of this population
. Finally, congenital central
hypoventilation syndrome has been also associated
[56]
with achalasia in children .
As idiopathic achalasia is a relatively rare disorder,
another approach to genetic analysis of these cases
has been to identify candidate genes via identification
of single nucleotide polymorphisms (SNPs) and
classification of their clinical phenotype. The neuronal
nitric oxide synthase (NOS1) gene is located on
human chromosome 12q24.2, and a disease-related
microsatellite (CA repeat) polymorphism has been
found within the 3’-untranslated region (UTR) of exon
29. Additionally, an exome analysis of two siblings
with infant-onset achalasia revealed homozygosity for
a premature stop codon in the gene encoding NOS1
(at residue Tyr1202, instead of at residue 1435).
Kinetic analyses and molecular modeling indicated
that the truncated protein product has defective
folding capacity, as well as defective capabilities for NO
[15,61]
production and binding of co-factors
. Other genetic
polymorphisms of NOS gene isoforms that have
been discovered involve the endothelial NOS4a4a,
[62]
inducible NOS22GA and neuronal NOS29TT . The
receptor of vasoactive intestinal polypeptide (VIPR1)
gene is located on chromosome 3p22. VIPR1 belongs
to the secretin receptor family, a group of G-protein
coupled receptors expressed by immune cells (T
cells, macrophages and dendritic cells) and myenteric
neurons of the distal esophagus and LES. It is highly
polymorphic, and five SNPs have been reported in
patients with late achalasia, including (rs421558)
intron-1, (rs437876) intron-4, (rs417387) intron-6,
[63]
and (rs896 and rs9677) 3’-UTR . The IL-23 receptor
(IL-23R) gene is located on chromosome 1p31 and its
encoded protein, IL-23R, is expressed by Th17 cells
and has been associated with chronic autoimmune
disorders. One study showed an IL-23R gene poly
morphism, wherein arginine replaces glutamine at
codon 381, as significantly more common in patients
[15,64]
with achalasia than in healthy controls
. The protein
tyrosine phosphatase non-receptor 22 (PTPN22) gene
is located on chromosome 1p13.3-p13, within a region
known to be associated with autoimmune disease;

Genetics

Genetic factors may play an important role in the
development and progression of achalasia. The
existence of familial cases suggests that achalasia
may be inherited and thus have a genetic component.
Furthermore, statistical correlations of achalasia
with well-defined genetic syndromes have been
found. For example, mutation in the ALADIN 12q13
gene, which is associated with Allgrove syndrome,
specifically (Triple-A) in exons 1, 2, 7, 8, 10-14 and
16, and a poly(A) tract, shows clinical manifestations
of achalasia, alacrima, and adrenocorticotrophic
[56-58]
hormone-resistant adrenal insufficiency
. In
addition, achalasia has been associated with the
multiple endocrine neoplasia type 2 (MEN 2) B
syndrome, specifically a germline mutation in exon 16
(M918T) of the RET proto-oncogene on chromosome
10q11 that leads to a methionine-threonine amino acid
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the encoded protein, an intracellular lymphoid-specific
tyrosine phosphatase (Lyp), is a down-regulator of T
cell activation. A SNP in the PTPN22 gene at position
1858C/T, which leads to a replacement of arginine with
tryptophan in codon 620, has been shown to increase
[15,65]
risk of achalasia in females of Spanish descent
.
Polymorphisms in the IL10 gene have been associated
with different autoimmune conditions, such as systemic
lupus erythematosus, type 1 diabetes, ulcerative
colitis and asthma; for achalasia, however, the GCC
haplotype of the IL10 promoter has been associated
[15,66]
with a lower risk of the disease
. Finally, polymor
phisms in the IL-33 gene, which encodes the IL-1
cytokine family member IL-33 and is known to play
a critical role in chronic inflammatory autoimmune
diseases, have been reported as more frequent in
females with achalasia, as compared to controls;
specifically, the polymorphisms are the rs3939286 SNP
[67]
and the rs7044343T/rs3939286A risk haplotype .
Human leukocyte antigen (HLA) class Ⅱ antigens
have also been associated with autoimmune diseases
such as systemic lupus erythematosus, Sjögren’s
syndrome, and other connective tissue diseases. In
addition, the myenteric infiltrates are predominantly
T cell lymphocytes than can recognize certain class Ⅱ
antigens. Associations between achalasia and HLA-DQβ1
(HLA-DQB1*05:03 and HLA-DQB1*06:01), HLA-DQα1
(HLA-DQA1*01:03), and HLA-DQβ1 (HLA-DQB1*03:01
[15,45]
and HLA-DQB1*03:04) have been determined
. In
fact, many studies have shown a positive association
with this disease and the various class Ⅱ HLA
antigens, including DQw1, DQA1*0103, DQB1*0601,
DQB1*0602, DQB1*0603, DQB1*0601, DQB1*0502,
and DQB1*0503 alleles, in Caucasians. Moreover,
patients with the DQA1*0103 and DQB1*0603
alleles have been shown to have a significantly higher
[37,54,55,67-70]
prevalence of anti-myenteric antibody
.
In a study of 1068 cases of achalasia from central
Europe, Spain and Italy, an 8-residue insertion at
position 227-234 in the cytoplasmic tail of HLA-DQβ1
(encoded by HLA-DQB1*05:03 and HLA-DQB1*06:01)
was characterized as conferring the strongest risk
for achalasia. Two amino acid substitutions in the
extracellular domain of HLA-DQα1 at position 41 (lysine
encoded by HLA-DQA1*01:03) and of HLA-DQβ1 at
position 45 (glutamic acid encoded by HLA-DQB1*03:01
and HLA-DQB1*03:04) were characterized as
[70]
independently conferring achalasia risk . Moreover,
the HLA-DQβ1 insertion was characterized as a strong
risk factor for achalasia and showed a particular
geospatial north-south gradient among Europeans. The
finding of this insertion being less common in northern
European populations, as compared with those from the
southern regions mirrored the differential prevalence
[4]
of the disease between populations . This geographic
profile may reflect a genetic predisposition, putting
certain individuals at increased risk of developing
achalasia, possibly after exposure to some particular
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environmental conditions. It is important to note, here,
that not all patients with achalasia carry the putative
“predisposing” HLA and not all people with the HLA
[37,71]
have the disease
.
Thus, the initial event that triggers achalasia may be
the result of a repetitive insult produced by neurotropic
[6,34-36,72,73]
virus infection, likely HSV-1
, which induces
a conspicuous and persistent inflammation at the
perineural level, in the myenteric plexus. Not all infected
patients will develop achalasia, on account of a genetic
predisposition to develop a chronic auto-inflammatory
response that has the potential to progress to the
[35]
disease (Figure 5).

THERAPEUTIC APPROACHES
Currently, there is no cure for achalasia. Treatment
goals are to ameliorate the patient’s symptoms,
improve esophageal body emptying and limit eso
phageal dilation, all of which can be accomplished by
resolving the esophageal outflow obstruction (Table
1). The different therapeutic approaches available
today, including pharmacotherapy, botulinum toxin
injections, endoscopical dilatations, esophageal stents,
peroral endoscopy myotomy and surgical treatment
for achalasia (Figure 6), all aim to treat the symptoms
but are not capable of use as preventives or address
[8,74,75]
the underlying pathology of the disease
.

Pharmacologic therapy

Calcium channel blockers, long-acting nitrates and
phosphodiesterase type 5 inhibitors, to name a
few, have been used for achalasia; however, none
has proven an effective therapy. Use of these drugs
is only recommended in the early stages of the
disease, as a temporary regimen immediately prior
to another definitive treatment, or in patients who
are unable or unwilling to undergo any other of the
[3,8]
therapeutic alternatives . Nevertheless, these drugs
are capable of providing a clinical response, albeit an
incomplete and short-acting one. Another important
feature of these drugs are the side effects, which are
generally poorly tolerated and span the spectrum from
inconvenient (headache) to severe (hypotension and
edema).

Endoscopic therapies

Botulinum toxin is a presynaptic inhibitor of acetyl
choline release from motor neurons. Endoscopic
intrasphinteric injection of botulinum toxin A has been
demonstrated as a safe approach to achieve shortterm improvement of symptoms (85% of the patients
[76]
experience improvement with a single injection) ;
however, this therapy loses efficacy over the longterm, resulting in patients frequently requiring
increasingly repeated injections (60% of patients
starting at 6 mo after the first injection, and 30% at
1 year after). Although some authors advocate for
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Figure 5 Proposed model of achalasia pathophysiology (modified from Furuzawa-Carballeda et al[6]). A: An initial active or latent infectious insult, likely
involving a neurotropic virus such as the herpes family of viruses or varicella zoster, which have predilection for squamous epithelium and neurons and may cause
ganglion cell damage which would be limited to the esophagus; B: Some individuals with genetic predisposition will progress with an aggressive inflammatory
response; C: At a very early stage of the disease, the inflammatory infiltrates may be predominantly composed of Th1, Th2 and regulatory cell subsets [T regulatory
cells (Tregs), B regulatory cells (Bregs) and plasmacytoid dendritic regulatory cells (pDCregs)]; D: Repair of tissue after injury would require orchestrated coordination
of several cell types and biosynthetic processes and would be coordinated by an interacting group of pro- and anti-inflammatory cytokines, fibrous extracellular matrix
(ECM) proteins to replace lost or damaged tissue, and products of metabolism such as oxygen radicals. The most prominent pro-fibrogenic cytokines are TGFβ, IL-4
and IL-13. ECM also mediates cellular crosstalk, and does so in two ways. Newly deposited ECM is then rebuilt over time to emulate normal tissue. Matrix proteinases
and their inhibitors (TIMPs) also are important, during wound repair, tissue remodeling and fibrosis. B’; E: If steps A-D occur repeatedly, such as in a chronic infection
condition, only those individuals with genetic predisposition to developing a long-lasting autoinflammatory response will progress to development of the disease
(loss of peripheral tolerance). Thus, autoinflammatory infiltrates would be predominantly composed of Th22, Th17 and regulatory subpopulations; F: Degeneration
and significant loss of nerve fibers, associated with autoinflammatory infiltrates of the myenteric plexus, provide evidence of an immune-mediated destruction of the
inhibitory neurons, not only by necrosis but also apoptosis (Fas/FasL overexpression); G: Autoimmune etiology of achalasia is further supported by the presence
of anti-myenteric autoantibodies in sera; H: Pathophysiologically, achalasia is caused by autoinflammation, degeneration of nerves in the esophagus, plexitis,
abnormalities in microvasculature, ganglionitis, and finally by the loss of inhibitory ganglion in the myenteric plexus. Red lines: Potential therapeutic targets.

its use as a bridge therapy, to be administered while
another definite treatment option is actively sought
for the patient under care, they note that it should be
[77]
applied with caution as it is not free of complications .
Perhaps botulinum toxin has a role in treating patients
[3,8,78]
in whom dilation or myotomy are contraindicated
.
Endoscopical dilatation (ED) has been demon
strated as the most effective nonsurgical treatment of
achalasia, but it has the highest rates of complications.
For this procedure, pneumatic dilators are preferred
over rigid and using a greater diameter of the dilator
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produces better long-term results (i.e., change
from 3.0 to 4.0 mm diameter increased the 4-year
follow-up success rate to 93%). Dysphagia success
rates at the 5-year and 15-year follow-ups were
[8]
reported as 40%-78% and 12%-58%, respectively .
The complications of ED are various and include
esophageal perforation (0%-16%; as low as 1.9% in
experienced hands), GERD (15%-33%) and intramural
hematomas. Due to the risk of esophageal perforation,
all patients must first be confirmed as candidates for
subsequent surgical interventions that will repair the
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Table 1 Current treatment options in achalasia
Treatment option

Pros

Oral agents

Cons

Success rate

Non operative patients, on demand, dose
adjustment
Short recovery, low procedure time, best
non-surgical method
Most durable effect

Pneumatic dilation
Heller myotomy
Self-expanding metal stent
POEM

Adverse events, low duration, not a definitive
method
Perforation, multiple procedures needed, post
procedure reflux
Not applicable for high risk surgical patients,
post-surgical reflux, anesthesia required
Good palliative option, high risk surgical Expensive, stent migration, reflux (single center
patients
experience)
Non-surgical, -low and -high risk patients
Complications (pneumothorax, reflux), not
widely available, expertise

28%-66% reduction of LES
pressure
66%-90% 1 yr and 48% 10 yr
93% 1 yr
69%-80% 10 yr
100% 1 mo,
83% 10 yr
5%-62% reduction of LES
pressure

Modified from Krill et al[90] and Dobrowolsky et al[92].

Achalasia

Assessment of life
expectancy and
comorbidities

Low risk
< 40 yr old

Heller myotomy

High risk

> 40 yr old
Failure

Pneumatic dilation

Failure

Pharmacologic

Botulinium toxin

Expandable stent

Repeat Heller
myotomy

POEM

POEM

Failure
Esophagectomy

Figure 6 Proposed algorithm for the treatment of Achalasia patients (modified from Sioulas et al[95]). Red single arrow: recommended strategy; Red bold
arrow: treatment for low-risk; Black single arrow: treatment for high-risk; Green dashed line: potential, low evidence treatment; Red dashed double arrow: alternative
for treatment failure.

damage, and in cases of GERD post-dilation proton
[3,8]
pump inhibitors are recommended .
Another treatment alternative for the treatment
of achalasia includes self-expanded metal stents
(SEMS). Experience is limited using this treatment
option and includes a study with 75 achalasia patients
in which a 30 mm SEMS was temporally placed under
fluoroscopic guidance. After 4-5 d, SEMS where
endoscopically removed and patients followed for up
to 10 years. Success rate at 1 mo was 100% and 83%
[79]
at 10 years . Another study compared the efficacy
of different SEMS diameters (20, 25 and 30 mm) in
achalasia patients. A total of 90 patients were included
and followed at 10 years and showed better success
rate (83.3%) with a 30 mm SEMS compared to lower
[80]
diameters . SEMS have shown promising results but
experience is limited to a single institution and cannot
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be widely recommended and more studies are needed
in order to include this in the treatment algorithm for
the treatment of achalasia.

Surgical therapies

The surgical approach that involves disruption of the
muscle fibers of the LES (known as a Heller myotomy)
has been demonstrated as very effective in treating
patients with achalasia. Since its first description
in 1913, this procedure has undergone multiple
modifications that have optimized its application and
[8,74]
outcome
. The current laparoscopic Heller myotomy
(LHM) has reported success rates of 95% and 75%
at 5-year and 15.8-year follow-ups, respectively.
Comparison of the LHM approach against a combi
nation approach of LHM + fundoplication showed that
the latter reduced GERD rates substantially (48%
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Table 2 Pathophysiology mechanisms and potential therapeutic targets in achalasia
Physiopathology mechanism
Incomplete relaxation of lower esophageal
sphincter

Loss of inhibitory ganglion neurons and
decrease of NO and VIP

Immune-mediate response, inflammation,
organ-specific autoimmune disease, and
autoantibodies that causes neuritis and
glanglionitis

Therapeutic target
3

Botulinum toxin injection[3,8,74-77]
3
Pneumatic dilatation[3,8]
3
Heller myotomy[8,74,81-84]
3
Self-Expanding metal stent[79,80]
3
POEM[85,86,91]
3
Nitrates administration (isosorbide dinitrate and nitroglycerin)[3,7,8]
1
Treatment with immunosuppressive drugs (prednisolone, methylprednisolone, beclomethasone,
methotrexate, azathioprine or cyclophosphamide) in the early stage of the disease[39,42,87,88]
2
Transplantation of neural progenitor cells[69,89]
1
Treatment with immunosuppressive drugs (prednisolone, methylprednisolone, beclomethasone,
methotrexate, azathioprine or cyclophosphamide) to avoid immune-mediate insult damaging the enteric
innervation. Suppress the whole activated immune system, exerts antiproliferative and pro-apoptotic
effects, particularly on activated T cells and suppress antibody formation by B cells[39,42,87,88]
2
Biologic therapy (monoclonal antibodies: TNF-a inhibitors, IL-6 inhibitor, anti-CD20 antibody, CTLA-4
antibody, IFN-g antibody, etc) in the early stage of the disease[48,93]
2
Administration of regulatory cells to downregulate inflammation and to induce immunological
tolerance[50-52]
2
Extracellular matrix remodeling (Polymerized type I collagen)[94]
2
Antiviral therapy in patients with recent-onset achalasia[6,34-36,72,73]

Fibrosis
Neurotrophic viral infection (Herpes
simplex virus, varicella zoster, measles, etc.),
molecular mimicry, bystander activation, viral
persistence and polyclonal activation
2
Genetics
Genomic medicine for decrease the effect of certain environmental factors, such as infectious agents, on
the burden of disease[61-66]
1

Drugs or experimental procedures with therapeutic benefit; 2Drugs or experimental procedures with potential therapeutic; 3Therapies with marginal
benefit.
[81]

vs 9%) . Of note, it is recommended to perform a
[82-84]
partial fundoplication after the Heller myotomy
.

years the immune-mediated hypothesis to explain
the pathophysiology of achalasia has gained strong
[6]
support based on objective evidence . Considering an
autoimmune etiology, it is theoretically reasonable to
treat patients with immune modulatory drugs in the
early stages of the disease, when there is presumably
still a number of functional neurons that can be
[69]
protected .
To our knowledge, there are only three case reports
of corticosteroid use (specifically of prednisolone,
methylprednisolone or beclomethasone) alone or
combined with other immunosuppressive therapy
(specifically of methotrexate, azathioprine or cyclo
phosphamide) for achalasia and the results show
dramatic improvement of the clinical picture, with
complete recovery of peristalsis corroborated by
[39,42,87,88]
HRM
. This feature reinforces the concept of
a cause-effect relationship of the immune-mediated
insult damaging the enteric innervation. Although
the studies show an important improvement, until
today there is no definitive evidence that has been
reported to support the widespread application of this
therapeutic approach. Thus, future studies to estimate
the benefit of immunosuppressive therapy are still
required.
A possible alternative therapeutic approach, which
still lacks strong evidential support, is transplantation
of neural progenitor cells. Recently, investigators
have demonstrated that stem cells with neurogenic
potential can successfully engraft, survive, migrate
and differentiate into neurons and glia within the

Peroral endoscopic myotomy

Peroral endoscopic myotomy (POEM) is a newly
developed technique that involves creation of a
submucosal tunnel to disrupt the muscular layers
of the esophagus, and it is considered a promising
approach for treating achalasia with minimal compli
[85]
cations. It was developed by Inoue et al
in 2010 as
a method that combines the benefits of myotomy with
those of an endoscopic application; since then, this less
invasive procedure has proven to be feasible, safe and
effective. A meta-analysis found that POEM efficacy
for dysphagia may be similar to that of laparoscopic
myotomy, but with the added benefit of a lower
[86]
hospital stay . Like myotomy, POEM modifies the LES
pressure and esophageal body motility. The rates of
short-term clinical success (at 1-year follow-up) have
been high, from 82% to 100%. Although long-term
outcomes have not been reported yet, the 2-mo, 2-year
and 3-year success rates are high, at 91.3%, 91.0%
[86]
and 88.5%, respectively .

NEW PERSPECTIVES AND FUTURE
TREATMENTS
The therapeutic approaches available today for
the treatment of achalasia implies the destruction
of the LES, rather than restoring or modifying the
underlying pathology of the disease. In the last 10
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aganglionic intestine. Moreover, preliminary evidence
has indicated that transplanted cell-based therapies
can lead to a functional recovery of aganglionic
[69,89]
gastrointestinal diseases, including achalasia
.
This finding opens a promising avenue of scientific
investigation for future studies to improve screening
[37,45,54,55,67-70]
for early diagnosis or genetic predisposition
for idiopathic achalasia.
Last but not least, the use of antiviral therapy in
patients with recent-onset achalasia is promising. By
this therapeutic approach, the antigenic challenge
would be eliminated and the immune response might
[6,34-36,72,73]
be controlled in these patients
(Figure 5 and
Table 2).
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CONCLUSION
14

New research has introduced different perspectives
regarding the possible etiology of achalasia. In the
last 10 years, the immune-mediated hypothesis
(as the primary pathophysiologic abnormality) has
gained strong objective support. Yet, the therapeutic
approaches available today for the treatment of
achalasia still do not resolve the cause of the disease;
instead, they target the consequences, focusing on
the destruction of the LES rather than on restoring
or modifying the underlying pathology. With better
understanding of the pathophysiology of achalasia,
new therapies may prevent permanent damage and
stop the disease at early stages.
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Abstract
Iron deficiency anemia (IDA) is associated with a number
of pathological gastrointestinal conditions other than
inflammatory bowel disease, and also with liver disorders.
Different factors such as chronic bleeding, malabsorption
and inflammation may contribute to IDA. Although
patients with symptoms of anemia are frequently referred
to gastroenterologists, the approach to diagnosis and
selection of treatment as well as follow-up measures is not
standardized and suboptimal. Iron deficiency, even without
anemia, can substantially impact physical and cognitive
function and reduce quality of life. Therefore, regular
iron status assessment and awareness of the clinical
consequences of impaired iron status are critical. While
the range of options for treatment of IDA is increasing
due to the availability of effective and well-tolerated
parenteral iron preparations, a comprehensive overview
of IDA and its therapy in patients with gastrointestinal
conditions is currently lacking. Furthermore, definitions
and assessment of iron status lack harmonization and
there is a paucity of expert guidelines on this topic. This
review summarizes current thinking concerning IDA as a
common co-morbidity in specific gastrointestinal and liver
disorders, and thus encourages a more unified treatment
approach to anemia and iron deficiency, while offering
gastroenterologists guidance on treatment options for IDA
in everyday clinical practice.
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of treatment approaches of IDA in GI conditions
is currently lacking. Furthermore, definitions of
IDA are inconsistent across clinical studies and
publications, with the terms “iron deficiency”, “iron
deficiency anemia” and “anemia” being used almost
interchangeably. In addition, the diagnostic markers
and cut-off levels used to define iron deficiency vary
widely. While anemia is clearly defined according to the
World Health Organization as a hemoglobin (Hb) level
< 12 g/dL in women (< 11 g/dL in pregnant women)
and < 13 g/dL in men, the situation is ambiguous
for iron deficiency. Commonly, serum ferritin levels
below 15-100 ng/mL (depending on the presence of
concomitant inflammation) and transferrin saturation
(TSAT) below 16%-20% are considered indicative of
[1,7,8]
iron deficiency
.
These aspects complicate the interpretation and
comparability of data and highlight the need for
standardization of definitions and proper assessment
of iron status across different GI and liver diseases.
Recently published reviews on IDA discuss IDA
[21,22]
in general
but give only little attention to the
fragmented yet consistent evidence that IDA is a
common issue in most GI conditions. The aim of this
review is therefore to illustrate how IDA represents
a common co-morbidity in these disorders, and to
encourage a more unified treatment approach to GI
condition-associated anemia and iron deficiency (ID).
Relevant articles were identified by screening
the PubMed database for articles on IDA or ID in
the context of GI or liver disease and associated
illnesses. Data reported in abstract form only were
identified by manual search through abstracts from
major congresses in the field. In addition, the authors’
own literature databases were screened for suitable
publications. The results were filtered for articles with
information on anemia prevalence and/or anemia
management. The last search was conducted in June
2015.

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

Core tip: Iron deficiency anemia (IDA) frequently
originates in the gastrointestinal (GI) tract and is a
common cause of patient referral to gastroenterologists.
Guidelines for the management of IDA in GI conditions
are lacking. Symptoms such as fatigue and impaired
exercise capacity should prompt a diagnostic workup for anemia (hemoglobin), iron status (transferrin
saturation, ferritin) and inflammation (C-reactive
protein). Treatment of IDA should aim to restore
normal hemoglobin levels, red cell indices and iron
status. Intravenous administration is the preferred iron
treatment in patients with chronic GI bleeding, patients
being unresponsive or intolerant to oral iron and
patients requiring rapid hemoglobin correction.
Stein J, Connor S, Virgin G, Ong DEH, Pereyra L. Anemia and
iron deficiency in gastrointestinal and liver conditions. World J
Gastroenterol 2016; 22(35): 7908-7925 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i35/7908.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i35.7908

INTRODUCTION
Iron deficiency anemia (IDA) is a common complication
in routine clinical practice that frequently originates
[1-3]
in the gastrointestinal (GI) tract . Patients with IDA
are therefore often referred to gastroenterologists for
further examination and/or treatment. IDA associated
with GI disorders can substantially reduce quality
of life, contribute to fatigue, and may even lead to
[4,5]
hospitalization .
In contrast to the well-documented inflammatory
[6,7]
bowel disease (IBD)-associated IDA , prevalence
data for IDA associated with other pathological
conditions of the GI tract are sparse (Table 1).
Guidelines for the diagnosis and management of
[8]
anemia and iron deficiency are available for IBD ,
but not for other GI conditions. Overall, there are
three main pathological contributors to IDA, namely
[9-13]
chronic bleeding, malabsorption and inflammation
.
However, other factors, such as poor or selective diet,
as well as iron malabsorption (e.g., due to decreased
gastric pH) should not be neglected in patients referred
for IDA assessment. This applies particularly to elderly
[14-18]
patients
.
Despite the increasing availability of effective and
well-tolerated parenteral iron preparations for the
[19,20]
treatment of IDA
, a comprehensive overview

WJG|www.wjgnet.com

ANEMIA AND ID IN DIFFERENT
CONDITIONS
Esophagitis and hiatal hernia

Gastric bleeding from Cameron lesions in large
diaphragmatic or hiatal hernia is an established cause
[23,24]
of IDA
. However, axial and paraesophageal hernia
without Cameron lesions can also be associated with
[25]
IDA . The reported incidence of IDA for all types of
hernia ranges from 8% to 42%, with an average of
[26]
20% .
Hiatal hernia increases the risk of IDA independent
[27]
of comorbid esophagitis . Suggested causes of herniarelated IDA are mechanical trauma plus esophagitis,
[25,26]
erosions or gastro-esophageal acid reflux
.
Notably, the absence of endoscopic evidence of
erosions in the majority of patients with hernia-related
[26]
IDA does not exclude their causal role . Therefore,
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Table 1 Overview of diseases considered to be associated with iron deficiency/iron deficiency anemia
Conditions

Anemia
or IDA
prevalence

Nonvariceal upper GI
bleeding[33]
Celiac disease[87-89]

32%-69%

Intestinal parasitic infections[151]

33%-61%

√

GI cancers[107,108,111,117,121-120]

50%-60%

√

Esophagitis and hiatal
hernia[23-26]

8%-42%

√

Bariatric surgery[77,196]

10%-40%

Intestinal failure[101-103]

30%-37%

√

Diverticular disease[144]

25%

√

6%-21%

√

10%-15%

√

5%
1%-2%

√
√

Restorative proctocolectomy[153]

NSAID-associated fecal blood
loss[1]
Angiodysplasia[1]
Gastric antral vascular ectasia
(GAVE)[1,48,55]
Gastritis[57,66]

80%

Predominant pathological contributors to
anemia
Bleeding
Malabsorption Inflammation
√
√

√

√
√

√

√

√

NA

√

√

Peptic ulcer[197]

NA

√

√

Chronic hepatitis and liver
conditions with GI bleeding[155]
Non-alcoholic fatty liver
disease (NAFLD)[171]

75%

√

NA

√

Association with anemia and ID

> 80% of patients admitted to hospital with nonvariceal
AUGIB were anemic at the time of discharge
Well-established relationship between celiac disease and
IDA
Most widely cited cause of IDA is abnormal iron
absorption, but bleeding and inflammation are also
known contributory factors
T. trichiura and hookworm infections are closely
associated with IDA
CRC: IDA associated with greater tumor diameter and
with cancers of the right side of the colon
Polyps: IDA much more common with malignant polyps
than benign polyps
GIST: Most frequent presentation is GI bleeding, which
can result in anemia. In pediatric GIST, anemia is the
most frequent clinical finding
Gastric cancers: 6.8-fold relative risk of gastric cancer in
patients with Pernicious anemia
Small bowel malignancies: Anemia among most
common presenting symptoms
Esophageal cancers: Patients with Fanconi anemia at
increased risk
Gastric bleeding from hernia is an established cause of
IDA
Even in absence of visible lesions, large hernia may be a
possible cause of IDA with unexplained etiology
ID and anemia are well-known risks after bariatric
procedures, but causes are multifactorial and vary
depending on exact procedure and patient population
Intestinal failure is associated with ID due to
malabsorption, GI blood loss, and multiple surgery
One of the most common causes of lower GI bleeding
leading to IDA
Increasing prevalence due to rise in elderly population
IDA due to mucosal bleeding and impaired iron
absorption in patients developing symptomatic or
asymptomatic pouchitis
Even low dose aspirin and non-aspirin-NSAIDs increase
mean fecal blood loss 2-4-fold compared with normal
Most common cause of lower GI bleeding in the elderly
Chronic, slow bleeding is typically associated with IDA
H. pylori infection suggested to play important role in
development of IDA
H. pylori infection and IDA as above. Additionally,
bleeding from ulcer
Chronic liver disease can be complicated by anemia,
particularly due to bleeding
One-third of adult NAFLD subjects are reported to be
iron deficient, defined by a TSAT < 20%

H. pylori: Helicobacter pylori; AUGIB: Acute upper gastrointestinal bleeding; CRC: Colorectal cancer; GI: Gastrointestinal; GIST: Gastrointestinal stromal
tumors; ID: Iron deficiency; IDA: Iron deficiency anemia; NA: Not available.

Nonvariceal upper GI bleeding

even if no lesions are visible during endoscopy, larger
hiatal hernia should still be considered as a possible
cause of IDA with unexplained etiology.
Surgery in combination with proton pump inhibitor
(PPI) therapy is evidently no better than PPI therapy
alone in treating and preventing the recurrence of IDA,
[26]
even in the case of larger hiatal hernia .

WJG|www.wjgnet.com

Acute upper gastrointestinal bleeding (AUGIB) is a
common disorder associated with a high mortality
[28-30]
rate of 3% to 15%
. While peri-endoscopic
management of AUGIB, including blood transfusions,
[31,32]
has been well characterized and standardized
,
guidelines for the monitoring and treatment of IDA in
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patients after non-variceal AUGIB are still lacking.
Recently, a retrospective study showed that more
than 80% of patients admitted to hospital with non[33]
variceal AUGIB were anemic at the time of discharge .
Of these, only 16% received a recommendation to
begin oral iron supplementation while intravenous iron
was not even considered, demonstrating that postdischarge anemia is often disregarded.
Studies analyzing the clinical impact and risks
associated with anemia after AUGIB are scarce. One
study revealed that patients with hemoglobin (Hb)
values < 10 g/dL after AUGIB had two-fold greater
risks of re-bleeding and mortality than patients with
[34]
Hb values ≥ 10 g/dL .
A double-blind, placebo-controlled trial, recently
demonstrated that patients with IDA after non-variceal
[9]
AUGIB clearly benefit from iron supplementation . In
this study, oral and intravenous iron appeared to be
equally effective in raising Hb levels, probably since
most patients were not iron deficient at enrolment.
However, iron stores (measured as serum ferritin)
were replenished most effectively with intravenous iron
supplementation.
Regarding the transfusion of red blood cell con
centrates (RBC), a recent study in patients with AUGIB
[35]
(TRIGGER)
suggests that the Hb threshold for RBC
transfusion can be safely lowered without adversely
affecting clinical outcomes. This is in line with results in
other indications such as cardiac surgery, critical care
and hip surgery. Accordingly, restrictive Hb thresholds (<
8.0 g/dL) should be considered except for patients with
[35,36]
ischemic heart disease as pre-existing comorbidity
.

antral vascular ectasia (GAVE), although being distinct
[47]
entities , can cause chronic gastrointestinal blood
[48,49]
loss in patients with liver cirrhosis
. Most frequently
found in association with liver cirrhosis, PHG can also
occur in non-cirrhotic patients (e.g., splanchnic venous
[50]
thrombosis) . The management of PHG is based on
reducing hepatic venous pressure gradients and iron
replacement therapy and/or blood transfusions. Severe
[51-53]
cases may require shunt procedures
.
[54]
GAVE, first described in 1953
in a patient
with chronic IDA, accounts for up to 4% of all nonvariceal upper gastrointestinal bleedings. Although
cirrhosis is found in up to 30% of GAVE patients
and occurs in about 2% of patients awaiting liver
[49,55,56]
transplantation
, portal hypertension does not
seem to play an important role in the development of
GAVE. Treatment comprises, in general, endoscopic
interventions (e.g., Argon plasma coagulation, Nd:
YAG laser) and surgical procedures (e.g., antrectomy
and Billroth I anastomosis) to manage lesions, and
symptomatic therapy with iron supplementation or
blood transfusions, depending on the severity of
[49-52]
anemia
.

Autoimmune atrophic gastritis

Autoimmune gastritis (AIG) is implicated in 20%-30%
[57,58]
of IDA cases that are refractory to oral iron
.
AIG, first described by Faber in 1909 as achlorhydric
gastric atrophy, is a chronic progressive inflammatory
condition leading to the decrease or disappearance of
parietal cells, which results in reduced or absent acid
[59]
production (hypochlorhydria or achlorhydria) .The
lack of gastric acidity has only recently been confirmed
[60]
as key factor for impaired intestinal iron absorption .
IDA is more often associated with AIG than classical
pernicious anemia and frequently precedes vitamin B12
[61,62]
deficiency (at least in fertile women)
.

NSAID-associated fecal blood loss

The administration of nonsteroidal anti-inflammatory
drugs (NSAIDs) is known for its association with
[37-39]
upper and lower GI injury
. This injury can include
[40-42]
bleeding
which may be severe enough to result
[43,44]
in hospitalization
. Even low dose aspirin as well
as non-aspirin-NSAIDs increase mean fecal blood
loss from roughly 0.5 mL/d to 1-2 mL/d (i.e., 0.5-1.0
[42]
mg iron loss/d) . Among patients treated with
aspirin doses ≥ 1800 mg/d, 31% had a blood loss
of ≥ 5 mL/d (i.e., ≥ 2.5 mg iron loss/d). Although
cyclooxygenase-2 (COX-2) inhibitors are associated
with fewer GI injuries than traditional NSAIDs, longterm use of a COX-2 inhibitor may also induce GI
injuries and require concomitant medication for
[45]
associated anemia and small intestinal injuries .
Notably, routine endoscopic examination may not
reveal NSAID-induced GI injuries. Therefore, capsule
endoscopy is recommended to screen for GI injuries
in patients taking NSAIDs and presenting with
[41,45,46]
unexplained anemia or ID
.

Helicobacter pylori gastritis

IDA is a recognized extragastric manifestation of
[63]
Helicobacter pylori (H. pylori) infection . Over 50%
of patients with unexplained refractory IDA have active
[57,58]
H. pylori infection
. Data, showing that H. pylori
eradication reverses IDA, were confirmed by several
observational and interventional trials, subsequently
summarized in two meta-analyses of randomized
[57,64,65]
controlled trials
. Accordingly, the Maastricht IV
[66]
H. pylori consensus report
and other national and
[67-69]
international guidelines
recommend H. pylori
eradication for the treatment of IDA of unknown
origin. Notably, Bismuth-based eradication therapy is
more effective in terms of increasing hemoglobin and
iron stores than first line PPI-based triple therapy in
[63]
patients with IDA and H. pylori infection .
Discussed mechanisms underlying the pathogenesis
of H. pylori-related IDA include occult chronic GI
bleeding due to gastric mucosal microerosions,
competition for dietary iron by the bacteria, reduced

Portal hypertensive gastropathy and gastric antral
vascular ectasia

Portal hypertensive gastropathy (PHG) and gastric

WJG|www.wjgnet.com

7911

September 21, 2016|Volume 22|Issue 35|

Stein J et al . IDA in GI and liver conditions

Uses iron for own growth and
proliferation

Increased hepcidin
synthesis

Reduced intragastric
content of vitamin C

Microerosions and chronic
bleeding

Reduced intestinal iron absorption and
utilization from iron stores

Iron depletion

Iron deficiency anemia

Figure 1 Pathogenic mechanisms proposed to be involved in the association of iron deficiency anemia and Helicobacter pylori infection[63].

is complicated by different definitions of ID and IDA,
postsurgical follow-up periods, types of interventions
[80]
and patient populations . In a large, patient record
review of 959 patients who underwent laparoscopic
Roux-en-Y gastric bypass (RYGB) between 2001
and 2011, 51.3% were iron deficient and 6.7%
[81]
required intravenous iron therapy . Amongst these
patients, the prevalence of ID is significantly higher
in premenopausal women than in postmenopausal
women and males (72% vs 35% and 20%). Com
paring different types of surgery, a cross-sectional pilot
study of 95 patients showed no significant difference
in ID rates after RYGB or sleeve gastrectomy (30% vs
[82]
36.4%) .
Since oral iron substitution has been shown to
be relatively ineffective following bariatric surgery,
and tolerance to oral iron preparations is often poor,
intravenous iron treatment has been put forward as
[77]
a preferable option . Some authors suggest that
repeated doses of intravenous iron may be required
[83]
over the course of a year .
Ferric carboxymaltose (FCM) showed promise
for the treatment of IDA in five phase 3 clinical trials
involving 281 patients who had undergone bariatric
[84]
surgery . FCM exhibited similar or improved efficacy
in terms of increasing hemoglobin, ferritin and
transferrin saturation (TSAT) values and a favorable
safety profile compared with standard medical care
(iron sucrose, ferric gluconate, iron dextran or oral

ascorbic acid concentration in the gastric juice, affecting
the absorption of dietary iron and upregulation of
proinflammatory cytokines and hepcidin, the key
[57,70-72]
regulator of iron homeostasis (Figure 1)
. In one
study, H. pylori strains retrieved from patients with
IDA exhibited faster, iron-dependent cell growth and
an enhanced iron uptake than strains from patients
[73]
without IDA . Furthermore, H. pylori accelerates
the development of inflammation, dysplasia and
adenocarcinoma (mediated by the H. pylori virulence
factor cytotoxin-associated gene A [CagA]) in an
[74-76]
ID environment
. CagA also facilitates H. pylori
colonization through iron acquisition, indicating that
CagA provides a survival advantage for H. pylori in this
setting.

Bariatric surgery

There is growing evidence of potentially severe,
occasionally even life-threatening, nutritional and
[77]
pharmacological consequences of bariatric surgery .
ID and IDA after bariatric procedures can result
from intestinal bleeding (e.g., from marginal ulcers)
or reduced iron absorption due to postoperative
intolerance for red meat, diminished gastric acid
secretion or exclusion of the duodenum from the
[78,79]
alimentary canal
.
The reported incidence of ID in patients following
[77]
gastric bypass surgery ranges from 12% to 47% .
However, the interpretation of reported incidence rates
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[101-103]

iron). In addition, FCM offered the possibility for larger
single-dose administrations at fewer visits compared
[84]
to iron sucrose, ferric gluconate and oral iron .

for ID, and 30%-37% for IDA
. A study from
the Mayo Clinic, including 185 patients, showed that
IDA developed much more rapidly in patients with
fistula and bowel obstruction than in those with short
[104]
bowel syndrome (SBS) and dysmotility
. Despite
the high prevalence of ID, iron is not routinely added
to parenteral nutrition formulations because of the risk
of anaphylaxis and concerns about incompatibilities.
Although data describing the compatibility of iron
supplementation with parenteral formulations are
[105]
conflicting
, iron dextran has been found to be
compatible with lipid-free solutions at an amino acid
[106]
concentration > 2%
. A safer approach would
prescribe intermittent infusion of therapeutic iron doses.

Celiac disease

Celiac disease is one of the most common chronic
inflammatory conditions of the GI system, affecting
[85]
about 1% of the population . There is a wellestablished relationship between celiac disease and
[86]
IDA . Anemia is the most common presenting
symptom of celiac disease, found in 32%-69% of adult
[87-89]
patients
. Approximately 80% of anemic patients
[88,89]
with celiac disease are also iron-deficient
. In 49%
of anemic patients with celiac disease, ID was found
[87]
to be the only detectable abnormality . Conversely,
among patients presenting with unexplained IDA, 5%
[57,90,91]
have histologically-confirmed celiac disease
.
Impaired iron absorption (due to villous atrophy of
the intestinal mucosa) and blood loss are important
[92]
pathological contributors to anemia in celiac disease .
Occult GI bleeding was detected in about half of
patients with celiac disease adhering to a gluten[93]
free diet . In some patients, nutritional deficiencies
[94]
may also be a (contributing) causative factor .
Inflammation is a major contributor to IDA, with
interleukin (IL)-1, IL-6, IL-10, interferon (IFN)-γ
and tumor necrosis factor (TNF)-α as inducers of
[92,95]
hepcidin, the main regulator of iron homeostasis
.
Accordingly, celiac disease-related IDA is refractory to
[57,92,96]
oral iron treatment
, and even after switching to
a gluten-free diet, it takes 6-12 mo until most patients
[97]
recover from anemia . Notably, half of patients
remain iron-deficient even after 1-2 years on a glutenfree diet. The slow or lacking recovery from ID may
be due to the low absorption rate of nutritional iron
(1-2 mg/d), which hinders the repletion of severely
depleted iron stores, and the potentially low content of
[98]
iron and other micronutrients in a gluten-free diet .
Therefore, patients with celiac disease clearly
benefit from immediate intravenous iron treatment
instead of switching to intravenous iron only after
(foreseeable) non-response and/or intolerance to oral
[96]
iron .

GI cancers

Anemia and IDA are common in patients with colorectal
[107-111]
cancer (CRC), with a prevalence of 50%-60%
.
Risk factors for anemia in patients with CRC are greater
tumor diameter and cancer in the right side of the
[108,112]
colon
. CRC is a cause of lower GI bleeding in
[113]
11% to 14% of cases
, and malignant polyps are
associated with greater blood loss and more frequent
[114]
occurrence of IDA than benign polyps .
Anemia has also been described in the context
of gastrointestinal stromal tumors (GIST), which
are frequently associated with acute or chronic
[115,116]
bleeding
. In pediatric GIST, anemia is the most
frequent clinical finding (86% with symptomatic
[117]
anemia)
. Notably, anemia is also one of the most
frequent side effects of imatinib, the standard treatment
for advanced/metastatic GIST, including small bowel
[118,119]
cancers
. In addition to IDA, other specific forms of
anemia such as pernicious anemia and Fanconi anemia
are also increased in patients with gastric cancers
[120]
(6.8-fold relative risk of pernicious anemia) , small
[121]
[122]
bowel malignancies
and esophageal cancers .
Notably, ID (with or without anemia) is associated
with an increased risk of GI malignancy 2 years after
[123]
diagnosis of ID
. Therefore, unexplained IDA is an
[108]
important measure for detection of GI malignancy .
In patients with advanced CRC, Hb levels < 11 g/dL
[124]
are a poor prognostic factor
and prompt referral
as well as investigation of IDA are recommended in
[124-126]
[127]
patients with CRC
and cancers in general
.
However, treatment options for IDA are not discussed,
as the guidelines primarily focus on surgical follow-up
for CRC.
Since CRC surgery may result in significant blood
loss, perioperative allogeneic blood transfusion (ABT)
[128,129]
has often been used in CRC patients
. However,
ABT is associated with certain risks, such as an
increased infective complication rate and increased
[130-132]
disease recurrence
. Furthermore, ABT involves
[133]
significant cost
, and RBCs are an increasingly
limited resource. Therefore, alternative options such
as perioperative intravenous iron administration
[19,128,129,134]
have been examined
and a multicenter

Intestinal failure

Intestinal failure (IF) results from obstruction,
dysmotility, surgical resection, congenital defect,
or disease-associated loss of absorption, and is
characterized by the inability to maintain protein[99]
energy, fluid, electrolyte, or micronutrient balance . In
patients suffering from IF, total parenteral nutrition (TPN)
is a life-saving intervention until full or partial recovery
[100]
of enteral nutrition (EN)
. Nevertheless, patients
with IF are prone to ID as a result of malabsorption,
gastrointestinal blood loss and multiple surgical
procedures. Accordingly, ID is the most common
micronutrient deficiency during and after transition
from TPN to EN, with reported incidences of 60%-80%
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Intestinal parasitic infections

randomized controlled trial comparing intravenous ferric
carboxymaltose with oral iron as preoperative anemia
[135]
treatment in colorectal cancer patients is ongoing .
One randomized prospective placebo-controlled pilot
study showed preoperative intravenous iron sucrose
(total iron dose 600 mg) to have no effect on serum
Hb concentration or the rate of blood transfusion
in 62 patients scheduled for resection of suspected
[128]
colorectal cancer
. However, the trial included only
11 patients with confirmed anemia, while 22 had a
normal Hb, and in 29 patients, there was no recent
record of anemia status at all. Furthermore, a Hb
increase of 0.5 g/dL, defined as the primary endpoint, is
clinically insignificant and unlikely to have an impact on
[136]
perioperative transfusion requirements . In general,
a Spanish expert panel on alternatives to allogeneic
blood transfusion suggests perioperative intravenous
iron administration to anemic patients scheduled for
[137]
gastrointestinal surgery
; yet overall, there are
only few high-quality prospective studies of sufficient
[138]
power .

Several studies have shown parasitic infections,
especially T. trichiura and hookworm infections, to be
[150-152]
closely associated with IDA
. Hookworm infections
are associated with mucosal damage and endogenous
[151]
loss of iron
, while T. trichiura and E. histolytica
cause bleeding and dysentery by invading the mucosa
of the large intestine. Accordingly, intestinal parasitic
infections are recognized as predictors of IDA.

Restorative proctocolectomy

A frequent complication of restorative proctocolectomy
is pouchitis, which in turn is associated with IDA
(6%-21% of patients with functional pouches) due to
[153]
mucosal bleeding and impaired iron absorption
.
Notably, pouchitis can be asymptomatic but still
be associated with IDA, as can pouches in the
abscence of pouchitis. In patients that are intolerant
or unresponsive to oral iron, intravenous iron and
erythropoiesis-stimulating agent (ESA) treatment can
correct the anemia. Another deficiency, vitamin B12
deficiency, occurs in 25%-53% of pouch recipients
(compared to 3%-40% in the general population),
being also a frequent cause of anemia. In general,
vitamin B12 deficiency can be resolved with oral
[153,154]
cyanocobalamin
, suggesting a post-procedural
change in dietary habit as the main reason for this
deficiency.

Diverticular disease

Diverticular disease, one of the most common causes
[113,139]
of lower GI bleeding
, accounts for 30%-50% of
[140]
massive lower GI bleeding cases . Diverticulitis is a
major healthcare problem which often requires surgical
[141]
management to optimize patient outcomes
.
Despite reports of IDA associated with clinical cases
[142,143]
of diverticulitis
, information on prevalence is
lacking. In a study of 1124 cases of colonic diverticular
disease seen at a hospital clinic during a 15-year
period, 44 (3.9%) had diverticular hemorrhage and
[144]
25% of these patients had anemia (Hb < 12 g/dL) .
Anemia was most frequent in elderly patients (60
years and upwards) and those with acute bleeding.

Chronic hepatitis and liver conditions

Among patients with chronic liver disease, 75%
[155]
are anemic
, mainly due to acute or chronic GI
hemorrhage which may lead to iron deficiency as a
consequence. Acute gastrointestinal hemorrhage is a
potentially serious complication of portal hypertension
and the second most common cause of mortality in
patients with cirrhosis. The increased risk of bleeding
in severe hepatocellular disease can result from
impaired blood coagulation due to reduced synthesis
of blood coagulation factors by hepatocytes, and
lower thrombocyte numbers. Initial treatment aims to
correct hypovolemia and restore stable hemodynamic
function (e.g., gelatin-based colloids, solutions of
[155]
human albumin or red blood cell transfusion)
. In
addition, IDA caused by chronic blood loss may be
treated with oral iron or intravenous iron in cases of
advanced chronic liver disease.
Notably, anemia is frequently associated with both
peginterferon (PEG-IFN) and ribavarin (RBV) in the
treatment of chronic hepatitis C virus (HCV) infection,
particularly when these drugs are administered in
[156-158]
combination
. According to the WHO guidelines,
grade 1 anemia (Hb 10-11 g/dL) has been reported
in up to 30% and grade 2 (< 10 g/dL) in 9%-10% of
cases. The addition of direct-acting anti-virals (DAAs)
such as telaprevir (TVR) or boceprevir (BOC) as part of

Angiodysplasia

Angiodysplasia is a poorly understood clinical condition
involving fragile, thin-walled vascular malformations
which are susceptible to rupture, and may thus cause
[145]
severe GI bleeding . Angiodysplasia accounts for up
to 5% of cases of GI bleeding overall and up to 40%
[146,147]
of obscure GI bleeding cases
. Angiodysplasia
has been found to be present in 61% of patients over
[148]
the age of 60, often with co-existing conditions
.
Chronic angiodysplasia can be difficult to manage due
to frequent rebleeding of multiple lesions clustered
in different localizations of the GI tract and therefore
[149]
frequently results in chronic IDA .
In the past, patients with angiodysplasia commonly
had numerous and frequent blood transfusions
and suffered end-organ damage due to refractory
[149]
anemia . Modern intravenous iron preparations can
be considered a valuable treatment option if blood loss
[149]
exceeds 10 mL/d (i.e., around 5 mg iron) .
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Iron is critical for
optimal functioning
and survival of living
structures:

Iron deficiency results in:

Mitochondria
Mitochondrial dysfunction
Deranged enzyme activity
Abnormal transport and structural proteins
Apoptosis

Tissue remodelling
Impaired organ efficacy

Impaired exercise capacity
Reduced work efficacy
Impaired cognitive performance and behavior
Increased morbidity and mortality

Figure 2 Role of iron in essential cellular functions[178].

the more effective antiviral triple combination therapy
has been shown to increase anemia by up to 20%
compared to PEG-IFN/RBV in both treatment-naïve and
[159-163]
-non-naïve patients
. Since this treatment-induced
anemia is mainly due to hemolysis, dose reduction
of RBV by up to 50% is recommended, followed by
[156,164-166]
administration of recombinant erythropoietin
.
Evaluation of inosine triphosphatase polymorphisms
may help to predict the risk of anemia and response to
[156,167-169]
treatment
. Second generation DAAs, including
simeprevir (SMV), sofosbuvir (SOF), daclatasvir (DCV),
and ledipasvir (LDV), approved in combination (e.g.,
SOF/SMV) as IFN-free regimens for the treatment of
genotype 1 HCV infection, offer significantly greater
cure rates and shorter treatment duration, and have
been associated with lower incidence rates of anemia,
[170]
ranging from 5% to 20% .

may increase hepcidin levels and contribute to ID, but
hepcidin is appropriately downregulated after ID is
[171]
established
. Similar results of decreased intestinal
iron absorption that are inversely associated with
serum and urinary hepcidin levels have been reported
[172]
in dysmetabolic iron overload syndrome (DIOS)
which is associated with half of NAFLD cases. Based
on hepatic gene expression studies in pediatric
patients with non-alcoholic steatohepatitis (NASH), it is
hypothesized that, (1) a decreased level of transferrin
receptor Ⅰ in NASH patients is an indicator of reduced
erythropoietic activity in the bone marrow, a typical
feature of anemia of chronic inflammation; and (2)
that elevated expression of transferrin and transferrin
receptor Ⅱ may result in the upregulation of hepcidin,
leading to impaired duodenal iron absorption. In
addition, the authors demonstrated that elevated
serum ferritin levels do not reflect increased hepatic
iron stores in patients with NASH, but are rather
a consequence of hepatic and/or obesity-related
[173]
inflammation .

Non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease (NAFLD) is becoming
the most common liver disease worldwide (estimated
prevalence of 25%-30%), with one-third of adult
[171]
patients being iron deficient (TSAT < 20%) . ID was
significantly associated with female gender, obesity,
increased BMI, lower alcohol consumption, nonwhite race and increased levels of IL-6 and IL-1ß. In
contrast to patients with obesity-related, low-grade
inflammation, serum hepcidin levels were low in NAFLD
subjects with ID, reflecting an appropriate response
of hepcidin signaling to ID. The authors concluded
that initially, obesity-induced systemic inflammation
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DISCUSSION
While the origin of IDA is often multifactorial, a close
relationship with various GI conditions has been
[1,2]
established (Table 1) . Nevertheless, management
[1,4]
of patients with IDA often remains inadequate .
Even without anemia, ID can have a substantial
impact on physical and cognitive function and quality
[174-177]
of life (e.g., fatigue)
(Figure 2). This supports
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Hb < 12 g/dL (♀) or <13 g/dL (♂)
1

Ferritin < 30 ng/mL or TSAT < 20% or %HYPO > 5 or CHr < 29 pg
Hb 7-10 g/dL (♀) or 7-11 g/dL (♂)

Hb 10-12 g/dL (♀) or 11–13 g/dL (♂)

No inflammation
(CRP < 5 mg/L)

Oral iron

Hb < 7 g/dL

Intolerance/no adherence
No efficacy

Clinical
symptoms

No clinical
symptoms

Inflammation
(CRP ≥ 5 mg/L)

2

No efficacy
Intravenous iron

2

Add ESA
No efficacy

ID and anemia corrected

2

Blood transfusion

Periodic assessment
(TSAT, ferritin, Hb, CRP)

Maintain target Hb and iron status
with minimum treatment

Figure 3 Suggested approach for the assessment and treatment of iron deficiency/iron deficiency anemia in clinical practice. 1In patients with inflammation,
ferritin levels < 100 ng/mL should be considered as iron-deficient; 2Hb increase < 2 g/dL in 4 wk. Stein et al[6]. CHr: Hemoglobin content of reticulocytes; CRP: C-reactive
protein; ESA: Erythropoiesis-stimulating agent; Hb: Hemoglobin; %HYPO: Percent hypochromic red blood cells; ID: Iron deficiency; IDA: Iron deficiency anemia;
TSAT: Transferrin saturation.
[180]

the need for regular assessment of iron status and
consideration of the clinical consequences of any
disturbance of iron status. Patients with typical GI
symptoms, such as epigastric pain, change in bowel
habit, weight loss, early satiety, or poor appetite, should
be assessed for ID and anemia, since these symptoms
are often associated with acute or chronic blood loss,
[5]
malabsorption and/or chronic inflammation . In the
planning of treatment for ID/IDA and the selection
of the iron administration route, the frequency and
magnitude of blood loss as well as the known side
[4]
effects of oral iron should be considered .
Although chronic GI bleeding and malabsorption
in GI conditions are well-recognized causes of ID/
[5,12,13]
IDA
, other factors such as age and chronic
inflammation that inhibit iron availability via increased
[2,15,179]
hepcidin levels should also be borne in mind
.
Normal iron homeostasis is based on two pillars:
absorption of nutritional iron by enterocytes in the
duodenum and upper jejunum (1-2 mg/d), and
recycling of iron via phagocytosis of senescent red
[179]
blood cells (20-25 mg/d) . Absorbed or recycled iron
is transiently stored in the monocytes/macrophages
of the reticuloendothelial system, from where it is
released via ferroportin, loaded on transferrin and
transported to the bone marrow for erythropoiesis.
Hepcidin is a key regulator of iron homeostasis,
blocking the ferroportin-mediated release of iron
from enterocytes and macrophages, and impairing
the utilization of nutritional or supplemental oral iron.
In patients with inflammation, iron release from the
reticuloendothelial system is reduced to 44% of that
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measured in normal subjects .
Diagnosis of anemia and ID involves standard
laboratory tests (Hb, serum ferritin, TSAT) and blood
counts, with low serum Hb or abnormal red blood cell
indices usually being the initial finding in a routine
[5,181]
complete blood count
. In some regions, anemic
patients should be tested for hemoglobinopathies
to exclude genetic reasons for anemia. Since little
consensus exists among guidelines on different GI
conditions as to the level of anemia that requires
follow-up, it has been recommended that any degree
of anemia should be further investigated for the
[1]
presence of ID (Figure 3) .
In clinical practice, iron status is mainly assessed
[182]
on the basis of serum ferritin levels
. However,
serum ferritin is subject to gender differences and
falsely elevated levels in populations with inflammatory
[181]
reactions since it is also an acute-phase reactant
.
Therefore, the diagnostic workup of anemic patients
(i.e., men with Hb < 13 g/dL or non-pregnant women
with Hb < 12 g/dL) should include CRP, to detect
underlying inflammatory reactions (suggested cutoff 5 mg/L), and TSAT (suggested cut-off 20%), a
marker of low iron availability that is less affected by
[181,182]
inflammatory reactions
.
Additional markers of ID include the percentage
of hypochromic red cells (%HYPO, suggested cutoff 5%) and the hemoglobin content of reticulocytes
(CHr, suggested cut-off 29 pg) as well as serum
levels of soluble transferrin receptors (sTfR) and zinc
[17,181]
protoporphyrin (ZPP)
. Since sTfR levels reflect the
erythropoietic activity rather than the iron status, sTfR
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has been vastly improved by new, well-tolerated
[57,149,187]
preparations
. A review issued by the United
States Food and Drug Administration (FDA) studying
serious adverse reactions across different intravenous
compounds (iron sucrose, ferric gluconate and low
molecular weight iron dextran) showed a cumulative
[188,189]
rate of only < 1:200000
. In 2013, the European
Medicines Agency (EMA) published an assessment
[190]
report
concluding that the benefits of intravenous
iron-containing medicinal products continue to out
weigh the risks in the treatment of iron deficiency
when the oral route is insufficient or poorly tolerated.
Notably, the EMA removed the necessity of a test
dose, yet trained staff and resuscitation facilities to
manage anaphylactic or anaphylactoid reactions
should be available when any intravenous iron product
is administered.
Traditional calculation of iron deficits (iron doses)
with the Ganzoni formula is error-prone, inconvenient
[191]
and underestimates iron requirements . Accordingly,
a more simple fixed-dose regimen (of ferric carboxy
maltose) based on Hb and body weight (Table 2) was
tested in IBD patients, and found to be superior to the
Ganzoni-calculated dosing (of iron sucrose) in terms of
[192]
efficacy and compliance . This novel dosing scheme
can equally be utilized as a simple dosing guide for
other patient groups and iron formulations that can
be given at doses of 1000 mg per administration for
efficient and rapid iron replenishment. Most clinical trial
and observational data on high dose iron administration
have been generated with ferric carboxymaltose and
low molecular weight iron dextran. In cases of severe
anemia, the iron dose should be increased by 500 mg.
In response to parenteral iron administration,
serum ferritin is greatly elevated for the first 8 wk after
infusion. Therefore, ferritin should be monitored only
after 8-12 wk, and in case of iron overload (TSAT >
50%), treatment should be adjusted accordingly.
Treatment response to intravenous iron replacement
can be defined as an increase in hemoglobin levels
of ≥ 2 g/dL within approximately 4-8 wk of infusion
and restoration of appropriate iron availability (TSAT
≥ 30%). Patients who show limited or no response to
intravenous iron therapy, especially those with anemia
of chronic inflammation, should be considered for
adjunctive treatment with ESAs (target Hb level ≤ 12 g/
dL). Overall, intravenous iron replacement is increasingly
[1,5,8,149]
recommended by gastroenterologists
.
Regardless of the route chosen, iron therapy must
continue after resolution of anemia until iron stores
[4]
are completely replenished . Once Hb levels and red
cell indices have been normalized, they should be
[1]
monitored at regular intervals . The authors of the
British Society of Gastroenterology guidelines propose
assessments at 3-monthly intervals for one year, then
after a further year, and immediately if symptoms of
[1]
anemia reoccur .
Blood transfusions should be used only as a last

Table 2 Estimated total iron deficit (mg elemental iron)
based on hemoglobin and body weight
Degree of iron
deficiency
Moderate
Severe
Critical

Hemoglobin level
(g/dL)

Iron deficit (mg)
Body weight
< 70 kg

Body weight
≥ 70 kg

1000

1500

1500
2000

2000
2500

10-12 (women)
10-13 (men)
7-10
<7

Simplified scheme for estimation of total iron requirements[6].

cannot be used in patients treated with ESAs.
Analogous to patients with IBD, iron replacement
should also be initiated in non-IBD patients, once
IDA is clearly ascertained or deemed likely based
on assessed iron markers. Treatment options for
IDA include oral and parenteral iron, erythropoiesisstimulating agents and blood transfusions. There is
widespread support for iron supplementation both
for the correction of anemia and for replenishment of
[1]
body iron stores . Currently, the first-line approach
for treating IDA is oral iron; usually, 200 mg iron is
administered twice daily, but lower doses may be as
[1]
effective and better tolerated . However, the efficacy
of oral iron may be limited when GI uptake is impaired
(e.g., due to chronic inflammatory conditions, celiac
disease or duodenal resection) or patient compliance
is poor (e.g., due to gastrointestinal side effects such
[8]
as nausea, flatulence and diarrhea ). Also large iron
deficits that result from chronic or acute GI bleeding
or perisurgical blood loss cannot be adequately and
quickly counteracted with oral iron. Notably, oral iron
[4,7]
can exacerbate existing symptoms of GI disease ,
and particularly oral ferrous salts lead to oxidative
stress, as evidenced by increased levels of non[183]
transferrin bound iron (NTBI) .
Intravenous iron has proven its efficacy and
tolerability in a wide range of therapeutic areas,
and is recommended in respective treatment guide
[1,8,127,184-186]
lines
. In particular, parenteral iron is con
sidered advisable for patients with GI conditions
who cannot be treated adequately with oral iron
supplements due to severe GI side effects, inadequate
absorption, or anemia requiring urgent correction.
Intravenous iron replacement facilitates faster correction
of ID and avoids GI side effects by bypassing the GI
tract. Although intravenous iron is more costly than oral
treatment, administration by a medical professional
ensures compliance and more reliable repletion of iron
stores which in turn may prevent anemia recurrence
and related treatment costs in the long term.
The underutilization of intravenous iron is largely
based on past experience with high molecular
weight iron dextran (HMWID) that is associated
with anaphylactic reactions and therefore has been
removed from the market in the United States and
Europe. In recent years, safety of intravenous iron
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option and as rescue treatment when faced with a
life-threatening situation (e.g., in severe cases of
[4,5]
acute bleeding) . There is a wealth of evidence
concerning post-operative mortality and morbidity
following blood transfusion, even after transfusion of
[193-195]
a single RBC unit
. Consequently, a restrictive
approach to blood transfusion is warranted except for
patients who present with ischemic heart disease as
[35,36,195]
pre-existing comorbidity
. In patients with GI
disease, transfusions should aim to restore Hb to a
safe level, but not necessarily up to normal values, and
iron supplementation should be given subsequently to
[1]
replenish stores .
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REVIEW

HER2 aberrations and heterogeneity in cancers of the
digestive system: Implications for pathologists and
gastroenterologists
Nicola Fusco, Silvano Bosari
and treatment of these patients, the number of
deaths for these tumors has currently plateaued.
Many investigations have assessed the role of HER2
in tumors of the digestive system in both prognostic
and therapeutic settings, with heterogeneous results.
Novel testing and treatment guidelines are emerging,
in particular in gastric and colorectal cancers. However,
further advances are needed. In this review we provide
a comprehensive overview of the current state-ofknowledge of HER2 alterations in the most common
tumors of the digestive system and discuss the opera
tional implications of HER2 testing.
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Core tip: Numerous studies have broadened our under
standing of HER2 as a critical oncogene in many human
cancers, including tumors of the digestive system.
Due to the increasing importance of HER2 testing in
this heterogeneous group of tumors, in this review we
seek to outline the current state of knowledge of HER2
alterations in the most common malignancies occurring
in the digestive system, to examine the operational impli
cations of HER2 testing as a biomarker and potentially
targetable gene, and discuss immediate future perspec
tives for pathologists and gastroenterologists.
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Abstract
Management of cancers of the digestive system has
progressed rapidly into the molecular era. Despite
the significant recent achievements in the diagnosis
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same anatomic site, such as the pancreas (Table
[16-19]
1)
. These partially discordant observations could
have been, at least in part, responsible for the nihilistic
view of HER2 in the targeted therapeutic regimens
for extra-gastric DSC. Many groups are currently
establishing the role of HER2 in DSC in both prognostic
and therapeutic settings. However, targeting of tumors
that overexpress erbB2, albeit representing the reality
for advanced GC and gastroesophageal junction (GEJ)
[8,20]
cancer, is considered a reasonable future option
.
At present, the role of trastuzumab in DSC is being
explored by a variety of translational research mole
cular pathology studies, as well as clinical trials.
Management of DSC has progressed rapidly into
[21-30]
the molecular era
. However, the “trastuzumabrevolution” that we have experienced in the breast
has yet to be realized in the digestive system tract
[8,31]
and its accessory organs
. Due to the increasing
importance of HER2 testing in cancer and the new
exciting challenges that precision medicine is providing,
in this review we seek to describe the current state of
knowledge of HER2 alterations in the most common
DSC, to discuss the operational issues of HER2 testing,
and to outline forthcoming clinical perspectives, in
particular focusing on the cutting-edge tools available
for HER2 characterization and targeting in the digestive
system.

org/10.3748/wjg.v22.i35.7926

INTRODUCTION
The epidermal growth factor receptor 2 is a protooncogene that was first identified in the early 1980s
in rodent neural tumor cell lines and therefore named
[1]
neu . Given the homology between the human gene
and that of the rodent, adherence to appropriate
nomenclature is pivotal to avoid any confusion. In
this review, HER2/neu will refer to the gene across
both species, while HER2 and erbB2 will be used
specifically to indicate the human gene and its protein
[2]
product, respectively . HER2/neu belongs to one of
the most studied growth factor receptor systems in
[1-4]
cancer, the erbB tyrosine kinase family . This family
consists of four members encoding the homologous
epidermal growth factor receptor proteins erbB1,
2, 3, 4 that are ubiquitously expressed in epithelial,
mesenchymal, and neuronal normal cells and their
[5,6]
cellular progenitors . Each of these receptors is
composed of an extracellular ligand-binding domain, a
transmembrane segment and an intracellular protein
kinase domain with a carboxyl terminal segment
holding site of phosphorylation or tyrosine residues
[5,7,8]
(Figure 1)
. Among the four erbB proteins, erbB2 is
functionally characterized by an extraordinarily strong
catalytic kinase activity, representing a key oncoprotein
that triggers cornerstone intracellular signaling events
for cell growth and survival, ultimately leading to
increased signal transduction and activation of the
[4,6,9]
MAPK and PI3K/Akt pathways
. Importantly, erbB2
is not involved in ligand binding of the growth factors
[10]
unless is overexpressed , while the other members of
its family represent active receptors in basal conditions
[5,9]
also , as outlined in Figure 1.
Numerous preclinical and clinical studies, beginning
with the intuition of Slamon and collaborators on
the role of HER2 in breast cancer, have broadened
our understanding of this oncogene in many human
[8,11]
cancers, including digestive system cancers (DSC)
.
While HER2 represents a prognostic marker of
[8,12,13]
aggressive behavior in many DSC
, the importance
of this oncogene remains closely related to its role as
[4,14]
a potentially targetable cancer gene
. To date, antiHER2 antibodies such as trastuzumab, pertuzumab,
the new conjugate ado-trastuzumab emtansine, and
HER2-inhibitors (e.g., lapatinib) have received the
United States Food and Drug Administration (FDA)
approval not only in HER2-positive breast cancers
but also in HER2-positive metastatic gastric cancer
[15]
(GC) . Massively parallel sequencing studies have
recently revealed that a substantial proportion of DSC
are genetically characterized by HER2 alterations
[16]
(Figure 2) . However, highly different percentages in
the incidence of these molecular aberrations, ranging
from 0 to 50%, have been reported even within the
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HER2 TESTING IN THE DIGESTIVE
SYSTEM
Esophageal cancer

Esophageal cancer (EC), excluding GEJ tumors, is
among the ten most prevalent tumors worldwide and
ranks fifth in cancer mortality in men and eighth in
[32]
women . Squamous cell carcinoma (SCC) represents
[20]
the most frequent histological type . The poor
prognosis of EC results from the delayed diagnosis
and poor efficacy of current treatments, being in most
[23]
cases limited to a palliative role . In the largest
meta-analysis of the prognostic significance of erbB2
overexpression and gene amplification in EC patients,
22% of tumors were HER2-positive, regardless of
[33]
histotype . However, these data are likely to be
overestimated. Indeed, the overexpression of erbB2
has been observed in 12%-17% of adenocarcinomas
[34]
(ADC) in more recent studies , whereas less than
[35]
4% of esophageal SCCs are HER2-amplified . Taken
together, no significant differences in survival rates
have been reported in patients diagnosed with HER2positive esophageal ADC compared with the HER2negative cases. However, the great heterogeneity
among indexed studies on HER2 prognostic role in
these malignancies demands further investigations.
Interestingly, the prognostic influence of HER2
amplification as a biomarker is slightly greater in SCC
[33,35]
compared to ADC
. On the other hand, the small
number of HER2-positive SCCs, the lack of large-
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Figure 1 Schematic representation of the human erbB receptors in basal condition. The extracellular portion of each receptor consists of four domains (ⅠⅣ). Both domains Ⅰ and Ⅲ, which are related leucine-rich segments, actively participate in ligand binding, except for those of erbB2. Domains Ⅱ and Ⅳ contain
numerous cysteine residues and participates in dimer formation. The kinase domain of erbB3 is kinase-impaired. The growth factor groups that bind each receptor
are indicated on the top. PKD: Protein kinase domain; EGF: Epidermal growth factor; EPG: Epigen; TGFα: Transforming growth factor-α; AR: Amphiregulin; BTC:
Betacellulin; HB-EGF: Heparin-binding epidermal growth-factor like growth factor; EPR: Epiregulin; Nrg-1/2/3/4: Neuregulin-1/2/3/4.

cohort studies, and the absence of standardized
methods for HER2 testing limit our knowledge of HER2
[36]
significance in SCC of the esophagus . At present, the
optimal treatment for EC remains controversial. In this
regard, neoadjuvant chemotherapy with subsequent
surgery represent the standard approach in the
[37,38]
United Kingdom
, whereas in Europe and United
States neoadjuvant chemo-radiotherapy followed by
[39]
surgery is preferred . However, the individualization
and optimization of therapy for EC might come
across HER2 and its epistatic interactions with other
potentially actionable cancer genes. Indeed, it has
recently been reported that possible alterations in
epidermal growth factor receptor (EGFR), telomerase
reverse transcriptase (TERT), and HER2 are bona
fide predictor of response to HER2-target therapy in
[35,40]
EC, particularly in SCCs
. At present, RTOG 1010
(Radiation Therapy, Paclitaxel, and Carboplatin With
or Without Trastuzumab in Treating Patients With EC)
is the only ongoing phase Ⅲ trial (https://clinicaltrials.
gov/ct2/show/study/NCT01196390) randomizing
patients with HER2-positive esophageal ADC to
chemoradiation with or without trastuzumab.

decreased during the past decades, this tumor still
represents the third leading cause of cancer-related
[32]
death globally . The vast majority of GCs can be
divided into three distinct subtypes based on Lauren’s
histopathologic classification: intestinal-type, showing
glandular architecture, diffuse-type, with poorly
cohesive cells arranged in an infiltrative pattern, and
[20]
mixed-type, bearing hybrid characteristics . This
morphologic heterogeneity replicates an intrinsic
molecular complexity. Recently, The Cancer Genome
Atlas (TCGA) network proposed a novel molecular
classification of GC, dividing these tumors into four
major molecular subtypes, namely tumors positive
for Epstein-Barr, microsatellite unstable tumors, geno
mically stable tumors, and tumors with chromosomal
[41]
instability . Among these molecular subgroups,
microsatellite unstable tumors preferentially occur
in the body and antrum, and are characterized by
an extraordinarily high number of mutations with
the lack of targetable amplifications, including HER2
amplification. Chromosomal instability subtype encom
passes the majority of GC, has a predilection for the
GEJ, is associated with intestinal-type histology, and
exhibit the highest rates of HER2 amplification among
[41]
all molecular subtypes . Overall, GCs overexpressing
erbB2 and/or showing HER2 amplification, range from
[12,42]
13% to 22% of cases
. Meta-analysis data suggest
[43]
that GC harboring HER2 amplification fares worse ;

Gastric and gastroesophageal junction cancer

GC, including GEJ cancer, is closely related to environ
mental factors, reflecting its characteristic geographical
[32]
distribution . Although GC rates have gradually
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Figure 2 HER2 alterations frequencies from public datasets accessible from cBioPortal[16] in the most common tumors occurring in the digestive system
compared to breast cancer. Overall, HER2 amplifications occur more frequently in gastric, esophageal, and pancreatic cancers, whereas gallbladder cancer and
cholangiocarcinoma characteristically show HER2 mutations (10% and 6% of cases, respectively). The domain structure of the erbB2 protein and gene alterations
identified in primary carcinomas of the digestive system available from cBioPortal[16] (reported the top) show the presence of hotspot somatic mutations in the furin-like
(binding site) and protein kinase domains. Mutation types are color-coded on the basis of the legend on the bottom right.
[12,46]

cells
. From a therapeutic perspective, it is currently
recommended to administer trastuzumab in combi
nation with cytotoxic therapies in HER2-positive GC
[42]
patients . In this setting, the addition of trastuzumab
to chemotherapy increased the objective response rate
from 35% to 47%, improving progression-free survival
from 5.5 mo to 6.7 mo and overall survival from 11.1
[5,42,47]
mo to 13.8 mo
. Clinical trials aiming to examine
the efficacy of lapatinib in combination with paclitaxel
compared with paclitaxel alone in the treatment of
HER2-positive GC are on-going (https://clinicaltrials.
gov/ct2/show/study/NCT01705340). Other clinical trials
are currently exploring the effect of adding pertuzumab
to chemotherapy (https://clinicaltrials.gov/ct2/show/
study/NCT01461057) and comparing trastuzumab to
paclitaxel or docetaxel as second-line treatment (https://
clinicaltrials.gov/ct2/show/study/NCT01641939).

Table 1 erbB2 overexpression and gene amplification reported
frequencies in tumors of the digestive system
Primary tumor

Esophageal cancer
Gastric cancer
Colorectal cancer
Biliary tract cancer
Pancreatic cancer
Liver cancer

erbB2
overexpression
frequencies

amplification
frequencies

HER2

Ref.

4%-22%
13%-22%
2%-11%
5%-76%
0%-50%
2%-5%

4%-14%
10%-18%
3%
1%-8%
2%-29%
0-1%

[33-36,38,39]
[12,41-47]
[48-57]
[27,75,86,88-90]
[17-19,64-66,68]
[72-79]

however, the prognostic value of HER2 remains con
[44-46]
troversial in the stomach
. This is probably due to
the heterogeneous HER2 status patterns in tumors
arising in the stomach that basically mirror the intratumor morphologic and molecular heterogeneity of GC
[12]
(Figure 3) . Indeed, in contrast to breast carcinoma,
up to 90% of erbB2-positive GCs are reported to
harbor erbB2 overexpression in less than 5% of tumor
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Colorectal cancer (CRC) is a major contributor to
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assess HER2 status in CRC cancer remains a matter of
debate among pathologists; however, a panel of HER2
experts recently provided a reproducible and rigorous
[57]
testing algorithm . Intriguingly, no intra-tumor
heterogeneity is described in CRC except for anecdotic
[57]
reports . Albeit HER2 seems not to represent a
reliable prognostic marker in CRC, this molecular
alteration is strongly associated with wild-type status
of Kirsten rat sarcoma viral oncogene homolog
(KRAS) and amplification DNA topoisomerase 2-alpha
[16,58,59]
(TOP2A)
. This observation is not trivial, raising
the hypothesis that HER2 amplification might be a bona
fide alternative driver of Ras-Raf-MEK-ERK pathway
activation in CRC. In contrast to HER2, intratumor
heterogeneity of KRAS mutation status is reported and
crucial in selecting patients for anti-EGFR therapy in
[12]
CRC . For these reasons, and given the homogeneity
in erbB2 expression, it has recently been proposed
that HER2 status should be assessed as a putative
biomarker of resistance to anti-EGFR therapy in KRAS
wild-type patients and, if further studies confirm that
TOP2A amplifications are associated with anthracycline
[57,59,60]
sensitivity, as a predictor to response
. At present,
results from phase Ⅱ and Ⅲ trials suggest that HER2[61]
positive CRC should be treated with trastuzumab .

A

B

C

Pancreatic ductal adenocarcinoma

Pancreatic cancer (PC) accounts for approximately 2%
of new cancers, and is responsible for 7% of cancer[32]
related death yearly worldwide . The vast majority
of PCs is represented by invasive ductal ADC arising in
the head of the gland; 20% of cases involve the body
[20]
or the tail . The poor prognosis for these patients
is attributed to delayed diagnosis, early metastasis,
and the limited efficacy of available systemic treat
[62]
ments . Systemic therapies are only modestly
effective; however, there is emerging evidence that
small groups of patients may respond well to specific
treatments. Amplification of HER2 gene and/or
overexpression of its product have been implicated
[63]
in the development of PC . However, the reported
rates of erbB2 overexpression in these neoplasms
are extremely variable, ranging from 0 to 50% of
[17-19,64]
cases
. Furthermore, the prognostic role of HER2
amplification in PC has been investigated in numerous
[63]
studies, again, with heterogeneous results . As a
consequence, the diagnostic criteria and prevalence of
HER2 amplification in pancreatic ductal ADC remain
unclear. Preclinical studies support the potential
[65,66]
efficacy of trastuzumab in PC
, although clinical
[67,68]
trials have been disadvantaged by small cohorts
.
In one phase Ⅱ trial, 17 patients showing HER2
amplification were treated with capecitabine combined
[68]
with trastuzumab . Although the therapy was well
tolerated, progression-free and overall survivals were
not favorable compared to standard chemotherapy.
At present, there is no consensus on the treatment
modalities of HER2-positive pancreatic ductal ADC.

Figure 3 Representative micrographs of a gastric adenocarcinoma
showing heterogeneous erbB2 immunohistochemical expression. In this
paradigmatic example of HER2 heterogeneity in gastric cancer, the tumor
showed the coexistence of 2+ (A), 3+ (B, C), and negative areas (C), with the
former immunohistochemical pattern involving the majority of the tumor cells.
Original magnification × 200.

cancer morbidity and mortality, with 1.36 million new
cases and more than half million deaths per year
[32]
worldwide . Several studies assessed HER2 status
in CRC, with some authors reporting membranous
erbB2 overexpression in 2%-11% and others reporting
[48-52]
cytoplasmic overexpression in 47%-68% of cases
.
However, it is currently acknowledged that the amp
[53]
lification of HER2 occurs in only 3% of CRC . In
accordance to this notion, a recent comprehensive
genomic characterization of CRC revealed a recurrent
[54]
amplicon at 17q21.1 in 4% of these tumors . This
[55]
locus contains seven genes, including HER2 . The
operational implications of HER2 amplification in CRC,
however, remain elusive, with a number of studies
[53,56,57]
reporting contradictory links to prognosis
. How to
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Hepatocellular carcinoma

expression heterogeneity has not been investigated
[75,86,88-90]
thoroughly in BTC
. However, 51% of cases
in a small cohort study showed erbB2 positivity using
50% of positive tumor cells as a threshold, suggesting
[27]
the presence of heterogeneous protein expression .
Furthermore, in this subset of tumors, 83% of cases
with heterogeneous erbB2 immunohistochemical
(IHC) overexpression displayed HER2 amplification by
[27]
fluorescent in situ hybridization (FISH) . Nevertheless,
no data regarding HER2 amplification heteroge
neity have been reported in literature. The highest
concordance between erbB2 expression and gene
amplification was demonstrated for advanced BTC with
high scores of erbB2 expression in the vast majority of
[68,88]
tumors cells, present only in a minority of cases
.
Taking into account overall and disease-free survival,
HER2 amplification seems not to have a prognostic
[27]
role in BTC . On the other hand, form a therapeutic
standpoint, a subset of HER2-positive GBC responded
well to trastuzumab treatment, both in monotherapy
[85,90-92]
and in combination with taxane
. Despite these
encouraging observations, an early phase clinical trial
of trastuzumab for HER2-positive locally advanced or
metastatic GBC was terminated in the United States
because of the lack of participants (https://clinicaltrials.
gov/ct2/show/study/NCT00478140). In this respect, it
would be extremely beneficial to involve countries with
a higher incidence of BTC in large-cohort clinical trials.

Hepatocellular carcinoma (HCC), is the fifth most
common cancer in men and the seventh most common
cancer in women, resulting in approximately 700000
[32]
deaths yearly . In recent years, these tumors showed
increasing incidence, albeit variable throughout the
[32,69]
world
. The asymptomatic nature of early disease
and the limited use of screening protocols in highrisk individuals often lead to diagnosis in advanced
stages, with subsequent requirement of systemic
[70,71]
therapy
. To date, sorafenib (a kinase inhibitor)
is the only approved drug in patients with advanced
HCC, with modest effectiveness at prolonging patients’
[72,73]
overall survival
. Given the scarce therapeutic
armamentarium currently available, capturing the
complexity underpinning HCC biology represents a
[70]
high-priority goal . In this setting, the role of HER2
in HCC has been explored in several studies yielding,
however, to extremely discrepant results due to
the diverse methods used for HER2 testing, even
[74-76]
including cytoplasmic expression
. It is currently
recognized that there is a low frequency of erbB2
[77-79]
strong membranous IHC overexpression in HCC
.
Among these few cases, only a minority of tumors is
[80,81]
reported to harbor HER2 amplification
. Therefore,
it is unlikely that patients with HCC would benefit from
treatment with trastuzumab. In addition, recent studies
suggest that there is also little indication for using HER2
[79]
as a prognostic biomarker in these tumors .

FROM TRADITIONAL PATHOLOGY TO
MOLECULAR CHARACTERIZATION

Biliary tract cancer

Biliary tract cancer (BTC) encompasses a hetero
geneous group of rare tumors originating in either
[20]
the intra- or extrahepatic ducts . This collection of
neoplasms includes cholangiocarcinoma, gallbladder
[20]
cancer (GBC), and ampulla of Vater cancer . Among
them, GBC is the most frequent type with an annual
[32]
incidence of 2.5 cases per 100000 individuals . Taken
together, BTC mortality varies between geographic
areas, accounting for higher mortality rates in South
[69]
America and South-East Asia . The current state-ofknowledge on BTC, regrettably, can be summarized
briefly: complete tumor resection is the best chance
[82]
of survival . However, most cases are detected
at an advanced stage, when surgical approaches
are no longer feasible, and recurrences and distant
metastases are common, with subsequent poor
[82]
survival rates . In addition, adjuvant chemotherapy
has not shown sufficient benefit for BTC, while the
efficacy of molecular targeted agents is still extremely
[83,84]
disappointing
. To improve the prognosis of BTC,
identification of prognostic markers and effective
[85]
therapeutic targets is essential . BTCs showing erbB2
overexpression and/or HER2 amplification range
[86]
between 5% and 76% , including an estimated 13%
[87]
of erbB2-positive GBC . This wide range is largely
dependent upon the lack of standardized methods
[27,88]
used among different studies
. Intratumor erbB2-
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Determination of HER2 status and its clinical
significance

These data highlight that erbB2 overexpression and/or
HER2 amplification occur more frequently in ADC
of the upper gastrointestinal tract compared to the
rest of the DSC. In routine diagnostic practice and in
research settings, erbB2 IHC scoring, along with the
assessment of other prognostic and predictive factors,
[44,57,93,94]
remains a cornerstone in the DSC pathology
.
At present, it is taking place a consensus in extending
the scoring system currently adopted in gastric ADC
[57]
for all other DSC . Compared to the breast, erbB2
IHC in DSC has a few substantial differences not only
from intra- and inter-tumor heterogeneity standpoints
but also in terms of cellular staining patterns. Indeed,
erbB2 expression is mainly restricted to intestinal-type,
gland-forming GC, and incomplete, often basolateral
or even only lateral membranous IHC staining is
the rule rather than an exception for HER2-positive
[93,95]
GC
. Hence, circularity of IHC staining is no longer a
[95]
criterion for erbB2 IHC scoring in the digestive tract .
A cornerstone work on esophageal ADC aimed to
compare the erbB2 scoring system routinely employed
[96,97]
in the breast to that used in GC
. However, no
similar studies have been performed on other DSCs,
therefore further analyses are warranted. In this era
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Table 2 Mechanisms of resistance occurring in erbB2-tageting agents
Type

Agent

Target

Monoclonal antibodies

Trastuzumab
Pertuzumab
T-DM1

erbB2
erbB2
erbB2

Tyrosine kinase inhibitors

Lapatinib
Neratinib
Afatinib
Canertinib
Everolimus
BKM120
BEZ-235
GS-1101
NVP-BKM120
GDC-0941
GSK458
GDC-0980
PI-103
Tanespimycin
Retaspimycin
AUY922

erbB1, erbB2
erbB2, erbB4
erbB1, erbB2, erbB4
erbB1, erbB2, erbB4
mTOR
PI3K/AKT
PI3K/AKT/mTOR
PI3K
PI3K
PI3K
PI3K/mTOR
PI3K/mTOR
PI3K/mTOR
hsp90
hsp90
hsp90

Inhibitors of the downstream
targets

hsp90 inhibitors

Mechanisms of resistance

Factors involved

Alterations in tyrosine kinase domain;
p95HER2, MUC4 EGFR, erbB
overexpression of alternative erbB
ligands (TGFα, EGF, HB),
isoforms and dimerization receptors; loss
PTEN IGF1R, MET
of downstream checkpoints; dimerization
and interaction with other receptors
Alterations in tyrosine kinase domain;
acquisition of HER2 mutations; activation
of further downstream signaling
pathways
Activation of further downstream
signaling pathways

KIT and PDGFRA receptor
signaling pathway; PI3KAKT, mTOR

Up-regulation of alternative pathways

NF-κB, MAPK

PI3K-AKT, mTOR, MEK,
MAPK

Overcoming resistance to erbB2-targeted therapies

of precision medicine, there are increasing evidences
that digital image analysis tools are able to capture the
whole spectrum of erbB2 IHC expression patterns and
therefore represent useful tools for determining HER2
[12,98,99]
status and its heterogeneity in DSC
. Both the
membranous and nuclear features of the cells should
be identified and scored, while the settings for cell
count and differentiation between stroma and neoplasia
should take into account the morphologic features
of the cells (e.g., curvature, color intensity, size,
roundness, compactness, elongation) as well as each
histologic pattern (e.g., glandular, solid). Digital image
analysis technologies grant a rapid and quantitative
record of the percentage of stained tumor cells and
their membrane staining distribution, allowing a precise
and reproducible patients’ stratification also capturing
[12]
intra-tumor heterogeneity . To verify equivocal
IHC results, FISH, silver in situ hybridization (SISH),
chromogenic in situ hybridization (CISH) assays are
[8,12,57,93,96]
widely performed
. In particular, FISH identifies
the number of HER2 gene copies in conjunction with
the number of chromosome 17 centromere (CEP17)
[94]
copies . This scoring is considered more objective and
quantitative than IHC, however FISH reproducibility is
strictly dependent on technical issues (e.g., thickness
[8,100-103]
of tissue sections)
. On the other hand, CISH
is re-emerging as a more cost-effective assay, using
conventional enzymatic reactions and being applicable
to standard formalin-fixed paraffin embedded (FFPE)
[104]
tissues
. This method shows high levels of quality
[105]
and reproducibility, particularly in GC . In a way akin
to CISH, SISH is a rapid automated assay that can be
interpreted using conventional microscopies, allowing
pathologists to evaluate HER2 status within the context
[103,106]
of tissue morphology
.
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[107]

Resistance to trastuzumab and other anti-erbB2 the
rapies is an event that may occur during the course
[107]
of therapy or de novo (Table 2)
. Drug resistance
has been widely studied in breast cancer but not in
the DSC, with subsequent lack of a detailed molecular
characterization of this phenomenon. Intra-tumor and
tumor-to-metastasis heterogeneity are among the most
important characteristics that determine resistance
to anti-erbB2 therapy in DSC and should always be
taken into account when selecting patients eligible for
[12,19,52,96,108]
these treatments and clinical trials
. Indeed,
there are several molecular evidences that genetic
heterogeneity is not restricted to passenger genes
but that also bona fide driver genetic alterations such
as HER2 gene amplification can be heterogeneously
[109]
distributed within a given tumor
. The therapeutic
implications of this concept are yet to be ascertained,
although it is intuitive that only the HER2-positive
neoplastic population would be sensitive to anti[110]
erbB2 drugs
. Furthermore, it is not clear whether
HER2 amplification is an early event and subsequently
lost in the HER2-negative components, or whether
HER2 amplification might be subclonally acquired at a
[12,27]
relatively late stage of tumorigenesis
. In addition,
somatic mutations in HER2 have been described
in a small subset of DSC and there are functional
evidences that at least a subset of mutations targeting
HER2 might be responsible for the development of
resistance to trastuzumab therapy, in a way akin to
[8,109]
breast cancer
. For example, alterations leading to
increased heterodimerization of HER2 with EGFR or
HER3 are thought to induce resistance to trastuzumab
[107]
therapy
. Furthermore, cleavage of the full-length
erbB2 protein produces a truncated membrane-
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associated fragment called p95HER2 with increased
[111,112]
kinase activity in GC cell lines
. Up to 30% of
breast cancers may harbor this alteration, showing
poor prognosis and lower rates of response to trastu
zumab therapy compared to patients with full-length
[111]
HER2
. Furthermore, 11% of HCC but none of BTC
have been found to harbor HER2 (H878Y) somatic
mutation occurring in the tyrosine kinase domain,
[81,113,114]
resulting in c.2632C>T
. This specific mutation
has been proposed as a predictor of response to HER2and/or EGFR-targeted therapy in HCC. Interestingly,
a phase Ⅱ trial observed that the dual EGFR/HER2
tyrosine kinase inhibitor lapatinib was active in HCC
but not in BTC, suggesting that mutations in the
tyrosine kinase domain of HER2 in HCC may underlie
responsiveness to agents that target HER2 and/or
[115]
EGFR
. Generally, erbB2-directed therapy appears
to be beneficial in erbB2-positive gallbladder cancers;
however, tumors harboring HER2 mutation (V777L), in
the kinase domain, followed into the non-responders
[91]
category . In addition to the alterations in erbB2
receptors, mutations in genes involved in the signaling
pathways activated by these receptors are also
correlated with failure of therapeutic response to erbB2
[116]
inhibitors . A preclinical trial is testing the hypothesis
that HER2 amplification might be used, under certain
conditions, as a “molecular bait” for trastuzumabemtansine precision chemotherapy to overcome anti[117]
erbB2 resistance in HER2-positive metastatic CRC .
Moreover, PIK3CA mutations and PTEN inactivation
could affect the effectiveness of erbB2-targeting
therapy. Thus, it might be advantageous to clarify not
only HER2 alterations but also the PI3K-Akt pathway
[118]
status to optimize HER2-targeting therapy . In this
regard, massively parallel sequencing and bioinformatic
analyses are likely to represent the next frontier in the
identification of complex mechanisms of trastuzumab
[8,118-120]
resistance in this broad group of tumors
. A better
knowledge of the biology underpinning HER2 status in
the digestive system should be regarded as a priority
for the development of effective strategies to overcome
resistance.

ongoing phase 3 clinical trials in CRC. Nowadays, the
focus on HER2 expression/amplification status alone
is not able to capture the underlying mechanisms of
disease progression and resistance. In this setting,
PIK3CA mutation or PTEN loss has been evaluated
as a possible predictive biomarker and has also been
used as one of the inclusion criteria. Understanding
the interplay between HER2 and the PI3K-Akt pathway
alterations would be pivotal in the development of
new therapeutic strategies. Further studies focused
on the epistasis between molecular alterations and
associations between molecular alterations and tumor
microenvironment are warranted to accurately and
robustly predict anti-erbB2 treatment outcome in DSC.
Thus, a comprehensive clinical and pathogenomic
approach is fundamental in appropriately characterizing
HER2 status in DSC at an individualized level for both
precision therapy and accurate prognostication.

CONCLUSIONS: BUILDING UP
INDIVIDUAL THERAPEUTIC SCHEMES
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REVIEW

Therapeutic aspects of c-MYC signaling in inflammatory and
cancerous colonic diseases
Ferenc Sipos, Gábor Firneisz, Györgyi Műzes
nd
Ferenc Sipos, Gábor Firneisz, Györgyi Műzes, 2 Department
of Internal Medicine, Semmelweis University, H-1088 Budapest,
Hungary

initiation, promotion, invasion and metastatic disse
mination, and also evasion immune surveillance.
Inflammation acts as a cellular stressor and may trigger
DNA damage or genetic instability, and, further, chronic
inflammation can provoke genetic mutations and
epigenetic mechanisms that promote malignant cell
transformation. Both sporadical and colitis-associated
colorectal carcinogenesis are multi-step, complex
processes arising from the uncontrolled proliferation
and spreading of malignantly transformed cell clones
with the obvious ability to evade the host’s protective
immunity. In cells upon DNA damage several protooncogenes, including c-MYC are activated in parelell
with the inactivation of tumor suppressor genes.
The target genes of the c-MYC protein participate
in different cellular functions, including cell cycle,
survival, protein synthesis, cell adhesion, and microRNA expression. The transcriptional program regulated
by c-MYC is context dependent, therefore the final
cellular response to elevated c-MYC levels may range
from increased proliferation to augmented apoptosis.
Considering physiological intestinal homeostasis, c-MYC
displays a fundamental role in the regulation of cell
proliferation and crypt cell number. However, c-MYC
gene is frequently deregulated in inflammation, and
overexpressed in both sporadic and colitis-associated
colon adenocarcinomas. Recent results demonstrated
that endogenous c-MYC is essential for efficient
induction of p53-dependent apoptosis following DNA
damage, but c-MYC function is also involved in and
regulated by autophagy-related mechanisms, while its
expression is affected by DNA-methylation, or histone
acetylation. Molecules directly targeting c-MYC , or
agents acting on other genes involved in the c-MYC
pathway could be selected for combined regiments.
However, due to its context-dependent cellular function,
it is clinically essential to consider which cytotoxic drugs
are used in combination with c-MYC targeted agents in
various tissues. Increasing our knowledge about MYCdependent pathways might provide direction to novel
anti-inflammatory and colorectal cancer therapies.
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Abstract
Colonic inflammation is required to heal infections,
wounds, and maintain tissue homeostasis. As the
seventh hallmark of cancer, however, it may affect
all phases of tumor development, including tumor
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expression of several target genes
(Figure 1A).
The target genes of c-MYC participate in different
cellular functions, including cell cycle, survival, protein
synthesis, cell adhesion, and microRNA (miRNA)
[7]
expression (Figure 1B). The transcriptional program
regulated by c-MYC is context dependent, therefore
the final cellular response to elevated c-MYC levels
may range from raised proliferation to augmented
[7]
apoptosis . In the absence of c-MYC cell cycle kinetics
[9]
is strongly reduced .
As a result of synergistic or sequential damage
of DNA in normal colonic epithelial cells, several
proto-oncogenes, including c-MYC are activated in
parallel with the inactivation of tumor suppressor
genes, leading finally to the alteration of DNA repair
systems and apoptosis regulation. Accumulation
of the damaged DNA may ultimately cause cellular
transformation. In this article we try to summarize
the complex interactions of c-MYC-signaling within
physiological intestinal epithelial homeostasis,
inflammatory and cancerous colonic diseases, and the
related therapeutic aspects.

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

Core tip: The c-MYC gene is frequently deregulated
in colonic inflammation, and overexpressed in both
sporadic and colitis-associated colon adenocarcinomas.
Endogenous c-MYC is essential for efficient induction
of p53-dependent apoptosis following DNA damage,
moreover its function is also involved in and regulated
by autophagy-related mechanisms, and its expression
is affected by DNA-methylation, or histone acetylation.
Increasing our knowledge about MYC-dependent
pathways might provide direction to novel colonic antiinflammatory and anti-cancer strategies.
Sipos F, Firneisz G, Műzes G. Therapeutic aspects of c-MYC
signaling in inflammatory and cancerous colonic diseases. World
J Gastroenterol 2016; 22(35): 7938-7950 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i35/7938.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i35.7938

Control and effects of MYC gene
expression

INTRODUCTION

During recent years, several basic cellular functions
[10]
of MYC have been established . MYC plays a master
regulator role of cell growth and proliferation, and it
also controls stemness by maintaining pluripotency
and self-renewal. On the other hand, MYC can sensitize
cells to apoptosis, regulate cellular senescence, and is
[10]
involved in DNA damage responses .
As a central, dual-faced regulator gene, MYC is
controlled by several different mechanisms. Growth
factor-dependent signals have been identified to
control MYC expression. Growth factors like Ets-1 or
[11]
E2F1 enhance transcription from the MYC promoter .
The β-catenin/TCF site also mediates the induction
of the MYC promoter in regards to the Wingless type
[12]
(Wnt)-signaling pathway . Additionally, growth
factor-dependent pulse of phosphoinositol (PI)3-kinase
protects c-MYC protein from proteosomal degra
[13]
dation . In contrast, the Smad and E2F4 containing
repressor complex which forms on the MYC promoter
after transforming growth factor (TGF)-β stimulus
suppresses MYC expression and enhances the anti[14,15]
proliferative effects of TGF-β
.
Elevated levels of c-MYC protein strongly sensitize
epithelial cells toward proapoptotic stimuli like DNA
[16]
damage . As a result, downregulation of c-MYC is
necessary for cell cycle arrest, and survival of cells in
[17]
response to DNA damage . Since in the presence of
strong mitogenic signals the downregulation of MYCexpression is required for proto-oncogene-induced
[18]
cellular senescence , c-MYC may be involved in
tumor-suppressive mechanisms as well. In case of
epithelial and mesenchymal stem cells, however, MYC-

Chronic, non-infectious inflammatory and cancerous
colonic diseases currently represent a major threat
to human health worldwide. Inflammation is
required to fight microbial infections, heal wounds,
and maintain tissue homeostasis, however, it could
lead to cancer. As the seventh hallmark of cancer
it may affect all phases of tumor development,
including tumor initiation, promotion, invasion and
metastatic dissemination, and also evasion immune
[1]
surveillance . Inflammation acts as a cellular stressor
and may trigger DNA damage or genetic instability,
and, further, chronic inflammation can provoke genetic
mutations and epigenetic mechanisms that promote
[1,2]
malignant cell transformation . Both sporadical and
colitis-associated colorectal carcinogenesis are multistep, complex processes arising from the uncontrolled
proliferation and spreading of malignantly transformed
cell clones with the obvious ability to evade the host’
[3,4]
s protective immunity . Therefore to develop more
effective therapeutic strategies for colorectal cancer
(CRC) it is quite challenging due to its heterogeneity
and phenotypic diversity.
The MYC-family of cellular proto-oncogenes
encodes three highly related nuclear phosphoproteins,
[5]
namely c-MYC, N-MYC, and L-MYC . c-MYC is a basichelix-loop-helix-leucine zipper protein with a protooncogene function, being involved in cell proliferation,
[6]
transformation, and death . Data from chromatin
immunoprecipitation studies demonstrate that c-MYC
protein occupies regulatory regions of up to 15%
of all genes, and can both activate or repress the
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Figure 1 Schematic representation of the structure, regulation and main effects of c-MYC. A: The c-MYC protein consists of three domains: N-terminal, Central
region, and C-terminal. The Central region and the C-terminal domain of c-MYC are responsible for protein-protein interactions that result in transcriptional repression
by c-MYC. The C-terminal domain contains a basic (B) helix-loop-helix (HLH)-leucine zipper (LZ) motif that is necessary for interaction with different proteins (such
as Max), and physiological recognition of DNA target sequences[7,58]; B: Developmental and mitogenic signals tightly regulate c-MYC gene expression both in normal
(nontransformed) and in transformed cells via the MAPK/ERK pathway. MicroRNAs display a dual-faced role in the c-MYC regulatory network; both as regulators
and as targets of c-MYC. The stability of the c-MYC protein also represents a particularly effective mechanism of gene regulation. c-Myc-S: Truncated c-Myc protein;
MB1 and MB2: Evolutionarily conserved Myc Box sequences; NLS: Nuclear localization signal; Shh: Sonic hedgehog; EGF: Epidermal growth factor; MAPK: Mitogenactivated protein kinase; ERK: Extracellular signal-regulated kinase.

expression can be restricted even in the presence
[19]
of several growth factors and cytokines . These
observations indicate that MYC-expression plays a
dual-faced role regarding cellular survival and tissue
homeostasis.
In physiological circumstances, negative feedback
regulatory loops also play an important role in
[20]
decreasing cellular c-MYC levels . Negative feedback
regulation is frequently disturbed in the course of
tumorigenic transformation, permitting transformed
[20]
cells to overexpress MYC . Epigenetic factors, such as
miRNAs, are also involved in downregulation of MYC in
[17]
response to DNA damaging agents .
Regarding the colon, the protein kinase MK5 have
been also identified as a negative regulator of MYC
[15]
expression . Expression of MK5 itself is regulated
by MYC, since MYC binds to the promoter of the
MK5 gene, therefore activates its expression. As a
result, MYC and MK5 form a negative feedback loop,
in which FoxO proteins have been identified as key
[15]
mediators .

in the entire intestinal tract displays a fundamental
[21]
role . In the small intestine c-MYC regulates the
appropriate number of epithelial cells within the
[9]
[9]
crypts . Muncan et al reported that upon conditional
deletion of c-MYC gene crypt epithelial cells become
smaller as compared to normal ones. Moreover, in the
absence of c-MYC protein epithelial cell proliferation
[9]
became reduced . On the other hand, it was un
expectedly found in mice that conditional deletion of
c-Myc in adult intestinal epithelium by utilizing a Creestrogen receptor fusion transgene driven by the
intestine-specific villin promoter did not induce an overt
[22]
phenotype . According to this result the proliferation
and expansion of intestinal epithelial progenitors can
occur in a Myc-independent manner, as well. The
[9]
difference between the studies of Muncan et al and
[22]
Bettess et al most likely relates to deletion efficiency
accomplished with the different Cre transgenes in the
earliest crypt progenitors. Regarding apoptotic cell
death, c-MYC does not influence epithelial apoptotic
rate in the small intestine, it induces apoptosis only in
[9,23]
the colon
.
In the intestine cell proliferation and differentiation
are under the tight control of the Wnt/β-catenin
[24]
signaling . In mice c-MYC is a critical downstream
effector of cellular proliferation induced by the Wnt/
[25,26]
. Following epithelial injury,
β-catenin pathway

c-MYC in physiological intestinal
homeostasis
Considering intestinal homeostasis, c-MYC expressed
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the c-Myc 3’Wnt responsive DNA elements (WRE)dependent regulation of the expression of the c-Myc
gene seems to be essential for maintaining intestinal
[27]
homeostasis and regeneration .
In colonic epithelial cells, c-MYC-induced apoptosis
[28-30]
can be either p53-dependent or independent
.
Basically, in cells the level of p53 expression is low, but
[31,32]
its expression is elevated upon stress responses
.
By promoting proteosomic degradation mouse double
minute (Mdm)-2 is a negative regulator of the p53
[33]
protein . As a regulatory loop, p53 transcriptionally
[33]
upregulates Mdm2 . Alternative reading frame (Arf)
also has a role in this regulatory mechanism, since
[33,34]
it inhibits the function of Mdm2 and c-MYC
. By
increasing Arf expression, c-MYC protein displays a
prominent role in p53 regulation leading finally to p53[35]
dependent apoptosis . The crosstalk between c-MYC
and p53 is essential in inducing pro-survival or prodeath responses to apoptotic stimuli.
Upon modulating apoptotic signals c-MYC is able to
regulate intrinsic apoptosis independently from p53,
[36,37]
as well
. c-MYC can also alter the balance between
the pro- and antiapoptotic members of the Bcl2
[16,38]
(B-cell/lymphoma 2)-family
. Bcl2 can inhibit c-MYC
mediated apoptosis, however, on the other hand,
c-MYC overexpression suppresses the antiapoptotic
[39]
Bcl2 protein and mRNA levels . To suppress the
antiapoptotic Bcl2 expression the DNA-binding activity
[40]
of c-MYC is required . In mice, c-MYC may induce
apoptosis via the activation of the proapoptotic
[41]
protein, Bax . c-MYC also participates in the extrinsic
[38,42,43]
apoptotic pathways
. Therefore, it is difficult to
predict which c-MYC target genes are responsible for
the final biological effects. It is likely that the current
status of cell physiology ultimately influences the
outcome of c-MYC overexpression, and affects c-MYC
regulating the apoptotic process in colonic epithelial
cells.

cells from involved or uninvolved inflammatory disease
bowel (IBD) samples than in normal epithelial cells
from either sporadic colon cancer or diverticulitis
[46]
patients . In active inflammation the downexpression
of c-MYC in IBD epithelium may result in attenuated
cell proliferation, therefore may contribute to mucosal
ulceration. On the other hand, c-MYC may also be
involved in epithelial regeneration after inflammatory
damage by altering apoptotic cell death.
It is a known fact, that patients with chronic,
longstanding IBD have an increased risk for developing
colitis-associated cancer (CAC). By using wholeexome sequencing analysis it has been recently
demonstrated that -among others- the MYC genomic
locus is more frequently amplified in CAC than sporadic
[47]
colorectal cancers . Moreover, genomic alterations
observed in CAC are distinct form those found in
[48]
sporadic CRCs, and vary by type of IBD . Proteomic
network analyses have identified proteins related
to mitochondria, oxidative activity, calcium-binding
proteins, and c-MYC that play roles in early and
late stage colitis-associated neoplastic progression,
[49]
respectively . c-MYC is often overexpressed in
dysplastic cells in chronic longstanding ulcerative
[50,51]
colitis, the precursor to CAC
. Taking together these
data, it seems that the complex role and final effects
of c-MYC in inflammatory colon mucosa are contextand microenvironment dependent.

c-Myc in colorectal cancer
The c-MYC oncogene is frequently deregulated
in human cancers and is overexpressed in up to
[52]
70%-80% of colon adenocarcinomas . Since c-MYC
is a downstream target of the APC (adenomatous
polyposis coli) gene, and APC itself is inactivated in
[53]
most colorectal cancers , it is not surprising that in
early and advanced stages of colorectal carcinogenesis
c-MYC is overexpressed at both the mRNA and protein
[54,55]
levels
.
The imbalance of cell proliferation and apoptosis
is a key component in initiation of colorectal tumo
rigenesis. Basically, overexpression of c-MYC could
[38]
lead to apoptosis , indicating its crucial role for
[36]
determining cell survival and/or apoptotic pathways .
Under pathological conditions deregulated Wnt/
β-catenin signaling promotes CRC by activating the
[56]
expression of c-MYC . Moreover, c-MYC-triggered
apoptosis provides an inherent “fail-safe” program to
check unlimited cell growth. The extent of apoptotic
cell death is in correlation with the level of c-MYC
[57]
expression .
In case of early to late colorectal adenomas
significant correlation of nuclear β-catenin and c-MYC
nuclear expression was found with the size of colon
adenomas, but not with their cellular proliferative
[58]
activity . This phenomenon implies a dose-dependent
function of β-catenin. Without nuclear β-catenin,
T-cell factor family (TCF) proteins are bound by a co-

c-Myc in colonic inflammation
As a hallmark of cancer, inflammation may lead to
tumor formation. Acute and chronic colonic inflam
mation disrupts the integrity of the epithelial layer,
moreover can lead to regenerative cell proliferation,
and even fibrosis. In animal colitis models the use of
glycogen synthase kinase (GSK)3β inhibitors mitigated
disease symptoms by reducing pro-inflammatory
[44]
immune response . It has been shown, that during
the recovery phase of dextran sulfate sodium (DSS)induced colitis GSK3β inhibition by lithum chloride
promotes colonic regeneration. The explanation of
this effect is that lithium treatment increased the
expression of Myc transcripts, MYC proteins, and the
expression of several Wnt/MYC target genes in the
[45]
colonic epithelium .
Additionally, in humans the steady-state levels of
several nuclear proto-oncogenes including c-MYC and
N-MYC were demonstrated to be lower in epithelial
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different apoptotic program of epithelial cells.
A recent report has demonstrated a role of AMBRA1
(activating molecule in Beclin-1 regulated autophagy) in
both the autophagic pro-survival response and Beclin[68]
1-dependent autophagy in embryonic stem cells .
AMBRA1 has been shown to be a crucial regulator of
autophagy and apoptosis in colorectal cancer cells
that maintains the balance between these cellular
[69]
mechanisms . AMBRA1 promoted dephosphorylation
and degradation of c-MYC, and favors the interaction
between c-MYC and PP2A (a c-MYC phosphatase),
[70]
leading finally reduced cell divison rate . AMBRA1
has been recently characterized as a target of mTOR
(mammalian target of rapamycin) in the autophagy
[71]
process . Furthermore, the AMBRA1/PP2A-mediated
[70]
regulation of c-MYC is also under mTOR control ,
indicating the key role of mTOR in regulating cellular
fate by interfering with its metabolic status (Figure 3).
The MK5 kinase regulates the translation of c-MYC,
since it is required for the expression of miR-34b/c
that bind to the 3’UTR of MYC. The MK5-MYC negative
regulatory feedback loop has been found to be
[15]
disrupted during colorectal tumorigenesis . Two
changes may explain the disruption of this regulatory
circuit. First, silencing of the miR-34B/c gene promoters
[72]
by DNA methylation . Second, the expression of MK5
is downregulated in colorectal tumors by a currently
[15]
unknown mechanism . Depletion of MK5 regulates
Ephrin B1, a MYC-repressed gene that is involved in
[73]
the progression of p53-deficient colorectal tumors .

DNA damage

DNA damage sensing proteins
(e.g. , ATM, H2AX)

Normal intestine
c-MYC → Mdm2 ↓ → p53 ↑

c-Myc-deficient intestine
lack of c-MYC → Mdm2 ↑ → p53↓

Apoptosis

No apoptosis

Figure 2 Schematic illustration of the relation of c-MYC to p53 following
DNA damage in the intestine.

repressor, and this complex acts as transcriptional
[59,60]
repressor of the target genes
. Nuclear β-catenin
competes with the co-repressor for TCF binding in a
dose-dependent manner. In colorectal cancer cells the
disruption of β-catenin/TCF-4 activity induces a rapid
G1 arrest and blocks the physiologically active genetic
program in the proliferative compartment of colonic
crypts. Simultaneously, an intestinal differentiation
program is induced, in which c-MYC plays a switch role
by direct repression of the p21CIP1/WAF1 promoter.
Following disruption of β-catenin/TCF-4 activity, the
decreased expression of c-MYC results in p21CIP1/
WAF1 transcription, which in turn mediates G1 arrest
[12]
and differentiation .
Though several in vitro studies proved that c-MYC
[61,62]
has the ability to sensitize or induce apoptosis
,
its role in apoptotic cell-death is not well established
and unclear in vivo. In a recent article, Phesse et
[63]
al
demonstrated for the first time in an in vivo
model that endogenous c-MYC is essential for efficient
induction of p53-dependent apoptosis following DNA
damage. It has been long known that p53 serves a
key element in the development of sporadic colorectal
[64]
cancer , and further, it is also involved in colitis[65]
associated carcinogenesis . Until now, in the gut
c-MYC was considered as a fundamentally expressed
gene responsible for epithelial regeneration and the
[63]
regulation of the number of crypt cells. Phesse et al
concluded that c-MYC serves as a universal regulator of
apoptosis in in vivo systems suggesting an important
and new aspect of colorectal carcinogenesis (Figure 2).
On the other hand, the exact mechanisms linking c-MYC
levels to Mdm2 expression still remain unclear. In
[63,66,67]
accordance with recent results
, one can speculate
that c-MYC may directly inhibit Mdm2 transcription. The
induction of the c-MYC-dependent apoptosis program
requires c-MYC expression to exceed a threshold, which
is defined by Bcl2 family proteins in a cell-, tissue type
[23]
and milieu-specific fashion . In the colon, however,
the different behaviour of the apoptosis regulator Bax,
controlled by c-MYC may suggest the existence of a
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Anti-inflammatory therapeutic
aspects of c-Myc in the colon
Mesenchymal stem cell transplantation (MSCT) has
been reported effective in the treatment of IBD
as it can restore epithelial barrier integrity, induce
immune suppression, and stimulate regeneration of
[74-78]
endogenous host progenitor cells
. Mesenchymal
stem cells can be engrafted into the damaged mucosa
[79]
and even differentiated into colonic interstitial cells .
The pathobiologic background of this reparative
process, however, is not well known. In an IBD-MSCT
rat model, when intestinal epithelium was inflamed,
the canonical Wnt signaling was found to be activated
[78]
by Wnt3a and inhibited by GSK-3β and APC . Shortly
after MSCT, the elevated c-Myc and downregulated
Apc gene expressions facilitate mesenchymal stem
cell proliferation, and then differentiation into intesti
nal epithelial cells in the anaphase, by reducing the
expression of c-Myc. These changes promoted inte
stinal stem cell proliferation and repaired the intestinal
mucosa. Though, MSCT is a useful therapeutic
possibility in IBD models, the parallel use of GSK3β
inhibitors after MSCT may be therapeutically useful to
enhance MYC-signaling, hence promoting reparative
[45]
cell proliferation .
Traditionally, the pathomechanism of Crohn’s
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Figure 3 Interplay of AMBRA1, c-MYC and mTOR in colorectal cancer cells. AMBRA1 links autophagy to cell proliferation by facilitating c-MYC demolition.
AMBRA1 promotes c-MYC phosphorilation and proteasomal degradation, therefore prevents hyperprolifearion and tumorigenesis. mTORC1 negatively controls the
function of AMBRA1, thus finally supporting c-MYC-driven cell proliferation. Arrows represent stimulation or increase; blocked arrows represent inhibition; broken
lines represent indirect effects. AMBRA1: Activating molecule in Beclin-1 regulated autophagy; mTORC1: Mammalian target of rapamycin complex 1; PP2A: Protein
phosphatase 2A.

in long-lasting suppression of the pro-inflammatory
[80]
functions of Th1 cells . These effects were mimicked
by an inhibitor of c-MYC function, as well, implicating
reduced expression of c-Myc as one avenue by which
BET-inhibitors suppressed the inflammatory functions
of T-cells. hypothetically, BET and c-MYC inhibition may
have therapeutic potential in Crohn’s disease (Table 1).

Table 1 Therapeutic options based on c-MYC targeting
are represented by various strategies in inflammatory and
cancerous colonic disorders
Main mode of action

Potential pathways/agents

Inflammatory colonic disorders
Upregulation of c-MYC expression
GSK inhibitors ± MSCT
Inhibition of c-MYC signaling
BET inhibitors ± c-MYC inhibitors
(suppression of Th1 function)
Cancerous colonic diseases
Downregulation of c-MYC
dose-dependent gene and protein
expression
expression suppression; PPAR-γ
(5-ASA, mesalazine)
suppressing protein expression by
UDCA
crosstalk with integrins
E2F1 inhibition (downregulatin
GCN5 expression)
FGFR kinase inhibition
epigenetic regulation by miR-320b
siRNA blocking of ABC-transporters
lncRNAs (blocking of PARROT or
CCAT1-L)
siRNAs using PEI-PGMA platform
modified ODC promoter
Promoting c-MYC degradation
26S proteosomal pathway (aspirin)
SIRT2 inhibition
Inhibition of c-MYC signaling
Omomyc
BET (+ Wnt/MAPK) inhibitors

Anti-cancer therapeutic aspects
of c-Myc in the colon
Cancer cells have been reported to display cell cycle
arrest, differentiation, senescence or cell death after
MYC inhibition via different molecular mechanisms
(Table 1).
5-aminosalicylic acid has been identified as an
agonist of peroxisome proliferator-activated receptor
[81]
(PPAR)-γ . Activation of PPAR-γ induces apoptosis
[82,83]
by downregulating c-MYC
. Regrading aspirin
the involvement of the 26S proteasomal pathway
has been found in decreasing c-MYC expression in
[84]
a concentration-dependent fashion . Due to its
oncogenic activities including cell growth, proliferation,
angiogenesis, genomic instability and blocking
differentiation, the downregulation of c-MYC would be
[85]
expected to have important clinical implications .
Ursodeoxycholic acid (UDCA) displays chemo
preventive action against chemical and colitis-associated
[86]
colonic carcinogenesis . One possible explanation
of this effect is the inhibition of cell proliferation by
suppressing c-MYC protein expression and, as a
consequence, cell cycle regulatory molecules including
[86]
cyclin-dependent kinase-4 and -6 . According to this
result, c-MYC is a target molecule of UDCA in colon
carcinoma cells. However, mapping the benefits of
UDCA administration for CRC chemoprevention at
population level needs further studies.
Integrins, containing noncovalently associated
α/β heterodimers provide dynamic cell to cell linkage
and cell attachment to matrix molecules. While in
normal human intestinal epithelium α1β1 integrins
[87]
are usually expressed in the lower third of crypts ,

GSK: Glycogen synthase kinnase; MSCT: Mesenchymal stem cell trans
plantation; PPAR-γ: Peroxisome proliferator-activated receptor-γ; 5-ASA:
5-aminosalicylate; UDCA: Ursodeoxycholic acid; E2F1: E2F Transcription
factor 1; GCN5: Histone acetyltransferase; FGFR: Fibroblast growth factor
receptor; miR-320b: Micro-ribonucleic acid-320b; siRNA: Small interfering
ribonucleic acid; ABC: Adenosine triphosphate-binding casette; lncRNA:
Long noncoding ribonucleic acid; PARROT: Proliferation associated RNA
and regulator of translation; CCAT1-L: Longer isoform of colon cancer
associated transcript 1; PEI-PGMA: Polyethileneimine-polyglycidal
methacrylate; ODC: Ornithine decarboxylase; SIRT2: Sirtuine2; BET:
Bromo- and extra-terminal domain; MAPK: Mitogen-activated protein
kinase.

disease has been associated with Th1 cytokine profile.
In an experimental autoimmune inflammation model
it was demonstrated that inhibiting the functions
of BET (bromo and extra-terminal domain)-family
proteins during early T-cell differentiation resulted
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in colorectal cancers and colon cancer cell lines
[88]
integrin-α1 is expressed up to 65% of cases . c-MYC
regulates several integrin subunits, thus influences
various functions of integrins regarding colon cancer
[89-92]
cell proliferation, migration, and survival
. A combi
nation of anti-MYC and -integrin targeted therapies
hence may represent novel aspects of anti-tumor
strategies in colon cancers.
Aberrant kinase activation originated from mutation,
amplification, or translocation can drive growth and
[93,94]
survival in several human cancers
. In gastric cancer,
the crosstalk between fibroblast growth factor receptor
(FGFR)2 and CD44 has been found to maintain cancer
stemness by reciprocically regulating their expression
[95]
via differentially regulating c-MYC transcription . Since
FGFR2 has been found to be amplified in the NCI-H716
[96]
colorectal cancer cell line , this result suggests
that emerging FGFR inhibitor therapeutics may have
efficacy in a subset of colon cancer driven by FGFR2
amplification.
It has been shown that the inhibition of BET protein
family impairs the proliferation of several cancer cell
[97-99]
lines
. These effects are partly mediated by c-MYC
[98]
[100]
repression . In a recent study of Tögel et al
the
authors investigated the effect of BET inhibitors on
proliferation and c-MYC expression within 20 CRC
cell lines. They have found that JQ1, a BET inhibitor,
administered together with Wnt or MAPK inhibitors
sufficiently downregulates the expression of c-MYC,
thus inhibits CRC cell proliferation. Based on these
results, this kind of combined therapy seems to be
effective in CRC treatment.
Upon recent results, targeting c-MYC can also be
considered as a promising anti-cancer therapeutic
[23,101-104]
strategy
. c-MYC inhibition with a protein
fragment called Omomyc has been shown to be very
effective to regress epithelial cell-derived tumors in
[23,105]
mice models
. Omomyc has been found to be a
pan-MYC family (c-, N- and L-MYC) inhibitor, potentially
useful for cancers carrying any MYC family member
[106]
amplification .
In case of cancers in which cell growth is not
dependent on amplified MYC family genes, MYC
suppression alone is not enough for a sufficient
therapeutic effect. In animal models of Myc-driven
cancers, reversion of the tumor by Myc suppression
has been impeded by the parallel repression of TP53
or retinoblastoma-1 proteins underlining the relevance
of these pathways to be intact for the treatment of
[107-109]
cancers by MYC targeting
.
Using a focused RNA interference library for genes
involved in epigenetic regulation, sirtuin2 (SIRT2), an
NAD(+)-dependent deacetylase, has been identified as
a modulator of the therapy response to EGFR inhibitors
[110]
in colon and lung cancers
. Thiomyristoyl lysine
compound (TM), a SIRT2 inhibitor with high potency
and specificity, has broad anti-cancer activity. SIRT2
inhibition was found to promote c-MYC ubiquitination
and degradation, hence it may be a potential
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target for c-MYC-driven cancers including colorectal
[111]
carcinoma .
Recent studies have suggested that the elevated
expression of general control nonrepressed protein
5 (GCN5), a histone acetyltransferase can often be
[112]
detected in human cancers
. GCN5 expression is
elevated in colon cancer, and its overexpression is
[113]
regulated by c-MYC . By suppressing GCN5 human
colon cancer cell growth can be inhibited. Furthermore,
the suppression of the proapoptotic transcription factor
E2F1-induced GCN5 transcription facilitates E2F1induced cell death, implying a negative feedback in
[113]
apoptosis regulation
. According to these results,
GCN5 seems to be a potential therapeutic target for
human colon cancers.
Regarding transcription factor-based therapies
of tumorous diseases inhibition of c-MYC may also
[101,114]
represent a promising option
. Numerous
cytotoxic agents, and ionizing radiation have been
shown to induce apoptosis following DNA damage.
Since most of the anti-cancer drugs are used in
combination with the potential of genotoxicity, it is
of importance to further assess the role of c-MYC in
response to DNA damage.
Therapeutic approaches that would allow the
reprogramming and returning of altered c-MYC activity
within tumor cells are also promising therapeutical
strategies. RNA interference technology is one of
these modalities. MiRNAs are key post-transcriptional
regulators of genetic networks. Single-stranded
mature miRNAs associated with Argonaute proteins
form the core of a gene regulatory complex [i.e. RNAinduced silencing complex (RISC)]. MiRNA-RISCmediated gene inhibition can be materialized by three
processes: (1) site-specific cleavage; (2) enhanced
[115]
mRNA degradation; and (3) translational inhibition .
Evidences indicate that post-transcriptional miRNAmediated gene expression regulation can act as
[116]
tumor suppressor or onogene in CRC
. Currently,
miR-320b has been found to be significantly down
regulated in CRC tumor tissues. In addition, miR320b overexpression has been found to correlate
with decreased cell growth both in vitro and in vivo.
Moreover, it has been also demonstrated that miR320b
directly targets c-MYC, and its overexpression in
SW-480, SW-620, HCT-116, LoVo, and HK293 CRC cell
lines decreases c-MYC expression at gene and protein
[117]
level as well . According to these results, increasing
miR-320b gene expression may represent a potential
therapeutic approach in CRC.
Colorectal cancer stem cells (CSCs) has an
important role in tumor initiation, progression, and
recurrence. c-MYC was found to be highly expressed
[118]
in CD133+ colon CSCs
. The overexpression of
ATP-binding casette (ABC) transporters in cancer cells
can result in therapy resistance by exporting anti[119]
tumor drugs . Recently, c-MYC expression has been
effectively blocked on mRNA and protein level by
c-MYC small interfering RNA (siRNA), moreover c-MYC
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silencing sensitized CD133+ CSCs to chemotherapyinduced cytotoxicity by downregulating the expression
[120]
of ABC transporter proteins .
In eukaryotic cells a vast number of noncoding RNA
species are transcribed. Among them, long noncoding
RNAs (lncRNAs) have been widely implicated in
post-transcriptional gene expression regulation. The
expression level of lncRNAs is usually very low and
[121]
tissue-specific
. c-MYC can regulate the expression
of lncRNAs, some of these may also contribute to
[122]
the transcription of c-MYC target genes
. It has
been reported that proliferation associated RNA
and regulator of translation (PARROT), an lncRNA
dynamically expressed in both transformed and
normal cells contributes to proliferation in senescence
and cancer. PARROT has been also identified as an
upstream regulator of c-MYC. Its depletion results in
the depletion of c-MYC mRNA and protein expression,
[121]
subsequently altering cell growth and proliferation .
In gastric cancer c-MYC activates the expression of
colon cancer associated transcript 1 (CCAT1) lncRNA,
leading to an increased proliferation and migration of
[123]
cancer cells
. CCAT1-L, a longer isoform of CCAT1,
has been reported to regulate MYC expression in
colon cancer. It is supposed that CCAT1-L allows the
interaction between the enhancer and the c-MYC
[124]
promoter thus promotes tumorigenesis .
Achieving effective intracellular delivery of thera
peutic RNA interfering molecules such as siRNAs or
short hairpin RNAs (shRNAs) is quite challenging. In a
recent study, spherical nucleic acid-gold nanoparticle
conjugates have been shown to selectively induce
[125]
apoptosis in glioma cells in vivo . However, the used
21 base siRNA duplexes were quite unstable. ShRNAs
with a transient period of expression are better suited
for long-term effectiveness, due to their ability to
produce siRNAs continuously within cancer cells, thus
[126]
resulting in prolonged suppression of target genes .
Until today, shRNAs have been delivered effectively
in vivo using viral vectors. Among nonviral vectors,
polyethileneimine (PEI) is the most widely used, gold[127]
standard agent
. However, the major disadvantage
[128]
of PEI is its cytotoxicity . On the other hand, it has
been demonstrated that anchoring multiple PEI chains
to macromolecule polyglycidal methacrylate (PGMA)
nanoparticles dramatically reduces their cytotoxicity,
[129]
while achieving efficient nanoparticle endocytosis
.
Using the PGMA platform effective delivery of small
oligos (anti-miRs and mimics) and larger encoding
shRNAs were performed in a wide variety of cancer
cell lines including colorectal ones. Furthermore, the
effectiveness of this therapy was validated for in vivo
tumor suppression using transgenic mouse models. It
was found that oral delivery of the c-Myc-conjugated
nanoparticles to an Apc-deficient crypt progenitor
colon cancer model resulted in an increased host
survival and re-entered intestinal tissue to a non-Wnt[126]
deregulated state
. According to these results, it
seems that careful design of nonviral nanoparticles
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may help to made RNA interference technology an
affordable and amenable therapy for CRC.
Regarding tumor-specific cytotoxicity, viral-directed
enzyme prodrug therapy may also represent an ideal
[130]
alternative
. However, the viruses used to deliver
cDNAs encoding prodrug-activating enzymes can
transduce normal cells, not just tumor cells. To achieve
tumor-specific expression of the delivered cDNAs is
to regulate transcription of the prodrug-activating
enzyme with a promoter that is preferentially activated
by tumor cells. MYC-responsive, modified ornithine
decarboxylase (ODC) promoter/enhancer sequences
have been identified that upregulate target protein
expression in SW480 an HT29 colon cancer cells
overexpressing the c-MYC protein. The modified ODC
promoter may be useful in achieving tissue-specific
expression of target proteins in cancers overexpress
[131]
c-MYC .

CONCLUSION
The incidence of inflammatory colonic disorders
is increasing worldwide. Though inflammation is
required to heal infections, wounds, and maintain
tissue homeostasis, as the seventh hallmark of
cancer, however, it may affect all stages of tumor
development. c-MYC, with its dual-faced role in cell
proliferation and death, is implicated in several aspects
of inflammatory tissue damage and repair. Since the
therapeutic potential of c-MYC influencing therapies
has not studied yet in the clinic, additional studies are
needed to determine whether long-term treatment
with c-MYC targeting agents can therapeutically
suppress ongoing inflammation.
Colorectal carcinogenesis is a complex, multistep
process that is driven by the accumulation of multiple
genetic alterations. c-MYC is overexpressed in several
types of malignant tumors including colorectal cancer,
and is necessary for the uncontrolled proliferation of
cancer cells. Single or combined therapies based on
c-MYC targeting are represented by various strategies.
Molecules directly targeting c-MYC, or agents acting
on other genes involved in the c-MYC pathway could
be selected for combined regiments. However, due to
its context-dependent cellular function, it is clinically
essential to consider which cytotoxic drugs are used
in combination with c-MYC targeted agents in various
tissues. Noncoding small RNAs have been recently
[132]
implicated in anti-cancer therapies
. Regardless of
the therapy applied, it is important to first determine
the molecular pathways underlying the agents to
inform the therapy design. Combining c-MYC-targeting
agents with specific noncoding RNAs may lead to the
development of novel colorectal cancer therapies.
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Abstract
Alterations in epigenetic control of gene expression play
an important role in many diseases, including gastric
cancer. Many studies have identified a large number
of upregulated oncogenic miRNAs and downregulated
tumour-suppressor miRNAs in this type of cancer. In this
review, we provide an overview of the role of miRNAs,
pointing to their potential to be useful as diagnostic and/
or prognostic biomarkers in gastric cancer. Moreover, we
discuss the influence of polymorphisms and epigenetic
modifications on miRNA activity.
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functions have been found altered in correlation with
clinico-pathological features and/or prognosis in
[5,7]
[14]
[15]
GC . Ribeiro-dos-Santos et al
and Moreira et al
suggested the existence of gastric tissue and organ
miRNA expression signatures. Accordingly, Gomes et
[16]
al observed a specific expression signature of let-7b,
miR-21, miR-29c, miR-31, miR-192, miR-141, miR148c and miR-451 in GC.
In this review, we describe the role and clinical
significance of miRNAs, highlighting their use as
potential prognostic and/or diagnostic biomarkers
in GC. Moreover, we discuss the influence of poly
morphisms and epigenetic modifications on miRNA
activity.

Core tip: Accumulating evidence indicates that dysre
gulated miRNAs play important roles in gastric cancer
pathogenesis. In this context, we provide an overview
of the role of miRNAs, pointing to their potential to
be used as diagnostic and prognostic biomarkers in
gastric cancer. Moreover, we discuss the influence of
polymorphisms and epigenetic modifications on miRNA
activity.
da Silva Oliveira KC, Thomaz Araújo TM, Albuquerque CI,
Barata GA, Gigek CO, Leal MF, Wisnieski F, Rodrigues Mello
Junior FA, Khayat AS, de Assumpção PP, Rodriguez Burbano RM,
Smith MC, Calcagno DQ. Role of miRNAs and their potential
to be useful as diagnostic and prognostic biomarkers in gastric
cancer. World J Gastroenterol 2016; 22(35): 7951-7962 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i35/7951.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i35.7951

ROLES AND CLINICAL SIGNIFICANCE OF
miRNAs IN GASTRIC CANCER
In cancer, miRNAs can function as oncogenes and/or
tumour suppressor genes depending on the outcome
of the target mRNA (oncomiRNA or tsmiRNA,
respectively). Increased activity of an oncomiRNA
leads to inhibition of apoptosis and cell proliferation.
In contrast, decreased activity of a tsmiRNA leads to
[17]
increased tumour formation .
Because in vitro and in vivo introduction of
tsmiRNAs promotes antitumoural activity by restoring
[18,19]
lost tumour suppressor activity
and the use of
antagomirs inhibits the pro-tumourigenic activity of
[20]
oncomiRNAs , improved understanding of miRNAs’
role in cancer could be helpful for providing novel
insights into the role of miRNAs as molecular targets,
whose modulation might hold therapeutic promise.
Both the overexpression of oncomiRNAs and the
decreased expression of tsmiRNAs play pivotal roles in
GC, and many studies in the literature have identified
a large number of upregulated and downregulated
miRNAs and their potential targets in this type of
cancer. Therefore, aberrant expression of miRNAs
has been significantly related to clinico-pathological
features such as tumour stage, size, differentiation,
[21-118]
metastasis and H. pylori status (Table 1)
.
In GC, studies have consistently reported that
miR-106a has oncogenic activity through suppressing
the expression of TIMP2, PTEN, FAS and RUNX3
[45-50]
[50]
genes
. Zhu et al
demonstrated that miR-106a
is frequently upregulated in human GC and is closely
associated with local tumour invasion and distant
spreading by directly regulating its functional target
TIMP2, a metastasis associated gene. Similarly, Xiao
[45]
et al stated that the level of miR-106a in GC tissues
was significantly higher than that in non-tumour
tissues, with an average increase of 1.625-fold and
was significantly associated with tumour stage, size
and differentiation, lymphatic and distant metastasis
and invasion.
On the other hand, let-7a is one of the most
important tsmiRNAs involved in gastric carcinogenesis,

INTRODUCTION
Gastric cancer (GC) is the fifth most frequent cancer,
besides being the third leading cause of cancer[1]
related death worldwide . According to Laurén, GC
[2]
is classified into intestinal and diffuse types , which
are a consequence of an accumulation of genetic and
[3]
epigenetic modifications .
Epigenetic events refer to alterations that promote
gene expression variation without changing the DNA
sequence yet leading to transcriptional activation or
[4]
silencing of the gene .
Epigenetic alterations, mainly aberrant DNA methyla
tion, histone modifications and microRNA (miRNA)
expression play a central role in many diseases, in
[5-7]
cluding GC .
miRNAs are a class of small non-coding RNAs (19–
25 nucleotides) that act as important epigenetic players
in many cellular processes, such as differentiation,
proliferation and apoptosis, exerting a great influence in
[8,9]
cancer pathogenesis .
In general, miRNA genes are located in intergenic
regions, suggesting that most miRNA genes are
[10]
transcribed as autonomous transcription units .
Moreover, these molecules are usually transcribed by
RNA polymerase II, generating long primary transcripts
(pri-miRNAs). The pri-miRNAs are processed to premiRNAs (70 nucleotides) by Drosha. Then, these premiRNAs are processed by Dicer and generate a double[8]
stranded RNA, which includes the mature miRNA .
The mature miRNAs repress protein translation
through binding to the target protein-coding mRNAs
by base-pairing to partially complementary regions
frequently located at the 3’-untranslated regions
[8,11-13]
(3’-UTR) of the target transcript
.
A large number of miRNAs with different biological
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Table 1 Deregulated miRNA in gastric cancer tumor
miRNA/role

Targets

Clinicopathological
features

mir-19a

miR-20a

UBE2C
FBXO31

MXD1
SOCS1
PTEN

EGR2
E2F1

miR-21

PTEN
PDCD4
RECK
SERPINI1

miR-25

FBXW7
TOB1
RECK

miR-27a

miR-106a

miR-106b

miR-200b

miR-215
miR-222

PHB
ZBTB10
HOXA10
CCND1
TIMP2
PTEN
FAS
RUNX3

P21
E2F5
E2F1
ZEB1
ZEB2
SUZ12
DNMT3A
DNMT3B
SP1
WNT-1
RB1
RUNX1
PTEN
RECK

COX-2

miR-148a

ROCK1
MMP7
p27
DNMT1

Ref.

OncomiRNAs
miR-17

miR-143

Tumor size
Tumor infiltration
Clinical grade
Prognosis
Tumor stage

[21-24]

Migration
Invasion
Metastasis
Proliferation
Multidrug resistance
Overall survival
Relapse-free survival
Self-renewal and
proliferation of GC stem
cells
Chemoresistance of GC
cells to cisplatin and
docetaxel

[25-28]

Differentiation
Lymph node metastasis
H. pylori infection
Tumor stage
Tumor size
Proliferation
Invasion
Migration
Metastasis
Aggressive phenotype
Poor long-term survival

[29,32-37]

miR-200c

SMAD4
RND3
DNMT3A
DNMT3B
SP1

miR-204

[29-31]

SIRT1
BCL-2
EZR

[38-41]

H. pylori infection
Proliferation
Drug resistance

[42-44]

Invasion
Differentiation
Distant metastasis
Lymph node metastasis
Tumor stage
Tumor size
Lymph node metastasis
Depth of infiltration

[45-50]

miR-218

VOPP1
ROBO1

miR-433

RAB34
KRAS

Controversial
miR-9

miR-107

miR-146a
[29,46,51-54]

Diffuse-type
Poor overall survival
H. pylori infection
Metastasis
Tumor size

[55-58]

Tumor stage

[59-61]

miR-155

Shorter metastasis-free
survival
Proliferation

[38,62-65]

Differentiation
Lymph node metastasis
Cell cicle arrest
Growth suppression
Overall survival
Relapse-free survival

[66-71]

miR-181b

CCND1
ETS1
CDX2
GRB2
NF-kappaB1
RAB34
FOXO1
DICER1
CDK6

EGFR
IRAK1
L1CAM
CARD1O
COPS8
NASF2
SMAD4
WASF2
SMAD2
CDC73
CYCLIN D1

CREB1
BCL2

tsmiRNAs
let-7a

RAB40C
CDKN1
SPHK2
FN1
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miR-223

EPB4IL3
STMN1
FBXW7
HMGA2

7953

Invasion
Haematogenous metastasis
Lymph node metastasis
Tumor stage
Clinical stage
Lymph node metastasis
Poor clinical outcome
Epithelial-mesenchymal
transition

[69,72-75]

Lymph node metastasis
Poor overall survival
Sensitivity of
chemotherapy to cisplatin
Clinical stage
Invasion
Epithelial-mesenchymal
transition
Anoikis resistance
Migration
Invasion
Colony forming ability
Proliferation
Migration
Metastasis
Tumor stage
Overall survival
Proliferation
Migration
Invasion

[56,57,81,82]

Proliferation
Invasion
Metastasis

Invasion
Differentiation
Lymph node metastasis
Tumor size
Tumor stage
Overall survival
Tumor size
Poor differentiation

[76-80]

[83-85]

[86-89]

[90-92]

[90,93-96]

[97-100]

[101-106]

Lymph node metastasis
Venous invasion
Overall survival time
Apoptosis
Invasion
Lymph node metastasis
H. pylori infection
Cell viability
Apoptosis
Proliferation
Migration
Invasion
Colony formation
Apoptosis
Multidrug resistance
Poor metastasis-free
survival
Apoptosis
Proliferation
Invasion
Poor clinical prognosis

[38,107-111]

[112-115]

[116-118]

September 21, 2016|Volume 22|Issue 35|

da Silva Oliveira KC et al . miRNA and gastric cancer
[125-127]

and studies in the literature have reported RAB40C,
[66-71]
CDKN1, SPHK2 and FN1 as its targets
. Yang et
[68]
al
demonstrated that GC tumour and cell lines
with lower expression of let-7a tended to have poor
differentiation. Furthermore, they demonstrated
that induced overexpression of let-7a resulted in a
decrease in cell proliferation, G1 arrest and significant
suppression of anchorage-dependent growth in vitro
and tumourigenicity of GC cells in a nude mouse
xenograft model.
Several studies have reported on miRNAs with a
controversial role in gastric carcinogenesis such as
[114]
miR-107 and mir-181b. For example, Guo et al
stated that the proliferation, migration and invasion
of GC cells significantly increased after miR-181b
transfection, probably due to downregulation of protein
[115]
levels of TIMP3. Conversely, Chen et al
showed
that miR-181b is downregulated in human GC cell
lines in comparison with gastric epithelial cells. They
observed that overexpression of miR-181b suppressed
the proliferation and colony formation rate of GC cells,
suggesting that miR-181b may function as a tumour
suppressor in gastric adenocarcinoma cells through
negatively regulating the CREB1 gene.
The dual role of this and other miRNAs could be
explained by the fact that a single miRNA is capable of
targeting multiple genes, repressing the production of
hundreds of proteins, directly or indirectly. Additionally,
each gene can be regulated by multiple miRNAs,
so the final effect will depend on these complex
[119,120]
interactions
.
Because miRNAs have thousands of predict targets
in a complex regulatory cell signalling network, it is
important to study multiple target genes simultaneously.
Thus, a research group at Federal University of Pará
(UFPA) developed the web tool TargetCompare (http://
lghm.ufpa.br/targetcompare) to analyse multiple gene
targets of pre-selected miRNAs. The described tool
is useful for reducing arbitrariness and increasing the
chances of selecting target genes having an important
[121]
role in the analysis .

be protected from existing ribonucleases
. Thus,
it is plausible to use circulating miRNAs as biomarkers
for early detection of various diseases, including GC.
Several studies have described circulating miRNAs
as reproducible and reliable potential biomarkers as well
[128-137]
as therapeutic targets in GC (Table 2)
. Tsujiura et
[130]
al
suggested that miR-18a, which is a component
of the miR-17-92 cluster, could be considered a novel
plasma biomarker in GC patients. In addition to
observing that the plasma miR-18a concentrations
were significantly higher in GC patients than in healthy
controls, they also stated that the plasma miR-18a
levels were significantly reduced in postoperative
samples compared to preoperative samples.
[138]
Recently, Wang et al
assessed the diagnostic
performance of circulating miRNAs for the detection
of gastrointestinal cancer in a meta-analysis including
21 GC studies. The majority of the GC studies were
of Asian ethnicity, and the most frequent miRNAs
found in plasma or serum were miR-106b and
miR-21. In Caucasian patients with GC, they described
miR-203, miR-146b-5p, miR-192 and miR-200c as
potential biomarkers in plasma. However, many of
these biomarkers have been tested in very restricted
parameters and are highly influenced by ethnic and
environmental factors, thus making it even more
difficult to find specific biomarkers for GC.

EPIGENETIC FACTORS INFLUENCING
miRNA EXPRESSION IN GASTRIC
CANCER
Many molecular mechanisms lead to miRNA dere
gulation such as genetic mutation and epigenetic
aberration. Approximately half of miRNA genes are
located next to CpG islands, and the expression of these
miRNAs is regulated by alterations in DNA methylation
[139-143]
and histone modification
.
DNA methylation is involved in silencing expression
of tumour suppressor genes by establishing and
[5-7,144]
maintaining a repressive status at gene promoters
.
The basic transcription mechanism of miRNAs is
fundamentally similar to that of classical protein-coding
genes, and aberrant DNA hypermethylation has been
shown to silence tsmiRNAs in cancer.
Many miRNAs have been reported to be down
regulated due to hypermethylation of the CpG islands in
GC, such as miR-9, miR-34b/c, miR-129, miR-137, miR181c, miR-199a, miR-212, miR-338, miR-512, miR-516,
[142,143,145-150]
miR-941 and miR-1247
.
Several studies have shown that the miRNA methy
lation level was positively associated with the clinico[147]
pathological features of GC . Low expression levels
of miR-34b and miR-129-3p are associated with a poor
clinical outcome in GC patients, and hypermethylation
of miR-129-2 and miR-34b CpG islands tends to
[148]
correlate with poor clinico-pathological features .
miRNAs can also be decontrolled as a consequence

CIRCULATING miRNAs AS POTENTIAL
GASTRIC CANCER BIOMARKERS
In cancer, it has been shown that primary tumour cells
can release specific cancer miRNAs into the tumour
[122,123]
microenvironment as well as into the circulation
.
In recent years, studies have reported that miRNAs
detectable in plasma or serum are more stable among
individuals of the same species in comparison with
[124]
other circulating nucleic acids .
This finding could be explained by the fact that
circulating miRNAs exhibit resistance to endogenous
ribonuclease activity by binding certain proteins
such as Argonaute2 and high-density lipoproteins,
besides being packaged in secretory particles including
apoptotic bodies and exosomes, which allow them to

WJG|www.wjgnet.com

7954

September 21, 2016|Volume 22|Issue 35|

da Silva Oliveira KC et al . miRNA and gastric cancer
Table 2 Circulating miRNA as diagnostic and prognostic biomarkers
miRNA

Samples

Potential
biomarker type

Method

Clinical implication

Ref.

miR-1

164 GC/127 C Serum

Diagnostic

GC detection

[128]

miR-16

40 GNCA/40 C Plasma

Diagnostic

Early detection of GNCA

[122]

Diagnostic
Prognostic

miR-20a

164 GC/127 C Serum

GC detection
Prediction of prognosis and monitoring
of chemotherapeutic effects
Screening GC and monitoring tumor
dynamics
GC detection

[46]
[129]

miR-18a

79 GC/30 C Plasma
79 pre-operative GC/30 postoperative GC/6 relapse Plasma
104 GC/65 C Plasma

Solexa sequencing
qRT-PCR
Taqman low-density array
qRT-PCR
qRT-PCR
qRT-PCR

Early detection of GC
Prediction of prognosis and monitoring
of chemotherapeutic effects
Prognostic marker
Predicting LN metastasis

[131]
[129]

GC detection
GC detection
Early detection of GNCA

[46]
[134]
[122]

GC detection

[128]

Early detection of GNCA

[122]

GC detection
GC detection
Early detection of GC
GC detection
GC detection
Early detection of GC
GC detection
Early detection of GC

[46]
[46]
[131]
[135]
[134]
[131]
[134]
[136]

GC detection

[128]

Screening GC

[137]

Early detection of GNCA

[122]

GC Screening

[137]

Early detection of GNCA

[122]

GC detection

[46]

miR-17-5p

Diagnostic
Prognostic
Diagnostic

qRT-PCR

Diagnostic
Prognostic
Prognostic
Prognostic

qRT-PCR
qRT-PCR

miR-25

90 GC/90 C Plasma
79 pre-operative GC/30 postoperative GC/6 relapse Plasma
69 GC Plasma
16 LN-metastasis positive/15
LN-metastasis negative/10 C
Serum
79 GC/30 C Plasma
70 GC/70 C Plasma
40 GNCA/40 C Plasma

Solexa sequencing
qRT-PCR
qRT-PCR
qRT-PCR

Diagnostic
Diagnostic
Diagnostic

miR-34

164 GC/127 C Serum

Diagnostic

miR-92a

40 GNCA/40 C Plasma

Diagnostic

miR-106a
miR-106b
miR-191
miR-218
miR-221
miR-223
miR-378

79 GC/30 C Plasma
79 GC/30 C Plasma
90 GC/90 C Plasma
57 GC/58 C Serum
70 GC/70 C Plasma
90 GC/90 C Plasma
70GC/70C Plasma
61GC/61C Serum

Diagnostic
Diagnostic
Diagnostic
Diagnostic
Diagnostic
Diagnostic
Diagnostic
Diagnostic

miR-423-5p

164GC/127C Serum

Diagnostic

56GC/30C Plasma

Diagnostic

40GNCA/40C Plasma

Diagnostic

56GC/30C Plasma

Diagnostic

40GNCA/40C Plasma

Diagnostic

79GC/30C Plasma

Diagnostic

qRT-PCR
qRT-PCR
Taqman low-density array
qRT-PCR
Solexa sequencing
qRT-PCR
Taqman low-density array
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
miRNA microarray
qRT-PCR
Solexa sequencing
qRT-PCR
miRNA microarray
qRT-PCR
Taqman low-density array
qRT-PCR
miRNA microarray
qRT-PCR
Taqman low-density array
qRT-PCR
qRT-PCR

miR-21

miR-451

miR-486
miR-486-5p
let-7a

[130]
[128]

[132]
[133]

C: Control; GC: Gastric cancer; LN: Lymph node; GNCA: Gastric non-cardia adenocarcinoma; qRT-PCR: Quantitative real time polymerase chain reaction.

of aberrant expression of specific epigenetic regulators
such as polycomb repressor complexes and histone
[151]
deacetylases (HDACs). Wisnieski et al
demonstrated
HDAC1 downregulation in gastric tumours compared
with adjacent non-tumour samples. According to Scott
[152]
et al
, inhibition of HDACs results in transcriptional
changes in approximately 40% of miRNAs expressed
in a breast cancer cell line (SKBr3).
[153]
In 2009, Saito et al
analysed the miRNA ex
pression profile in human GC cells treated with 5-aza2′-deoxycytidine (5-Aza-CdR) and 4-phenylbutyric
acid (PBA), and they suggested that chromatin
remodelling at Alu repeats by DNA demethylation and
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HDAC inhibition can induce expression of silenced
miR-512-5p. Moreover, activation of miR-512-5p can
lead to suppression of Mcl-1, resulting in apoptosis of
gastric cancer cells. Thus, epigenetic treatment, by
using synthetic miRNAs, can serve as an “endogenous
silencer” of target oncogenes in GC cells, blocking their
activity as tumour enhancers.

SINGLE-NUCLEOTIDE miRNA
POLYMORPHISMS IN GASTRIC CANCER
Single-nucleotide polymorphisms (SNPs) in miRNA have
also been associated with alteration of GC susceptibility
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Table 3 miRNA related to the risk of gastric cancer
miRNA

SNP

Country

Population

Number of cases/
controls

Ref.

miR-27a

rs895819

China
China
China
China
China
China
Japan
Japan
China
South Korea
Japan
Japan
China
South Korea
Greece
Japan
South Korea
China
China
South Korea
Greece
China
China
China
China
China
China

Asian
Asian
Asian
Asian
Asian
Asian
Asian
Asian
Asian
Asian
Asian
Asian
Asian
Asian
Greak
Asian
Asian
Asian
Asian
Asian
Greak
Asian
Asian
Asian
Asian
Asian
Asian

304/304
295/413
278/278
892 /978
278/278
304/304
583/1637
90/90
1686/1895
461/447
552/697
552/697
213/213
461/447
163/480
697/552
461/447
363/969
274/269
461/447
163/480
183/348
205/393
522/501
857/748
240/240
107/124

[43]
[154]
[155]
[156]
[155]
[157]
[158]
[101]
[159]
[160]
[161]
[161]
[162]
[160]
[163]
[161]
[160]
[164]
[165]
[160]
[163]
[166]
[167]
[168]
[169]
[170]
[171]

rs11671784
miR-146a

rs2910164

miR-196a

rs11614913

miR-499

rs3746444

miR-149

rs2292832

miR-24
miR-570
miR-200c
miR-505
Pre-miR-30c
Pri-let-7a-2

rs4819388
rs4143815
rs12904
rs111638916
rs928508
rs629367

and modification of target gene expression. However, the
role of these genetic variants in GC susceptibility remains
[7]
[154-171]
essentially unidentified . Table 3
summarizes
described SNPs in miRNA in GC.
One of the most described miRNA SNPs associated
with elevated risk in GC is SNP rs2910164 of miR-146a.
[160]
Ahn et al
demonstrated that the C/G polymorphism
in miR-146a decreases miR-146a expression and
subsequently leads to reduced regulation of the
target genes TRAF6, IRAK1 and PTC1 by the C allele.
Moreover, some studies reported that miR-146a
rs2910164 also affects susceptibility to gastric lesions.
[172]
Song et al
found that the G/C polymorphism in miR146a rs2910164 may play a role in the evolution of H.
pylori-associated gastric lesions. Thus, SNP rs2910164
may be used as a genetic biomarker to predict GC risk.
SNPs in pri-miRNAs and pre-miRNAs could affect
the maturation process and function of the miRNA,
which may affect the expression of many proteins in
[171]
the interaction pathway. Recently, Xu et al
found
that upregulation of pri-let-7a-2 expression by the
rs629367 C/C genotype was associated with increased
risk and low survival in GC, probably by affecting the
expression of mature let-7a.
The binding capacity of a miRNA with its target
can be modified by SNPs affecting the miRNA TAG
sequence. Additionally, a SNP in an mRNA sequence
could influence the complementarity between the
miRNA and the target mRNA. This could result in
alteration of susceptibility to tumorigenesis. Wang et
[167]
al
described that a SNP in the PDL1 (rs4143815)
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could affect its protein expression by interfering with
miR-570 negative regulation. Furthermore, this SNP
was significantly related to the risk of GC and depth of
tumour infiltration, differentiation grade, lymph node
metastasis, tumour size and staging.
Hence, SNP data could be useful to improve our
understanding of the contribution of individual sus
ceptibility to GC pathogenesis.

FUTURE PERSPECTIVES
Accumulating evidence indicates that the dysregulation
of miRNAs plays important roles in GC pathogenesis.
In this context, miRNA expression profiles have been
shown to correlate with GC development, progression
[173,174]
and response to therapy
, suggesting their
possible use as diagnostic, prognostic and predictive
biomarkers.
Moreover, miRNA-based anticancer therapies have
recently been explored, either alone or in combination
[175,176]
with current targeted therapies
. However, a big
challenge in using miRNAs in cancer therapeutics is
the considerable number of genes that a single miRNA
can target, leading to a pleiotropic effect that may limit
their manipulation at the systemic level. Nevertheless,
the increasing capability of producing synthetic inter
fering miRNAs with higher affinity to the desired target
is minimizing this barrier.
Thus, the strategy of using miRNAs for targeted
therapy in the near future is probably over-optimistic,
considering that the studies of miRNA-based the
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rapeutics are still premature; however, the number of
discoveries, increasing so fast in the past few years, is
surely extremely promising.
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REVIEW

Periodontal and inflammatory bowel diseases: Is there
evidence of complex pathogenic interactions?
Ronaldo Lira-Junior, Carlos Marcelo Figueredo
pathogenesis is mediated by a complex interplay
between a dysbiotic microbiota and the host immuneinflammatory response, and both are influenced by
genetic and environmental factors. This review aimed
to provide an overview of the evidence dealing with a
possible pathogenic interaction between periodontal
disease and IBD. There seems to be an increased
prevalence of periodontal disease in patients with
IBD when compared to healthy controls, probably
due to changes in the oral microbiota and a higher
inflammatory response. Moreover, the induction of
periodontitis seems to result in gut dysbiosis and
altered gut epithelial cell barrier function, which might
contribute to the pathogenesis of IBD. Considering the
complexity of both periodontal disease and IBD, it is
very challenging to understand the possible pathways
involved in their coexistence. In conclusion, this review
points to a complex pathogenic interaction between
periodontal disease and IBD, in which one disease
might alter the composition of the microbiota and
increase the inflammatory response related to the
other. However, we still need more data derived from
human studies to confirm results from murine models.
Thus, mechanistic studies are definitely warranted to
clarify this possible bidirectional association.
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Core tip: The prevalence of periodontal disease seems
to be increased in patients with inflammatory bowel
disease (IBD). Moreover, the induction of periodontitis
seems to result in gut dysbiosis and altered gut
epithelial cell barrier function. This review points to a
complex pathogenic interaction between periodontal
disease and IBD, in which one disease might alter
the composition of the microbiota and increase the
inflammatory response related to the other disease.

Abstract
Periodontal disease and inflammatory bowel disease
(IBD) are both chronic inflammatory diseases. Their
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Therefore, this review aimed to provide an overview
of the evidence dealing with a possible pathogenic
interaction between periodontal disease and IBD.
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PERIODONTAL DISEASE
Periodontal disease is one of the most prevalent
chronic diseases of mankind. Gingivitis, the initial
lesion, is a reversible inflammatory condition of
the soft tissue surrounding the teeth, induced by a
direct immune response to the biofilm formed on
the tooth surfaces on a daily basis. Periodontitis is a
multifactorial inflammatory disease that destroys the
tooth-supporting structures and may lead to tooth
[12]
loss . Its severe form affects over 740 million people
[13]
worldwide . Figure 1 depicts a simplistic view of
healthy periodontal tissue on one side and diseased
tissue on the other.
The pathogenesis of periodontal disease, similarly
to that of IBD, involves a complex interplay between
periodontopathogens and the host immune-inflam
matory response, greatly influenced by genetic and
environmental factors. Although the presence of
microorganisms is required, it is not sufficient for
[14]
disease initiation . Rather, it is the unbalanced,
persistent host inflammatory reaction against the
pathogens that results in the destruction of periodontal
[14]
tissues .
While it was once believed that a few specific
microorganisms, mainly those forming the so-called
“red complex” (Porphyromonas gingivalis, Treponema
denticola and Tannerella forsythia), were involved in
the aetiology of periodontitis, advances in technology
and our deeper understanding of microbiome dynamics
have pointed to a dysbiotic microbial community
as responsible for eliciting a non-resolving chronic
[15,16]
inflammation and tissue destruction
. This dysbiotic
community provides a constant challenge to the innate
[17]
immune system . Bacterial components, such as
lipopolysaccharides, peptidoglycans and proteases,
induce an inflammatory response through stimulation
of pattern recognition receptors on inflammatory cells
as well as on resident cells.
This host inflammatory response is mediated
mainly by neutrophils, monocytes/macrophages,
and T and B lymphocytes. As a result, inflammatory
mediators, including cytokines, chemokines and
proteolytic enzymes, are produced and contribute to
tissue degradation and bone resorption. Neutrophils
are the first cells to arrive at the inflammatory inflitrate
and predominate within the junctional epithelium
[18]
and gingival crevice . Previous studies from our
group have shown that neutrophils from periodontitis
patients are hyper-reactive and contribute to tissue
[3,19,20]
destruction
. These neutrophils have also been
[21]
shown to present a cytokine hyper-reactivity
and a
[22]
dysfunctional chemotaxis .
When the resolution of inflammation is not achieved,
antigen-presenting cells are activated by bacterial pro

INTRODUCTION
Periodontal disease is a biofilm-induced chronic
inflammatory condition that affects the tooth-supporting
tissues, which in its severe form may lead to tooth
loss and negatively affect systemic health. Although
host immune and inflammatory responses are crucial
in the control of this biofilm, their persistence and
dysregulation may lead to destruction of periodontal
[1]
tissues , where neutrophils and macrophages might
[2,3]
play an important role . Moreover, it has been shown
that periodontitis is associated with several chronic
inflammatory diseases, among which inflammatory
[4,5]
bowel disease has raised special attention .
Inflammatory bowel disease (IBD) is a chronic
inflammatory condition of the gastrointestinal tract,
which comprises two main forms, Crohn’s disease
[6]
and ulcerative colitis . The pathogenesis of IBD
involves genetic and environmental factors, such as
[7]
diet, smoking, stress, and microorganisms , and it is
characterized by intestinal inflammation and epithelial
[8,9]
injury . Crohn’s disease (CD) is characterized by
macrophage aggregation, frequently forming noncaseating granulomas and transmural inflammation. The
terminal ileum is the most common site affected, but
the disease can involve any site of the gastrointestinal
tract. Ulcerative colitis (UC) is characterized by a
significant infiltration of neutrophils within the lamina
propria and the crypts, forming micro-abscesses and
superficial mucosal ulceration. The distal colon is the
[6,7]
most affected region . As previously mentioned,
both cell types, macrophages and neutrophils, are also
relevant to the pathogenesis of periodontal disease,
suggesting that under a similar cytokine signalling,
these diseases might share similar pathways.
Indeed, the presence of periodontal disease is
more frequent in patients with IBD when compared
[4]
to controls . In addition, greater severity and extent
of periodontitis have been found in IBD patients
[5]
when compared to healthy controls . This might be
related to a higher expression of IL-18 in the serum of
[10]
IBD patients with periodontitis . However, different
cytokine clustering patterns were observed in gingival
tissues in comparison to those found in intestinal
[11]
tissues . This might suggest that although a common
pathway may exist in serum, local cytokine behaviour
may be slightly different.
Considering the complexity of both periodontal
disease and IBD, it is very challenging to comprehend
the possible pathways involved in their coexistence.
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Figure 1 Depiction of the tooth inserted into the alveolar bone in a scenario of periodontal health (left) and periodontitis (right). In periodontal health, the
alveolar bone and connective tissue are covered by the oral epithelium. The junctional epithelium (JE) connects the gingiva to the tooth, and the gingival crevice (GC)
is the area between the sulcular epithelium (SE) and the tooth surface. In periodontitis, there is a periodontal pocket, a severe inflammatory infiltrate in response to the
biofilm, and bone resorbtion.

ducts and interact with naïve T helper cells (Th0), driving
their differentiation into several subsets, such as Th1,
Th2, Th17, and Treg. These subsets are characterized
[18]
according to the cytokines they produce . For a long
time, periodontitis lesions were conceptually defined
based on a Th1/Th2 paradigm, with inconclusive
studies pointing to both Th1 and Th2 responses as
[23]
characterizing disease progression . More recently,
the Th17 subset has been implicated in periodontitis
pathogenesis, mainly due to its involvement as the
specialized lymphocyte linking T-cell activation to
[24]
bone resorption . In a non-human primate model
[25]
of periodontitis, Ebersole et al
have shown an
overexpression of the Th17/Treg responses (IL-1β,
IL-6, TGF-β, and IL-21) in disease initiation, followed
by a persistence of the Th17 response in periodontitis
progression.
In conjunction with infiltrating inflammatory
cells, gingival fibroblasts take part in the inflamma
tory process in the periodontium and contribute to
[18]
the disease persistence . These cells are able to
produce cytokines, chemokines and matrix metallo
[26-28]
[26]
proteinases
. Baek et al
have found that gingival
fibroblasts from periodontitis patients expressed
higher mRNA of IL-1β, IL-6 and TIMP-3, and lower
mRNA of IL-4, than fibroblasts from healthy patients.
Periodontal ligament fibroblasts also participate in
the inflammatory response and play an important
[29]
role in alveolar bone remodelling . When in cellcell contact with osteoclast precursors, periodontal
ligament fibroblasts up-regulated osteoclastogenesis-
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related genes and significantly increased the number
[30]
of osteoclast-like cells .
As a consequence of the unresolved inflammation
and an increased concentration of inflammatory me
diators, tissue destruction occurs. Matrix metallopro
teinases (MMPs) are proteolytic enzymes involved in
the homeostasis of connective tissue and the balance
between MMPs and their endogenous inhibitors (tissue
inhibitor of matrix metalloproteinases - TIMPs) controls
[18,31]
the MMP activity
. MMPs play an important role
in tissue degradation observed in periodontitis and
there is strong evidence of their increased activity in
[32,33]
periodontitis
, as well as of an imbalance between
[34]
MMPs and TIMPs .
Regarding bone loss, the main system regulating
normal bone resorption and deposition activities
that occur during bone remodelling is RANK/RANKL/
OPG. RANKL (receptor-activator of nuclear factor-κB
ligand) is expressed by several cell types and binds
to RANK on osteoclast precursors, causing them to
differentiate into active cells that secrete enzymes
that degrade bone. OPG (osteoprotegerin) is a soluble
decoy receptor of RANKL that prevents the RANK[17]
RANKL interaction . In periodontitis, higher levels of
RANKL and lower levels of OPG have been detected in
[35,36]
gingival crevicular fluid
. Several cytokines, such
as IL-1β, TNF-α, IL-6, and IL-17, have the ability to
stimulate bone resorption, whereas others, such as
[37]
IL-4, IL-10 and TGF-β, act as inhibitors . Therefore,
the inflammatory periodontal milieu, which is rich in
pro-resorptive cytokines, can directly affect bone loss
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Table 1 Summary of the main epidemiological studies assessing the relationship between inflammatory bowel disease and
periodontitis
Ref.
Flemmig et al[74] 1991

Grossner-Schreiber
et al[42] 2006
Brito et al[4] 2008
Habashneh et al[5] 2012

Vavricka et al[75] 2013

Koutsochristou et al[76]
2015

Methods

Principal findings

107 IBD patients (46 with CD and 61 with UC). Periodontal
examination was carried out at two sites of all teeth in two
quadrants. There was no control group and results were
compared with the assessment of Oral Health of United States
Adults
62 patients with IBD (46 with CD and 16 with UC) and 59
healthy controls. Periodontal examination was performed in two
quadrants
179 patients with IBD (99 with CD and 80 with UC) and 74
controls. Full-mouth periodontal examination was performed
160 patients with IBD (59 with CD and 101 with UC) and 100
control patients. Full-mouth periodontal examination was
performed
113 patients with IBD (69 with CD and 44 with UC) and 113
controls

IBD patients presented an 11.9% higher prevalence, but
lower severity

IBD patients had more sites with attachment loss of at least
4 and 5 mm, although periodontal disease was not clearly
different from the control group
CD and UC patients had higher prevalence of periodontitis
than controls, but smoking was an effect modifier
Patients with IBD have higher prevalence, severity and
extent of periodontitis compared with those having no IBD

Gingivitis and periodontitis markers were higher in patients
with IBD than in healthy control. No clear association was
found between IBD clinical activity and periodontitis
55 children and adolescents with IBD and 55 controls.
More clinical signs of gingival inflammation and increased
Community periodontal treatment needs indices were evaluated periodontal treatment needs were observed in children and
adolescents with IBD

CD: Crohn’s disease; UC: Ulcerative colitis; IBD: Inflammatory bowel disease.

[17]

by increasing RANKL/OPG ratio

.

assessing the association between periodontitis and
IBD is presented in Table 1.
The reasons why IBD patients presented poorer
periodontal health have not been comprehensively
investigated. Since both diseases share pathogenic
similarities and their development is related to an
aberrant immune response to a dysbiotic microbiota,
disturbances of these factors are proposed as the
mechanisms responsible for the interaction between
the diseases.

IMPACT OF IBD ON PERIODONTAL
DISEASE
The clinical presentation of IBD is characterized by the
co-existence of extra-intestinal manifestations, which
may affect eyes, joints, skin, liver, pancreas, blood,
[7]
and mouth . These extra-intestinal manifestations
may precede or follow the intestinal symptoms by
[38]
years . Oral manifestations of CD were first described
[39]
in 1969 , and can include pyostomatis vegetans,
gingival hyperplasia, papillomatosis of the oral mucosa,
vesicular eruptions such as in pemphigus vegetans,
[4,40]
periodontitis, and caries
. Also, oral and gingival
mucosa may be affected by hypertrophy and swelling
of lips, cobblestone appearance of the oral mucosa
and palate, presence of vesicles, erosions, ulcers,
aphthous-like ulcerations, polypoid lesions, and areas
[38,41]
of necrosis
.
Some epidemiological studies have been performed
to investigate a possible increase in the prevalence of
periodontal disease in patients with IBD. These studies
have presented conflicting results. Grössner-Schreiber
[42]
et al
have shown that periodontal status was not
significantly distinct from the control group, suggesting
the IBD did not appear to enhance the susceptibility to
periodontal disease. However, only partial periodontal
examinations were performed in that study. Other
studies using full-mouth periodontal examination
have found an increased prevalence of periodontal
[4,5]
disease , as well as higher severity and extent of
[5]
periodontitis, in IBD patients . These changes seemed
[4,5]
to be more pronounced in UC than in CD patients .
A summary of the main epidemiological studies
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Microbiological impact

An important topic that has been evaluated as a
possible factor responsible for the altered susceptibility
to periodontal disease in IBD patients is the oral
[43]
microbiota. Van Dyke et al
have assessed the
periodontal microflora of patients with IBD and found
a microflora composed predominantly of small, motile,
Gram-negative rods that were most consistent with
the genus Wolinella. Another study has reported
decreased overall diversity of the oral microbiota in
pediatric patients with CD, but not in patients with
[44]
[45]
UC . Said et al
have found a significant difference
in salivary microbiota composition in patients with IBD.
The authors also observed a significant increase of
the genus Prevotella in the salivary microbiota of IBD
patients. In mouse models of colitis, changes were
seen in the microbiota of the tongue, buccal mucosa
and saliva. Also, the microbial community in saliva
was more sensitive to change than that in tongue and
[46]
buccal mucosa .
Our group has analysed the subgingival microbiota
in patients with untreated periodontal disease and IBD.
We found that several species, such as Campylobacter
gracilis and Treponema denticola differed between
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[46]

patients with CD, UC and controls in inflamed sites
irrespective of the degree of periodontal destruction,
and these differences were more pronounced in
CD patients. These species might be harmful for
[47]
[48]
the microbe-host interaction . Kelsen et al , in
a cohort of pediatric patients with CD, have shown
that Capnocytophaga, Rothia, and TM7 were more
abundant in CD relative to healthy controls. The
importance of these alterations to the pathogenesis of
periodontal disease needs further evaluation.

ents . It seems that the salivary inflammatory state
[46]
tended to be slightly higher in UC than in CD group .
It is noteworthy that these studies have not always
assessed the presence of periodontal disease, which
could have entailed a strong confounding effect on the
results, since periodontal disease could alter the level
[53]
of biomarkers in saliva . Though it is tempting to
speculate that these salivary changes might account
for the increased prevalence of periodontitis in IBD
patients, how these alterations might affect the
development and/or progression of periodontal disease
still needs further investigation.
Interestingly, it has also been reported that buccal
epithelial cells from pediatric patients with CD without
oral lesions released increased amounts of chemokines
(CXCL-8, CXCL-9, and CXCL-10) when compared
to epithelial cells from healthy controls, children
with UC and adults with CD. Adults with CD did not
exhibit increased chemokine production. In addition,
stimulation with lipopolysaccharide or zymosan resulted
in increased chemokine production by epithelial cells
[54]
from pediatric patients with CD .
Neutrophil behaviour, which plays an important
role in the pathogenesis of periodontitis, has also
been investigated in patients with IBD. Lamster et
[55]
al
have shown that peripheral neutrophils from
patients with active IBD displayed greater metabolic
activity than neutrophils from patients with inactive
IBD, which presented greater metabolic activity than
neutrophils from patients without systemic disease. On
the other hand, salivary neutrophils from IBD patients
displayed an average of 45% less activity than salivary
neutrophils from patients without systemic disease.
The authors speculated that this might relate to a prior
activation of peripheral neutrophils in the circulation of
IBD patients. This activation in peripheral blood may
compromise the ability of the neutrophils to respond
to what becomes a second challenge. Van Dyke
[43]
et al
have revealed a serum-mediated defect in
neutrophil chemotaxis in IBD patients with periodontal
disease, although neutrophil phagocytosis was normal.
Interestingly, in this study, the levels of PGE2 in
gingival fluid from IBD patients were four times higher
[43]
than the levels of the control group .
The impact of single nucleotide polymorphisms on
periodontal status in patients with CD has also been
[56]
a matter of investigation. Stein et al
have found
a decreased frequency of Prevotella intermedia in
carriers of CARD15 mutations compared to the wild
type, although the clinical periodontal parameters did
not differ significantly between them. On the other
[57]
hand, Schulz et al
have shown that CD patients
carrying the A allele (cDNA-238G>A) or GA haplotype
(cDNA-308G>A/cDNA-238G>A) of the TNF-α
polymorphisms presented worse clinical periodontal
symptoms: increased bleeding on probing, probing
depth, and clinical attachment level.
It is interesting to note that in a mouse model

Immunological impact

The immune-inflammatory response is the main
factor driving the tissue damage observed in IBD and
periodontitis. Therefore, it is reasonable to assume
that the inflammatory response could be the leading
factor for posing an increased risk for periodontitis in
the IBD population.
Our group investigated the expression of IL-1β,
IL-4, IL-6, IL-10, IL-12p40, IL-12p70, IL-18, and INF-γ
in gingival crevicular fluid and serum from patients
with untreated periodontitis and IBD. We found
a significantly decreased level of IL-4 in inflamed
sites without tissue destruction from UC patients in
comparison with controls. However, for the other
cytokines analysed, the expression in gingival fluid
was similar in all groups. In serum, IL-18 showed
significantly higher levels in CD and UC patients when
[10]
compared with controls . Similarly to the gingival
fluid results, we found that there were no significant
differences in the expression of an array of cytokines
(IL-1β, IL-4, IL-6, IL-10, IL-21, IL-22, IL-23, IL-25,
IL-31, IL-33, IL-17A, IL-17F, IFN-γ, sCD40L, and
TNF-α) between CD and UC when assessing the
[11]
gingival tissue of these patients . Unpublished data
from our group suggests that IBD activity probably
increases the inflammatory response in the gingival
tissue of IBD patients with periodontitis, as evidenced
by significantly higher levels of IL-4, IL-10 and IL-21
and a tendency towards higher levels of IL-1β.
Some investigations have focused on the salivary
alterations in patients with IBD. Increased levels of
pro-inflammatory cytokines have been found in IBD
[49,50]
patients, especially those with active disease
.
[51]
Aleksandra Nielsen et al
have reported increased
salivary levels of IL-6 in patients with CD and not
in patients with UC, but only seven patients were
[49]
analysed in the UC group. Szczeklik et al
have
found higher salivary levels of IL-1β, IL-6, and TNF-α
in patients with active CD than in patients with inactive
disease and in controls. Interestingly, CD patients also
presented significant reductions in total antioxidant
capacity, and increased TGF-β(1), nitric oxide, and lipid
[50]
peroxidation ; UC patients presented higher TGF-β(1)
and nitric oxide levels in comparison to the control
[52]
group .
Decreased lysozyme and increased IgA and LL37
in saliva have also been reported in CD and UC pati
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of progressive CD-like ileitis (SAMP1/YitFc), the
occurrence of spontaneous periodontal disease was
[58]
observed in the absence of any exogenous stimuli .
The authors have observed similar alveolar bone
resorption on both sides of the mouth, suggesting
a systemic phenomenon. Thus, they concluded that
periodontal disease and IBD likely share similar
aetiopathogenic features and multiple pathogenic
[58]
[59]
mechanisms . Previously, Oz et al
had shown that
the oral administration of the low dose DSS (dextran
sulphate sodium) induced alveolar bone loss and
chronic colitis, as evidenced by severe shrinkage of
the colonic tissue and infiltration of inflammatory cells
into the colonic tissue. The authors pointed out that
this model elicits chronic inflammatory responses in
the gut and oral cavity that mimic aspects of IBD and
periodontal disease progression in patients.
[60]
Furthermore, Park et al
have used a T-cell
High
transfer model of IBD, using CD4+CD45RB
T cells,
to assess the alveolar bone metabolism. It was found
that this T cell subset was sufficient for the induction
of alveolar bone resorption. It was also reported that
alveolar bone marrow stromal cells showed decreased
osteogenic and increased adipogenic potential. The
authors suggested that diseases such as IBD, through
the induction of generalized inflammation, could
potentially contribute to alveolar bone resorption. More
studies are certainly warranted to further investigate
these aspects.
When assessing the possible association between
periodontitis and IBD, we have to consider that altered
bone metabolism is frequent in IBD patients, where
excessive bone loss is a common finding. The exact
mechanisms for this are only partially understood,
but it has been speculated that corticosteroid therapy,
calcium and vitamin D deficiency, hypogonadism,
malnutrition, smoking, alcohol consumption, and
[61]
reduced physical activity are all contributory factors .
Also, systemic inflammatory activity is an important
factor for the development of osteoporosis in IBD
[62]
patients . These factors could somehow take part
in the association between IBD and periodontitis,
contributing to the increased alveolar bone loss seen in
this group of patients. Our previous study found that
IBD patients taking immunosuppressive drugs had
significantly lower concentrations of IL-4 and IFN-γ in
[10]
the gingival fluid when compared with controls .

phase response in the liver, and contribute to several
[63]
processes, such as an atherosclerotic process .
Also, as large quantities of oral bacteria are con
stantly swallowed via the saliva into the gut, it has
been proposed that swallowed P. gingivalis may cause
alterations to the gut microbiota, thereby leading to
increased gut epithelial permeability and endotoxemia,
[63]
which causes systemic inflammation . Arimatsu et
[64]
al
have used a mouse model to evaluate whether
endotoxemia is responsible for inflammation in several
organs and tissues. Oral administration of P. gingivalis,
a proposed periodontopathogen, induced changes of
bacterial composition of the gut microbiota along with
alterations of gut epithelial cell barrier function. Insulin
resistance and change of gene expression in adipose
tissue and liver were also observed. Interestingly,
P. gingivalis was not detected in the gut. Thus, the
mechanisms responsible for the changes in gut
microbiota remain to be established.
The effects of a single administration of P. gingivalis
on the gut microbiota, gut barrier function, and influx
of gut bacteria into the liver were investigated in a
mouse model. This single administration had a great
impact on the gut microbiota, as evidenced by an
increased proportion of the phylum Bacteroidetes
and a decreased proportion of the phylum Firmicutes.
In addition, the administration of P. gingivalis
downregulated the expression of the tight junction
protein 1 (tjp-1) and occluding (ocln) in the small
intestine, in parallel with an influx of bacteria into
the liver. IL-6 expression was significantly elevated
and Rorγt expression was significantly decreased in
the small intestine, whereas TNF-α expression was
[65]
significantly increased in the large intestine . Another
study by the same group, using a ligature-induced
periodontitis model, has shown that the ligature
placement induced qualitative but not quantitative
changes in the gut microbiota, together with trends
toward lower expression of tjp1 and ocln in the small
[66]
intestine and of ocln in the large intestine .
[67]
Recently, Blasco-Baque et al
set up a mouse
model of periodontitis by infecting the periodontal
tissue with P. gingivalis, F. nucleatum and P.
intermedia. The mice were fed with either a normal
chow diet or a diabetogenic, high-fat, carbohydratefree diet and were then assessed for periodontal and
gut microbiota changes. The authors have found
that in mice fed a normal chow diet, periodontitis
was associated with modest changes of the gut
microbiota which included increased members of
the Actinobacteria and Deltaproteobacteria groups.
Similarly, in mice fed a high-fat, carbohydrate-free
diet, subtle changes of gut microbiota were also
observed.
Another study has postulated that salivary
microbiota can affect the development of gut microbiota
to some extent, since saliva always flows into the
gastrointestinal tract, and thus, salivary bacteria have
[46]
many opportunities to reach the intestine . In a

IMPACT OF PERIODONTAL DISEASE ON
IBD
Periodontitis has been associated with other chronic
inflammatory diseases for over 20 years. The
inflammation evoked by periodontitis could result
in low-grade systemic inflammation and thus it is
plausible to speculate that periodontitis might influence
IBD. Locally produced pro-inflammatory cytokines
might enter the systemic circulation, induce an acute-
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Figure 2 Model of pathogenesis of both periodontal disease and inflammatory bowel disease. This involves a complex interplay between the immune-inflammatory
response and a dysbiotic microbiota under the influence of genetic and environmental factors, where the diseases might have a cyclic impact on each other.

study performed to assess the metatranscriptome
and metagenome of the human gut microbiota, it was
found that oral species, derived from saliva samples,
were detectable in the gut at the DNA level, although
[68]
they showed minimal transcriptional activity there .
Interestingly, it was reported that in patients with liver
cirrhosis, most of the patient-enriched species in the
gut microbiome are of oral origin, suggesting that oral
[69]
bacterial species could invade the gut .
Our study that evaluated the subgingival microbiota
found that IBD patients harbour higher levels of bacteria
that are related to opportunistic infections, such as S.
[47]
aureus and S. anginosus . As shown by Van Dyke et
[43]
al , the Wolinella isolates, the predominant genus in
periodontal microflora of IBD patients, had a profound
effect on neutrophil chemotaxis in vitro, suggesting
that this oral pathogen could play a role in IBD as an
infectious agent or as a host response modifier. The
impact of these disturbances on IBD remains unknown.
In a study performed to assess the effects of probio
tic supplementation on ligature-induced periodontitis
[70]
and intestinal morphology in rats, Messora et al have
found that the animals with ligature-induced periodontitis
showed alteration in the intestinal structure, such as
defects of the villi, epithelial stratification, basal lamina
degeneration, and neutrophil infiltration in the small
intestine. Also, ligature-induced periodontitis seemed to
have shortened and damaged the villi of the jejunum.
Probiotic supplementation attenuated these alterations.
Another study by the same group has also shown that
ligature-induced periodontitis altered villous height and
[71]
[58]
crypt depth in the small intestine . Pietropaoli et al ,
in a mouse model of progressive CD-like ileitis (SAMP1/
YitFc), have found evidence of a correlation between the
severity of periodontal disease and the severity of ileal
scores, and this correlation was independent of age.
null
Furthermore, it was shown, in ApoE mice, that oral
infection with P. gingivalis, T. denticola and T. forsythia
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impaired the BH4/nNOS/NRF2 pathway in proximal,
mid- and distal colon. These results raised the possibility
that oral bacteria associated with periodontitis might
[72]
contribute to colonic motility dysfunctions .
A recent study was performed in order to assess
the global transcriptome of periodontitis, as well as its
association with cardiovascular disease, rheumatoid
arthritis and UC, using gingival biopsies. Processes
related to immune responses, cell motion, cell death,
and homeostasis were up-regulated in all the diseases,
but only one gene, pleckstrin (PLEK), was commonly
up-regulated in all four diseases, suggesting that it
could be a key link between periodontitis and these
inflammatory diseases. MMP7 and B-cell lymphoma
2-related protein A1 (BCL2A1) were also up-regulated
[73]
across periodontitis and UC .
Taken all together, the studies cited herein show
that a model of the interaction of the pathogenesis
of periodontitis and inflammatory bowel disease
involves a complex interplay between the immuneinflammatory response and the dysbiotic microbiota,
under the influence of environmental and genetic
factors. We also suggest that there is an interplay
between both diseases, where the diseases might
have a cyclic impact on each other, which can be seen
in Figure 2.

CONCLUSION
This review points to a complex pathogenic interaction
between periodontal disease and IBD, in which one
disease might alter the composition of the microbiota
and increase the inflammatory response related to the
other. However, we still need more data derived from
human studies to confirm these preliminary results
from murine models. Thus, mechanistic studies are
definitely warranted to clarify the possible bidirectional
association between periodontitis and IBD.
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Abstract
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Portal biliopathy refers to cholangiographic abnormalities
which occur in patients with portal cavernoma. These
changes occur as a result of pressure on bile ducts
from bridging tortuous paracholedochal, epicholedochal
and cholecystic veins. Bile duct ischemia may occur
due prolonged venous pressure effect or result from
insufficient blood supply. In addition, encasement
of ducts may occur due fibrotic cavernoma. Majority
of patients are asymptomatic. Portal biliopathy is a
progressive disease and patients who have long standing
disease and more severe bile duct abnormalities present
with recurrent episodes of biliary pain, cholangitis and
cholestasis. Serum chemistry, ultrasound with color
Doppler imaging, magnetic resonance imaging with
magnetic resonance cholangiopancreatography and
magnetic resonance portovenography are modalities of
choice for evaluation of portal biliopathy. Endoscopic
retrograde cholangiography being an invasive procedure
is indicated for endotherapy only. Management of
portal biliopathy is done in a stepwise manner. First,
endotherapy is done for dilation of biliary strictures,
placement of biliary stents to facilitate drainage and
removal of bile duct calculi. Next portal venous pressure
is reduced by formation of surgical porto-systemic shunt
or transjugular intrahepatic portosystemic shunt. This
causes significant resolution of biliary changes. Patients
who persist with biliary symptoms and bile duct changes
may benefit from surgical biliary drainage procedures
(hepaticojejunostomy or choledechoduodenostomy).
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portal venous obstruction (EHPVO). From December
[3]
1989 to November 1991, we prospectively studied
21 consecutive such patients for evidence of biliary
tract disease. Cholangiographic abnormalities were
detected in 17 (80.9%) patients. Three adult patients
had clinically manifest biliary disease. The pathogenesis
of these changes and their relationship with portal
cavernoma was critically evaluated. Another study
reported on bile duct changes in 20 patients with
[6]
[7]
portal cavernoma . Sarin et al observed similar
changes in 80% patients with EHPVO. Since then,
several investigators have reported on case series
[8-22]
of patients with portal biliopathy (Table 1)
. Portal
biliopathy has been described by a multitude of names
[6]
in literature. Dilawari and Chawla described these
cholangiographic abnormalities as “pseudosclersoing
[8]
cholangitis”. Bayraktar described these abnormalities
resembling “pseudocholangiocarcinoma sign”. Dhiman
[16]
et al
named it portal hypertensive biliopathy,
while others have used terms extrahepatic portal
[23]
[24]
biliopathy , vascular biliopathy , portal ductopathy,
[25]
portal cholangiopathy
and portal cavernoma
[1]
cholangiopathy to describe this entity. However,
authors believe that portal biliopathy suggested by Sarin
[7]
et al is appropriate term to reflect the cholangiographic
abnormalities in this entity.

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

Core tip: Extrahepatic portal vein obstruction is often
encountered in children in India. It is caused by
long standing thrombosis of portal vein and leads
to cavernous transformation of the bridging venous
collaterals. Cholangiographic abnormalities occur in
majority of such patients, however, the entity stays
asymptomatic in early stages. Biliopathy is a progressive
disease and patients surviving to adulthood develop
more severe biliary abnormalities and present with
clinical disease. Now, portal biliopathy is an important
clinical entity faced by hepatologists in India. Since the
disease was described in early 90’s, there have been
important developments in definition, pathogenesis,
diagnostic modalities and therapeutic interventions of
portal biliopathy.
Khuroo MS, Rather AA, Khuroo NS, Khuroo MS. Portal
biliopathy. World J Gastroenterol 2016; 22(35): 7973-7982
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i35/7973.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i35.7973

BILIARY ANATOMY
Biliary tract has intrahepatic and extrahepatic com
ponents. The anatomy of the intrahepatic bile duct
follows that of the portal system and segmentation of
the liver. The Couinaud classification divides liver in to
eight (Ⅰ to Ⅷ) segments. Right liver lobe, consisting
of segments Ⅴ , Ⅵ , Ⅶ and Ⅷ is drained by the
right hepatic duct. The left hepatic lobe consisting of
Segments Ⅱ, Ⅲ and Ⅳ is drained by left hepatic duct.
Caudate lobe (segment 1) receives small ducts from
right and left lobes. The right and left hepatic ducts
join in the hilum to form common hepatic duct, which
continues as common bile duct from the point cystic
duct joins it laterally. Common bile duct is 6.0-8.0 cm
long and has four segments namely supraduodenal,
[26,27]
retroduodenal, retropancreatic and intraduodenal
.
Biliary tree including ampulla of Vater receive
[27]
blood supply from branches of the coeliac trunk .
The common bile duct is palisaded by 3 o’clock
(left) and 9 o’clock (right) marginal arteries, which
derive blood supply from right hepatic artery, left
hepatic artery, cystic artery and posterior superior
pancreaticoduodenal artery. The marginal arteries
through intricate network of vessels form two plexuses,
one around the bile duct (paracholedochal plexus) and
another on the surface of bile duct (epicholedochal
plexus). Several branches perforate the bile duct wall
(intramural plexus) and reach under the bile duct
epithelium (subepithelial plexus). The marginal arteries
intercommunicate at hilum forming hilar plexus. The

INTRODUCTION
Portal biliopathy refers to cholangiographic abnormalities
[1-3]
which occur in patients with portal cavernoma
.
Biliary abnormalities do occur in patients with cirrhosis
and idiopathic portal hypertension. These are prima
rily in the intrahepatic bile ducts and are caused by
hepatic nodularity and fibrosis rather than portal
[4]
cavernoma . Some investigators have suggested that
such cholangiographic abnormalities should also be
defined as portal biliopathy. However, there is a general
consensus that portal biliopathy should be restricted to
those cholangiographic abnormalities which are caused
by portal cavernoma. Other biliary diseases which may
superficially resemble portal biliopathy and need to be
excluded include choledocholithiasis, primary sclerosing
cholangitis, biliary parasitosis, AIDS cholangiopathy,
oriental-cholangio-hepatitis and cholangiocarcinoma
[1]
etc. .

Historical background

Portal biliopathy as a clinical entity was established
by 3 reports published in early 90’s. In 1989, we
were confronted with biliary disease in two patients
[5]
of portal cavernoma . Both patients exsanguinated
and died at elective gall bladder surgery. We searched
the literature around that time and could not find welldocumented reports of biliary disease with extrahepatic
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Table 1 Reported studies of portal biliopathy
Ref.

Year of
publication

City Country

Number of
patients

Age (mean)

Male: Female

Biliary
changes

Symptomatic
disease

1993
1992
1992
1995
1999
2000
2003
2003
2005
2006
2006
2007
2007
2009
2011
2011
2012
2014

Kashmir India
Chandigarh India
Delhi India
Ankara Turkey
Mumbai India
Chandigarh India
Paris France
Mersin Turkey
Lucknow India
Tunis Tunisia
Nice Cedex 3 France
Chandigarh India
Villejuif France
Birmingham UK
Barcelona Spain
New Delhi India
Bogota Columbia
DF Mexico

21
20
20
44
20
43
25
36
13
17
10
53
64
13
67
39
18
4

14.0
22.0
31.5
23.0
49.5
24.5
47.0
29.6
-

13:8
16:4
16:4
24:20
12:08
25:18
15:1

81%
100%
90%
94%
85%
100%
84%
94%
100%
100%
90%
100%
100%
100%
78%
100%
100%
100%

38%
5%
15%
30%
10%
19%
28%
10%
100%
82%
40%
24.5%
30%
100%
21%
100%
100%
100%

Khuroo et al[3]
Dilawari et al[6]
Sarin et al[7]
Bayraktar et al[8]
Malkan et al[9]
Nagi et al[10]
Condat et al[11]
Sezgin et al[12]
Khare et al[13]
Belhadjbrik et al[14]
Chevallier et al[15]
Dhiman et al[16]
Vibert et al[17]
Oo et al[18]
Llop et al[19]
Agarwal et al[20]
Aguirre et al[21]
Aguilar-Olivas et al[22]

C

C
C

GDV

SV
S

PSPDV
PSC

Figure 1 Splenoportovenography in a patient with extrahepatic portal
venous obstruction and portal cavernoma. Contrast within splenic pulp
(S) is drained by multiple splenic vein channels (SV) into large peripancreatic
collaterals (C). There are two broad parallel conglomerate of veins in the porta
hepatis (arrows) formed by right and left paracholedochal collaterals [PCDC
(R) and PCDC (L) respectively], forming the portal cavernoma. Main portal vein
is not seen (thrombosed). Retrograde filling of perisplenic collaterals (PSC),
gastroduodenal vein (GDV) and posterior-superior pancreaticoduodenal vein
(PSPDV) is seen.

right and left hepatic arteries are connected with each
other by communicating arcade. The intrahepatic bile
ducts are accompanied by corresponding arteries and
form peribiliary plexus. These arteries communicate
with venules through arterioportal channels.
The venous drainage of bile duct is accomplished
by epicholedochal venous plexus of Saint and paracho
ledochal plexus of Petren. Theses drain in to 3 o’clock
and 9 o’clock marginal veins. An additional 6 o’clock
marginal vein may be present posterior to bile duct. The
marginal veins drain in to gastric veins, posterior superior
[26]
pancreaticoduodenal vein and gastrocolic trunk .

PORTAL CAVERNOMA
Portal cavernoma is formed by serpiginous, tortuous

WJG|www.wjgnet.com

36:17

41:26
27:11

and dilated 3 o’clock and 9 o’clock marginal veins and
venous of plexus of Petren, that bridge thrombosed
portal vein. The portal vein, following thrombosis
may be atretic or re-canalized. In addition, the epi
choledochal plexus of Saint on the surface of bile
ducts and cholecystic veins surrounding and within
gallbladder wall also dilate and become tortuous (Figure
[28]
1) . Portal cavernoma formation may take from
a week to a year. Over time, the portal cavernoma
may turn in to a “solid tumor-like cavernoma” com
promising of fibrous hilar mass containing multiple
[1,3]
collateral veins .
Portal cavernoma in developing countries occurs
in children and results from portal vein thrombosis
secondary to neonatal umbilical sepsis and dehydration.
In adults, portal vein thrombosis with resultant portal
cavernoma is caused by a number of conditions
including hypercoagulable states, myeloproliferative
disorders, Bechet’s syndrome, pancreatitis and pyleph
lebitis. No underlying cause is detectable in around 30%
patients. Portal cavernoma formation is rare in portal
vein thrombosis with underlying cirrhosis and portal
hypertension, as stasis in portal venous system in such
patients prevents formation of collaterals.
The diagnosis of portal cavernoma is easily made at
[29]
grey scale and color Doppler sonography . Portal vein
is not visualized or may be atretic or recanalized. Liver
hilum reveals multiple dilated serpiginous channels.
Flow pattern within the tortuous channels on color
and duplex Doppler show portal venous type of flow
with absent respiratory or cardiac variation. Patients
with solid tumor cavernoma depict an echogenic
irregular mass of varying size with dilated tortuous
channels passing through the mass. Hepatic arteries
demonstrate increased flow to compensate for reduced
portal flow. Multiphase computed tomography (CT) and
magnetic resonance imaging (MRI) reveal thrombosed
portal vein which may be atretic or recanalized with

PCDC (L)

PCDC (R)

9:4
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dilated tortuous channels, enhancing during portal
venous phase and not during arterial phase. This helps
to exclude arteriovenous malformation. In solid tumor
cavernoma, CT and MRI show an echogenic mass with
numerous venous channels. In some patients, linear
areas of calcification within the previously thrombosed
portal vein may be seen, indicating chronic venous
thrombosis.

of gallbladder due to collateral in the gallbladder
wall; and (4) decreased bile flow due to liver atrophy,
[33]
resulting from reduced portal venous flow .

CLINICAL DISEASE
Majority of patients with portal biliopathy have no biliary
symptoms (asymptomatic stage). Such patients have
early cholangiographic abnormalities which include
duct irregularity; serration, undulation, scalloping of
the duct wall; and smooth extrinsic nodular, spiral or
stenotic impressions on the ducts and filling defects in
the bile and hepatic ducts. This asymptomatic phase of
portal biliopathy may last for years and patients develop
clinical biliary disease only if they survive to adulthood.
Patients with clinical disease are older and have longer
duration of portal hypertension. There is sparse data
on the other factors like extent of thrombosis and
the presence of portosystemic shunts affecting the
occurrence of symptomatic biliopathy. During the
asymptomatic phase, patients often show elevated
serum alkaline phosphatase, the significance of which
vis-à-vis biliary disease is difficult to interpret in children.
The first detectable clinical disease starts with isolated
[34]
elevated serum bilirubin and/or detectable icterus .
The occurrence of jaundice usually points to presence
of slow onset subtle biliary obstruction or hemolysis
related to large spleen and is often detected incidentally
while evaluating the patients for other symptoms of
portal hypertension. Patients with symptomatic biliary
disease have advanced cholangiographic abnormalities
which include ectasia of the ducts; angulation, dis
placement and strictures of the bile and hepatic ducts
and aneurysmal dilatation of the intrahepatic biliary
tree. The patients present with episodes of biliary
pain or cholangitis and/or biliary obstruction. Biliary
pain may be related to gallstones or bile duct stones
or to cholangitis. Biliary obstruction presents with
[34-37]
cholestasis with or without episodes of cholangitis
.
There is considerable variation in clinical presentation
of biliary obstruction. However, most of patients have
recurrent and progressive disease and often need to
[34,38]
be hospitalized repeatedly to control symptoms
.
Portal biliopathy late in the clinical course cause marked
bile duct abnormalities which include long (> 2 cm)
or multifocal strictures, strictures associated with
choledochal or intrahepatic calculi and biliopancreatic
complications. Therapeutic options in such patients are
limited due extensive venous thrombosis and advanced
liver disease.

PATHOGENESIS
The pathogenesis of cholangiographic abnormalities
[3]
in EHPVO and portal cavernoma are multifactorial .
Broadly the cholangiographic abnormalities have
reversible and fixed component (Figure 2). Reversible
component includes those changes which are likely to
resolve following portal venous decompression [shunt
surgery or transjugular intrahepatic portosystemic
shunt (TIPS)]. These include shallow bile duct im
pressions and indentations causing wall irregularity,
smooth strictures with upstream dilatation and luminal
filling defects. These changes are as a result of
dilatation of veins of the plexus of Saint, causing bile
duct impingement. Bile duct strictures with upstream
dilatation may be as a result of compression by
[30,31]
dilated tortuous collaterals
. In addition, bile duct
filling defects occur due to dilatation of perforators
and subepithelial veins in the ducts. This hypothesis
is based on findings at MRCP and MR portography
which demonstrate signal void-defects of dilated veins
[32]
around the bile duct lumen . Rarely, bile duct wall
shows localized thickening and luminal narrowing as a
result of dilated tortuous choledochal vessels. Further
shunt surgery or TIPS results in partial or complete
resolution of cholangiographic abnormalities. In some
cases, these changes of biliopathy may persist after
portal decompression. This is related to persistence
of portosystemic collaterals and does not necessarily
imply ischemia as a cause of bile duct changes. Left
hepatic duct is involved more often and shows more
severe changes as umbilical vein enters left portal
vein, leading to formation of prominent collaterals.
Fixed component cholangiographic abnormalities
include those changes which do not regress after
portal decompression. These include rigid stricture,
angulation, and ductal ectasia. Rigid strictures are
usually due to ischemia, which occurs as the time of
portal vein thrombosis. As bile duct are supplied by
hepatic arteries, ischemic necrosis may result from
concomitant hepatic artery thrombosis. In addition,
portal vein thrombosis per se may cause bile duct
ischemia due to damage to the microvascular bile duct
flow. Strictures can also form as a result of prolonged
compression by dilated tortuous collaterals. Angulation
and rigid strictures result from encasement of bile
[1,3]
ducts by solid tumor-like cavernoma . Gallstones
formation results from several pathogenic mechanisms
which include: (1) bile stasis due to strictures; (2)
increased lithogenicity of bile; (3) reduced contractility
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NATURAL COURSE
Data on the natural course of biliopathy following
portal vein thrombosis and portal cavernoma are
[18,19,39]
scarce
. Only one study has reported on follow
up in 22 patients of portal vein thrombosis and 45
[19]
patients with established portal cavernoma . At
initial assessment, majority of patients in either group
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B

C

D

E

F

G

H

Figure 2 Endoscopic retrograde cholangiograms in 8 patients of portal biliopathy depicting spectrum of cholangiographic abnormalities of portal biliopathy.
A: Extrinsic impression on common bile duct (arrow); B: Ectasia of left hepatic duct (arrow) and caliber irregularity of common hepatic duct (curved arrow); C: Ectasia of
common hepatic duct (arrow) and caliber irregularity of common bile duct (curved arrow); D: Angulation (arrow) of common bile duct; E: Large smooth impression (arrow)
on common bile duct; F: Angulation common hepatic duct (curved arrow) and gross ectasia of intrahepatic ducts (arrow); G: Long smooth stricture of common bile duct
(arrow) with upstream dilatation (curved arrow); H: dilated bile ducts with multiple filling defects (arrow). Adapted and modified from Khuroo et al[3].

had developed evidence of biliopathy. Symptomatic
disease was limited to patients with severe biliary
abnormalities. Over a follow up period extending up to
4 years, disease was non-progressive. Authors believed
the disease to be a one-time event after acute portal
vein thrombosis. However, patients with symptomatic
biliopathy have established long-term disease extending
for over 8 to 14 years. This suggests that natural
course of portal biliopathy is progressive and long term
portal hypertension and significant biliary abnormalities
[1]
leading to symptomatic biliopathy .

In addition, hepatic parenchyma can be well seen on
ultrasound with associated portosystemic collaterals
and splenomegaly. However, ultrasound has limitation
in visualization of common bile duct especially in
retroduodenal segment and cannot differentiate
between extrinsic pressure from collaterals and ischemic
stricturing.

Computed tomography or magnetic resonance imaging

Contrast enhanced computed tomography (CECT) or
magnetic resonance imaging (MRI) have advantage
over ultrasound in delineating the anatomy of portal
venous system (portovenography), help to find cause
of portal venous thrombosis like pancreatitis and
[21]
exclude biliary malignancy . MRI is a better imaging
tool in this setting as it does not expose incumbent
to radiation and delineates better biliary anatomy.
MRI can differentiate epicholedochal collaterals, which
appear as signal void-defects from paracholedochal
collaterals which appear as low signal channels on
[41]
T2-weighted images . Typical biliary findings of
[15,42]
biliopathy are well seen on MR cholangiography
.
Hence MRI is the modality of choice for mapping of the
[43]
biliary and vascular abnormalities (Figure 4).

DIAGNOSIS
Ultrasonography

Ultrasound with color Doppler is an excellent imaging
[29]
modality in evaluation of portal cavernoma
(Figure
3). Gray scale and color Doppler imaging show atretic
or racanalized portal vein with a mass of multiple
serpentine channels, seen in the porta hepatis. These
[40]
collaterals demonstrate portal venous type flow .
An increased flow in hepatic artery may be seen,
representing a compensatory mechanism to the
reduced portal flow. Color Doppler has advantage of
showing varices around and in the wall of gallbladder.
Bile duct wall may show collaterals within the thickened
bile ducts. Ultrasound can detect bile duct dilatation
with associated cholelithiasis and choledocholithiasis.

WJG|www.wjgnet.com

Endoscopic ultrasound

Role of endoscopic ultrasound (EUS) in the diagnosis
[44-47]
of portal biliopathy is evolving
. Portal cavernoma
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A

B
CHD

C

Pericholedochal
coll

CHD

Stricture

D
GB

Stricture
Portal
cavernoma

Figure 3 Ultrasound with Doppler in a patient with extrahepatic portal venous obstruction and portal biliopathy. A: Gray scale image shows an echogenic
mass in hilum (portal cavernoma). Common hepatic duct (CHD) shows dilatation and luminal irregularity with a stricture at the level of the cavernoma; B: Color
Doppler image showed multiple pericholedochal collaterals around the strictured bile duct (arrow); C: Color Doppler image shows pericholedochal collaterals and
recanalized irregular portal vein; D: Power Doppler images of gall bladder. Gall bladder wall is thickened with multiple collaterals within the gall bladder wall.

T1

T2

Postgad

MRCP
IHD

CBD

GB

Figure 4 Magnetic resonance imaging with Magnetic retrograde cholangiogram in a patient with portal biliopathy. T1 weighted, T2 weighted and postgadolinium (postgad) images. Mass lesion (short arrow) is seen at the level of porta hepatis with dilated bile ducts (long arrow) and signal void (curved arrow),
depicting collateral channels compressing bile ducts, MRCP. Common bile duct (CBD) shows luminal irregularity. There is a localized irregular stricture in common
hepatic duct with upstream gross dilatation of intrahepatic ducts (IHD).

and its anatomy can be well defined. These collaterals
appear as multiple vascular channels in and/or
around the extrahepatic biliary tract. Paracholedochal,
epicholedochal, intracholedochal and subepithelial
[48]
varices can be well seen and differentiated .
Visualization of choledochal and subepithelial venous
plexuses is important as biliary endotherapy may
increase risk of hemobilia.

gold standard for defining the biliary changes of portal
biliopathy (Figure 2). In fact, ERC has been employed
to define bile duct changes, study their distribution in
the biliary tract and assess the severity and grading of
abnormalities. ERC is being replaced by ultrasound and
MRCP. ERC is invasive, has risk of complications and
cannot be employed on repeated occasions for follow
up examinations. In contrast ultrasound and MRCP are
non-invasive, give comparable images of biliary tract
and have advantages to further visualize portal venous
system.

Endoscopic retrograde cholangiography

Endoscopic retrograde cholangiography (ERC) is the
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Extrahepatic portal venous obstruction
portal cavernoma

Clinical, lab, ultrasound/doppler, MRI with MRCP and venography

Asymptomatic
normal bile ducts

Asymptomatic/mild disease
early bile ducts changes

No action, plan follow-up

Biliary pain, cholangitis, cholestasis

Biliary strictures

CBD calculi

ERCP, sphincterotomy
Use balloon and basket
clear bile duct

ERCP, balloon dilatation,
plastic stent
Regression of biliary changes
and clinical disease; plan follow up

Advanced endoscopic technique
Large balloon sphincterotomy,
cholangioscopy,
intraductal lithotripsy,
Laser etc.

Shunt/TIPS
Persistence of biliary changes
and clinical disease
plan biliary diversion

"Difficult to treat" calculi

Shunt not possible
Place metallic stent

Figure 5 Management algorithm in patients of extrahepatic portal venous obstruction and portal biliopathy. See text under “Management” for details. TIPS:
Transjugular intrahepatic portosystemic shunt.

Endotherapy

Cholangiographic abnormalities on ERC known to
occur in portal biliopathy include: (1) shallow extrinsic
impressions/indentations of the bile and hepatic ducts;
(2) deep extrinsic impressions/indentations of the bile
and hepatic ducts; (3) irregularity in ductal contour;
(4) strictures with upstream dilatation; (5) filling
defects which may be round, oval, or elongated and
are caused by stones, intra-luminal varices, or blood
clots; (6) bile duct angulation causing an angle of ≤
o
145 between lower and upper ductal alignment; and
(7) ectasia which cause dilated segment of biliary tree
without any evident downstream obstruction. The
cholangiographic abnormalities may occur in bile ducts
alone, hepatic ducts alone, bile ducts with unilateral
hepatic ducts and bile ducts bilateral hepatic ducts.

Treatment of symptomatic biliopathy can be approa
ched in a stepwise fashion. Initial treatment is aimed
at managing biliary strictures and stones. Next
portal decompression should be done to reverse
biliary abnormalities. Lastly biliary obstruction should
[17,22,49,50]
be relieved by biliary diversion at surgery
(Figure 5). Patients presenting with cholestasis and/or
cholangitis should be primarily managed by biliary
[2,51]
endotherapy
. Common bile stones are managed
[33]
by endoscopic sphincterotomy with stone extraction .
Patients with cholangitis or cholestasis need endoscopic
biliary drainage with plastic stents or nasobiliary
[52]
drainage . Biliary strictures can be treated by balloon
[53]
dilatation and stent placement .
Advanced biliary endoscopic procedures can be
employed in patients with difficult biliary calculi.
Such patients need large balloon sphincteroplasty,
cholangioscopy with intraductal lithotripsy using
laser and electrohydraulic probes. As of now, even
intractable biliary calculi in biliopathy are amenable
to endoscopic therapy. Many patients need repeated
plastic stents and is a problem for patients who come
from far flung regions and cannot reach tertiary
care centers regularly. Such patients are candidates
for placement of self-expanding metal stent (Figure
[54]
6) . Placement of metallic stents in a benign disease
may cause difficulty in retrieval of stents if needed
and intraoperative difficulty in case these patients
require surgical management for persistent biliary

MANAGEMENT
Asymptomatic patients

Asymptomatic patients with portal biliopathy do not
need any active treatment. Such patients have early
cholangiographic abnormalities. As these changes are
progressive in nature, it is worthwhile to have serial
assessment of type, extent and severity of these
changes on a long term follow up. Ultrasound with
color Doppler is ideal imaging tool to evaluate portal
cavernoma and biliary tract for strictures and stones.
Patients with mild abnormalities in liver tests without
clinical disease should be included in asymptomatic
disease and need no active intervention.
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A

B

C

IHD

TIPS

CBD

Figure 6 Endoscopic retrograde cholangiogram and metallic biliary
stenting in a patient with portal biliopathy. A: Long smooth stricture common
bile duct (arrow) with upstream dilatation of intrahepatic ducts (curved arrow);
B: A 12 Fr plastic stent (arrow) is placed across the stricture. Patient needed
repeated stent replacement in the follow up and was considered for shunt
surgery. Shunt surgery was not possible due unavailability of a shuntable portal
vein; C: Self-expanding nitinol biliary stent (arrow) placed across the stricture.
Patient stays asymptomatic over long-term follow up.

Figure 7 Transjugular intrahepatic porto-systemic shunt in a patient with
extrahepatic portal venous obstruction and portal biliopathy. Common
bile duct shows a long smooth stricture (CBD) with upstream dilatation of
intrahepatic ducts (IHD). Transjugular intrahepatic porto-systemic shunt (TIPS)
(arrows) was placed to decompress the portal venous circulation. Follow-up
showed significant improvement in cholangiographic appearances.

[18,55]

symptoms
. Endoscopic sphincterotomy along with
use of Dormia basket and balloon extraction of stones
[56]
in portal biliopathy has been shown to be safe .
Intraductal and subepithelial collaterals are risk factors
for hemobilia. Such varices can be demonstrated on
EUS and it may be worth doing this procedure once
biliary endotherapy is envisaged. Hemobilia, if occurs,
is usually mild and needs conservative treatment and
[55,57]
settles in most cases
.
Biliary surgery namely surgical removal of CBD
calculi or bilio-enteric anastomosis without prior portal
decompression carries higher mortality and should be
avoided. Laparoscopic cholecystectomy for gallstones
in two patients with pericholecystic collaterals and nonobstructive biliopathy has been performed safely with
[58]
careful operative strategy and diligent hemostasis .
The use of concomitant ursodeoxycholic acid (UDCA) is
recommended as it has been reported to be beneficial
[59]
by some authors .

reversal of cholangiographic abnormalities.
Even if the regression of cholangiographic changes
is incomplete, majority of the patients remain asympto
matic probably due to slowing-down of progression
of biliopathy after shunt. Around one third of patients
continue to have cholangiographic abnormalities and
may suffer from repeat biliary symptoms. TIPS, though
effective in portal decompression has issues of wider
[64]
accessibility and high occlusion rate at one year . In
patients with extensive thrombosis and non-shuntable
vein or blocked shunt, patients must be managed
with continued endoscopic stents. Such patients may
be candidates for placement of self-expanding metal
stents.

Biliary drainage

The third phase is to manage patients who continue to
be symptomatic with cholangiographic changes despite
portal decompression. Some patients may develop
symptoms due to blocked portosystemic shunt. Biliary
drainage procedures like hepaticojejunostomy or
choledochoduodenostomy are performed with good
[20,65]
clinical results
. Liver transplantation is indicated in
patients with secondary biliary cirrhosis and end stage
[66,67]
liver disease
.

Shunt surgery

With advances in endotherapy, patients with biliopathy
are increasingly being managed with multiple stents
for prolonged periods of time. Such patients should
be evaluated for surgical porto-systemic shunts or
[24,25,60-63]
TIPS
(Figure 7). One of the strong arguments
in favor of operative management has been the fact
that surgery is a onetime procedure, does not require
repeated hospital visits, which is particularly relevant
for the majority of EHPVO patients who come from
areas where specialized medical help with access to
endotherapy may not be available. Shunt procedures
cause regression in collaterals and as a result cause
improvement in the cholangiographic abnormalities
of portal biliopathy and significant clinical improve
ment. Follow up studies have shown that around twothirds of patients remain asymptomatic and complete
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Abstract
Obstructed defecation syndrome (ODS) is a functional
disorder commonly encountered by colorectal sur
geons and gastroenterologists, and greatly affects
the quality of life of patients from both societal and
psychological aspects. The underlying anatomical
and pathophysiological changes of ODS are complex.
However, intra-rectal intussusception and rectocele are
frequently found in patients with ODS and both are
thought to play an important role in the pathogenesis
of ODS. With the development of evaluation methods
in anorectal physiology laboratories and radiology
studies, a great variety of new operative procedures,
especially transanal procedures, have been invented
to treat ODS. However, no procedure has been proved
to be superior to others at present. Each operation has
its own merits and defects. Thus, choosing appropriate
transanal surgical procedures for the treatment of

Supported by National Natural Science Foundation of
China, No. 81500505 and No. 81570492; and Natural Science
Foundation of Hubei Province of China, No. 2015CFB636.
Conflict-of-interest statement: The authors declare no conflict
of interests in this article.
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
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Invited manuscript

WJG|www.wjgnet.com

7983

September 21, 2016|Volume 22|Issue 35|

Liu WC et al . Transanal surgery for obstructed defecation syndrome
[9-13]

symptomatic ODS through transanal approaches
.
However, these transanal surgeries for ODS are
challenges for all colorectal surgeons. One reason
may be that ODS should be described as an “iceberg
syndrome” characterized by “emerging rocks”, such
as internal rectal intussusception and rectocele that
may benefit from operation, and also by “underwater
rocks” or occult diseases such as rectal hyposensation
that may affect the postoperative result of transanal
[14,15]
operation
. Another reason is that few standards
of selection criteria for transanal surgical procedures
[4,5,7,8]
for treatment of ODS have been made yet
.
Besides, anatomical and physiological disturbances
underlying ODS are complex and remain incompletely
understood.
These reasons may also explain why reported
clinical outcomes of different transanal surgical pro
cedures for treatment of ODS are controversial and
remain debatable. None of these procedures has
shown superior advantages and each technique has its
[16-20]
benefits and disadvantages
. This article will review
the literature regarding current transanal operative
procedures for ODS to summarize the problems and
alternatives for treatment of ODS and to conclude
essential assessments needed for patient evaluation
before carrying out transanal surgery for ODS patients.
The benefits and disadvantages of each transanal
surgical procedure and some experiences of transanal
surgery for ODS in a single clinical center will also be
presented.

ODS remains a challenge for all surgeons. This review
provides an introduction of the current problems and
options for treatment of ODS and a detailed summary
of the essential assessments needed for patient
evaluation before carrying out transanal surgery.
Besides, an overview of the benefits and problems of
current transanal surgical procedures for treatment of
ODS is summarized in this review. A report of clinical
experience of some transanal surgical techniques used
in the authors’ center is also presented.
Key words: Obstructive defecation syndrome; Transanal
surgery; Transanal manual technique; Transanal stapling
procedure; Medical assessment; Clinical outcome; Clinical
experience
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Transanal surgery for obstructed defecation
syndrome (ODS) remains a challenge for colorectal
surgeons. Possible reasons are that reported clinical
outcomes of current transanal surgical procedures
are controversial and the patient selection criteria for
different procedures are usually deficiently described
in the current literature. This article reviews the
literature regarding transanal surgery, introduces
current problems and options for treatment of ODS
and summarizes essential assessments needed for
patient evaluation and the benefits and problems of
each procedure. The aim of this article is to improve
the understanding of selective strategies of transanal
operations and increase patient satisfaction.

CURRENT OPTIONS FOR ODS
TREATMENT

Liu WC, Wan SL, Yaseen SM, Ren XH, Tian CP, Ding Z, Zheng
KY, Wu YH, Jiang CQ, Qian Q. Transanal surgery for obstructed
defecation syndrome: Literature review and a single-center
experience. World J Gastroenterol 2016; 22(35): 7983-7998
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i35/7983.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i35.7983

Medical treatments

The basic medical treatments for patients with ODS
may be a change of lifestyle, such as drinking plenty
[16,21]
of water and eating a fiber diet every day
. A short
period of using retrograde rectal irrigation or large
bowel irrigation with warm normal saline can also be
an alternative basic medical treatment for patients
[22-24]
with ODS
.
For patients with ODS induced by anismus, they
may firstly be given 50 units of botulinum toxin
A through trananal injection into the puborectalis
[25]
muscle . Such patients may also benefit from yoga
exercises. Patients are trained to relax themselves and
control the pelvic floor muscles, which may change the
activity of the pelvic floor muscles during incompleted
[26,27]
defecation
. For patients with ODS induced by
anismus and rectal hyposensation, biofeedback
[16,28]
therapy should be advised
. If symptoms of the
patient are related to pudendal neuropathy and
rectal hyposensation, an alternative therapy might
be transanal electrostimulation, which is carried out
by inserting a small probe connected with a portable
[7]
electrostimulator into the anus .

INTRODUCTION
Obstructed defecation syndrome (ODS) is defined as
paradoxical contraction or inappropriate relaxation of the
pelvic floor muscles during attempted defecation with
symptoms such as excessive straining, incomplete or
fragmented evacuation, and/or inappropriate propulsive
forces during attempted defecation with symptoms such
as need for perineal or digital facilitation of defecation,
tenesmus, urgency and pelvic heaviness with the
[1-3]
normal desire to defecate .
Rectocele and internal rectal intussusception
are anatomic disorders that have frequently been
[4-8]
associated with ODS
. To date, there have been
various surgical methods used for the treatment of
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Psychological counselling plays an important role
in the treatment of patients with severe psychological
[29]
pressure, such as depression and anxiety . Besides,
simple relaxation exercises of abdominal and pelvic
[30]
floor muscles may also be helpful for these patients .
Furthermore, the latest psycho-echo-biofeedback
therapy combined ultrasound-guided biofeedback with
guided imagery and relaxation techniques. It might
be a good option for ODS patients with both anismus
[31]
and server psychological pressure . Another new
technology called biofeedback therapy plus transanal
electrostimulation might also be an alternative for
[32,33]
medical treatment of ODS
.

therapy-stapled transanal rectal resection (TST-STARR)
[11,42-44]
procedure
. When treating patients with ODS
induced by rectocele and rectocele with relatively
minor rectal intussusception (depth of rectocele more
than 4.5 cm), the Bresler procedure or improved linear
stapling procedure combined with a Bioabsorbable
[9,45]
Seamguard (BSG) should be a smart choice
. For
patients with ODS induced by symptomatic very high
take-off internal rectal intussusception which is limited
to reach the apex of the prolapse by above procedures,
a transanal procedure called the TransAnal Endoscopic
[46]
(internal) Rectal Prolapse” (TERP) may be advised .

ESSENTIAL ASSESSMENTS NEEDED
BEFORE TRANSANAL SURGERY FOR
ODS

Alternative transanal surgical methods

The clinical outcomes of non-surgical treatments for
anismus induced ODS were conflicting, and the effects
are not significant. That may be the reason why partial
[34]
division of the puborectalis procedure was proposed .
This transanal manual procedure was thought to be
effective in treating anismus induced ODS by partially
dividing the puborectalis to relax the tension of
[34-38]
hypertrophic puborectalis muscle
.
As a most commonly used transanal manual
procedure, internal Delorme’s transanal excision
was supposed to be a relatively cheap and pathophy
siologically appropriate procedure for many patients
[39]
with ODS .
Based on the stapled hemorrhoidopexy procedure,
[40]
Corman et al
introduced an alternative minimally
invasive transanal stapling procedure for patients with
rectocele and internal intussusception induced ODS.
This novel technique could restore the anatomical
abnormality (rectocele and rectal intussusception) in
the rectum through stapled transanal rectal resection
(STARR) by sequentially using double circular
stapling devices for the procedure for prolapse and
hemorrhoids (PPH). That is why it was named PPHSTARR procedure. By resecting a full-thickness part of
the rectum and subsequently strengthening the rectovaginal septum and resecting redundant rectum, this
procedure may provide promising results for ODS
treatment.
PPH-STARR technique was confined to patients
with large internal rectal intussusception and/or
rectocele due to its limitation of resection of a large
volume of prolapsed tissue and difficulty in visualizing
the procedure. Patients with large internal rectal
intussusception and/or rectocele may be treated
by using a curved headed stapler device called the
[41]
Contour-Transtar procedure . For patients with
larger prolapses (> 5.0 cm), PPH-STARR has the
disadvantage of resecting bands of rectal mucosal
prolapses with a maximal width of approximately
4.5 cm, and a better choice might be the “transanal
repair of rectocele and rectal mucosectomy with a
single circular stapler (TRREMS)” or tissue selecting
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Clinical questionnaires

After hospitalization, all patients should be evaluated
with a standardized questionnaire - the Cleveland
Clinic Florida constipation score (Wexner score) for
the assessment of constipation. The fecal incontinence
score questionnaires including St. Marks incontinence
score and Cleveland Clinic incontinence score should
also be carried out. Moreover, quality of life should
be assessed for all patients through the use of the
gastrointestinal quality of life index and the Italian
[11,12,34,37,39]
version of the Short-Form 12
.

Clinical examinations

All candidates should have prior screening with diag
nostic examinations before the transanal operation as
follows: (1) gastrointestinal transit time (GITT) assay
with 20 radiopaque markers, and repeated abdominal
X-ray tests on days 1, 3 and 5; (2) defecography or
simultaneous pelvicography and colpocystodefecography
(PCCD), including defecography, voiding cystography,
vaginal opacification and pelvicography; (3) colonoscopy;
(4) endorectal and endoanal ultraosonography; (5)
anorectal manometry test; and (6) measurement of
pudendal nerve terminal motor latency, anal surface
[9,46-49]
electromyography and balloon expulsion
.

Clinical tests

Before surgery, all routine inspections should be
completed, including a routine blood test, liver
and kidney function tests, chest radiography, and
[10,36,47-49]
electrocardiograpy
.

INCLUSION CRITERIA AND EXCLUSION
CRITERIA FOR TRANSANAL SURGERY
Inclusion criteria (ODS induced by rectocele and/or
rectal intussusception)
[3,9,11,50,51]

Symptoms of patients: Patients
should
fulfill at least two of the following symptoms in the
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follows: digital assistance, perineal support, enema and
odd posture; (5) Excessive straining and prolonged
painful effort during ≥ 25% of defecations; and (6)
Defecation ≤ 3 times per week. What’s more, patients
should satisfy conditions including: (1) Seldom having
loose stools without using of laxatives and deficient
standards for diagnosis of irritable bowel syndrome;
and (2) Impaired defecation proved by using balloon
expulsion test or anorectal manometry test.

Table 1 Overview and summary of pros of each transanal
operative procedure
Procedure

Pros

Ref.

Partial
division of
puborectalis
Internal
Delorme’s
procedure

Good short-term follow-up outcome
[35-37]
More effective compared with
[35]
common non-surgical procedures
Good long-term follow-up outcome
[50,53,58,59]
with advantages as low recurrence
rate and without complications such
as postoperative constipation
Suitable for patients with ODS
[50,53]
and postoperative risk of fecal
incontinence
PPH-STARR Overall satisfaction during
[52,56,62-65,83-86]
procedure
postoperative long-term follow-up
Without damage to the anal
[47]
sphincters
ContourHigh percent of patient satisfaction
[41,87,88,91-96]
Transtar
during long-term follow-up with
procedure
advantages such as visualizing
the procedure and being suitable
for resection of a large volume of
prolapsed tissue and without severe
complications such as recto-vaginal
fistula and fecal incontinence
With superiority over PPH-STARR
[91]
procedure
Bresler
High percent of patient satisfaction
[9,45,48,99,100]
procedure
during long-term follow-up with
and liner
advantages such as being suitable
stapler and
for resection of a large rectocele with
bioabsobable a depth more than 4.5 cm, simple
stapler line
procedure and without severe
reinforcement complications such as recto-vaginal
material
fistula and peritoneal perforation
TRREMS
High percent of patient satisfaction
[42-44,101]
procedure
during long-term follow-up with
advantages such as being suitable for
large prolapses of more than 5.0 cm,
a short learning curve and without
severe complications
TST-STARR High percent of patient satisfaction
[11]
procedure
during long-term follow-up with
advantages such as being suitable
for large prolapses of more than 5.0
cm, a short learning curve, direct
visualization during surgery and
without severe complications
TERP
Good short-term follow-up outcome
[46]
procedure

Clinical history of patients: (1) Unresponsiveness
to current intensive and appropriate medical treatment
for at least 6 mo, such as basic medical therapy
(drinking ≥ 1.5 L water and taking 10 g lactulose per
day and eating high-fiber diet), stimulants, osmotic
laxatives and enemas; and (2) the absence of severe
[45,46,52-54]
psychiatric diseases
.
Radiological findings and Cleveland Clinic Florida
constipation score: (1) The depth of rectocele ≥ 3
cm and/or rectal intussusception into the anal canal
≥ 1 cm on straining or defecography after defecation;
and (2) a Cleveland Clinic Florida constipation score
[11,39,41,55,56]
(Wexner score) ≥ 12
.

Inclusion criteria (ODS induced by anismus)
[3,34,37,38,57]

The inclusion criteria
were: (1) Patients
with the following symptoms in the past 3 mo, with
these symptoms appearing at least 6 mo before
diagnosis; (2) Proof of appropriate propulsive forces
during defecation (rectal pressure > 45 mmHg); (3)
Evidence for loss to rest the pelvic floor muscles or
improper contraction through medical examination of
the pelvic floor muscles during evacuation combined
with defecography, anorectal manometry test, electro
myography and balloon expulsion; and (4) A permanent
need of digital assistance, enema and laxatives to
facilitate evacuation.

Exclusion criteria (ODS induced by rectocele and/or
rectal intussusception)

(1) Patients with cystocele or genital prolapse
needing transvaginal surgery; (2) Patients with fecal
incontinence or ODS induced by anismus or pelvic
floor dyssynergia; (3) Patients with anastomotic stoma
or foreign material or chronic inflammatory lesions
in the rectum or the anal canal; (4) Patients with
colonic inertia, neoplasia or anorectal stenosis; and (5)
Patients with mental disorders or patients refusing to
[3,9,11,50,51]
accept surgery
.

TRREMS: Transanal repair of rectocele and rectal mucosectomy with a
single circular stapler; TST: Tissue selecting therapy; PPH: Procedure for
prolapse and hemorrhoids; STARR: Stapled transanal rectal resection.

past 3 mo, with these symptoms appearing at least
6 mo prior to diagnosis: (1) A feeling of attempted
defecation during ≥ 25% of defecations; (2) Frequent
feeling to defecate with failed attempts and a feeling
of anorectal obstruction-blockage with long periods of
time during ≥ 25% of defecations; (3) Hard or lumpy
stools during ≥ 25% of defecations; (4) Facilitating ≥
25% of defecations by using at least one method as
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Exclusion criteria (ODS induced by anismus)

(1) Patients with colonic inertia or sphincter defect;
(2) Patients with not only anismus but also other
defecographic abnormalities; and (3) Patients with
[3,34,37,38,57]
former pelvic operation
.
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TRREMS
procedure

Table 2 Overview and summary of cons of each transanal
operative procedure
Procedure

Cons

Partial
division of
puborectalis
Internal
Delorme’s
procedure

PPH-STARR
procedure

ContourTranstar
procedure

Bresler
procedure
and liner
stapler and
bioabsobable
stapler line
reinforcement
material

TST-STARR
procedure

Ref.

Disappointing short-term follow-up
[34,38,57]
outcome
Increased risk of postoperative fecal
[34,38,57]
incontinence
Unsatisfactory long-term follow[39,53,55,60,61]
up outcome with disadvantages
such as high recurrence rate, long
operative time and complications
such as constipation, fissure-in-ano,
and transient incontinence
Unsuitable for patients with ODS
[53]
and diarrhea
Requiring additional
[60]
sphincteroplasty for patients with
ODS and severe fecal incontinence
Without superiority to stapling
[39,55]
procedures in treatment of rectocele
induced ODS
Disappointing long-term follow[41,63,67-70,79,80]
up outcome with disadvantages
such as a long learning curve and
complications such as bleeding,
puborectalis dyssynergia, urinary
retention, granuloma of anastomotic
stoma and recurrent ODS
With some severe postoperative
[75-78]
complications such as severe
proctalgia, fecal incontinence and
rectovaginal fistula
With rare complications such as
[81,82]
rectal diverticulum and sigmoid
volvulus
Unsuitable for patients with
[66,68-70,76-80]
previous pelvic floor surgery or
sphincter weakness
Limitation of resection of a large
[41]
volume of prolapsed tissue
and difficulty in visualizing the
procedure
Disappointing long-term follow[65,87,89,90,97]
up outcome with disadvantages
such as a long learning curve ,
relatively complicated procedure,
high cost and complications such as
bleeding, puborectalis dyssynergia,
urinary retention, granuloma of
anastomotic stoma and recurrent
ODS
With some severe complications
[87,89,90]
such as recto-vaginal fistula, fecal
urgency, fecal incontinence and
anorectal pain
Unsuitable for patients with
[65,87,89,90,97]
previous pelvic floor surgery or
sphincter weakness
Without superiority over PPH[65,97]
STARR procedure
Limited effect on rectal
[45,48,99,100]
intussusception and unsuitable for
patients with sphincter weakness
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Limited effect on severe rectocele
Unsuitable for patients with
sphincter weakness
Unsuitable for patients with
sphincter weakness

[44]
[42-44,101]
[11]

TRREMS: Transanal repair of rectocele and rectal mucosectomy with a
single circular stapler; TST: Tissue selecting therapy; PPH: Procedure for
prolapse and hemorrhoids; STARR: Stapled transanal rectal resection.

ALTERNATIVE TRANSANAL SURGICAL
PROCEDURES FOR ODS
There have been a great variety of transanal surgical
techniques to treat patients with ODS and each
technique has its benefits and problems. The tabular
format of the diverse transanal operative procedures
highlighting the pros and cons of each technique is
summarized in Table 1 (pros) and Table 2 (cons).

Partial division of puborectalis
[35]

[36]

As Wallace et al
and Wasserman
reported,
patients had good responses after partial division of
the puborectalis muscle. Moreover, a comparative
[37]
study investigated by Faried et al showed that partial
division of puborectalis was more effective than nonsurgical treatment such as biofeedback retraining with
a BTX-A injection. However, some studies reported that
the outcome of treatment for patients with anismus
through lateral or posterior midline division of the
[34,38,57]
puborectalis muscle was disappointing
. Division
of the puborectalis muscle failed to improve the ODS
symptoms among the majority of patients, but might
increase the risk of subsequent incontinence after
[34,38,57]
surgery
.

Internal Delorme’s procedure
[50]

Berman et al
demonstrated that 21 patients who
had undergone this procedure obtained a satisfaction
rate of 71% at the 3-year follow-up without any major
[53]
complications. Ganio et al
found that 45.7% of
the incontinent patients had normal fecal continence
after undergoing the internal Delorme’s procedure.
[58]
[59]
Tsunoda et al
and Liberman et al
also proved
that internal Delorme’s procedure had a reasonably
low recurrence rate and a low morbidity. And this
procedure did not lead to constipation post operation.
However, this procedure also has limitations such
as not being suitable for patients with diarrhea.
Additionally, postoperative complications, including
fissure-in-ano, suture-line dehiscence and anastomotic
[53]
stoma stenosis, were observed . As Ohazuruike et
[39]
al
reported, 8.6% of patients in their study had felt
transient incontinence to gas and fluids, respectively.
For ODS patient with severe fecal incontinence, this
procedure should be combined with sphincteroplasty
[60]
to improve postoperative anal continence . However,
[39]
Ohazuruike et al
thought that there were no
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statistically significant differences between internal
Delorme’s procedure and PPH-STARR procedure in
treatment of ODS induced by rectocele and rectal
[61]
intussusceptions. Roman et al also reported that the
long-term outcome of internal Delorme’s procedure was
less encouraging with a high recurrence rate. Besides,
[55]
Mahmoud et al
demonstrated that this manual
procedure had disadvantages of longer operative time
and hospital stay and more complications, including
constipation and fecal incontinence compared with
stapling procedures, especially in the treatment of
rectocele in ODS.

PPH-STARR procedure

sphincter spasm in the anus, extreme tension on
the anoderm and excessive resection of smooth
[72-74]
muscle
. Postoperative fecal urgency and fecal
incontinence were also reported as postoperative
complications of PPH-STARR procedure, which may be
improved by sacral nerve stimulation or other medical
[75,76]
treatments after surgery
. Besides, Pescatori et
[77]
[78]
al
and Pescatori et al
summarized complications
of PPH-STARR, including recurrent ODS, severe
proctalgia, fecal incontinence and rectovaginal fistula.
[79]
Furthermore, Asteria et al
stated that they had
observed transient fecal urgency in 18% of cases and
urinary retention in 12% of patients. And in a long[80]
term follow-up investigated by Zhang et al , 14.7%
of patients were reported to have similar complications
related to granuloma of anastomotic stoma. Early
postoperative urgency might result from traumatic
inflammation at the staple line, but it could not explain
why it lasts so long after surgery. In addition, rare
complications such as rectal diverticulum and sigmoid
[81,82]
volvulus were also reported
. However, minor
postoperative complications have been mentioned
in several studies, while neither major morbidity nor
threatening mortality has been observed with PPH[83-86]
STARR procedure
.

[62]

As described by Boccasanta et al , there was an
overall satisfaction rate of nearly 88% for a period
of 20 mo of postoperative follow-up after transananl
surgery performed with PPH-STARR procedure.
[63]
Similarly, in another study by Gagliardi et al , a 65%
satisfaction rate was achieved in patients suffering from
rectocele and rectal intussusception. Another study
also reported that the frequency of defecatory urgency
rd
decreased dramatically from 10% at the 3 mo to
[56]
2% by the end of 12 mo of postoperative follow-up .
Additionally, radiological and clinical modifications of
intussusception and rectocele were observed in 94.6%
of patients during the follow-up investigated by Arroyo
[52]
et al . Similar results were also reported by Ding et
[64]
[65]
al and Naldini et al . Because a circular anal dilator
(CAD) was introduced into the anus to provide a better
view for surgeons, possible damage to anal sphincters
due to the introduction of the CAD was considered by
some investigators. For this reason, Boccasanta et
[47]
al
suggested in their study that if the stapler was
correctly used, there would not be any direct damage
to the anal sphincters.
However, the procedure has the advantages of
being simple, easy and fast. It requires extensive
experience to avoid further postoperative complications
and to carefully resect the rectocele and prolapsed
tissue. Besides, it may not be suitable for patients
[66]
with previous pelvic floor surgery . And there
were some controversial points of view regarding
the complication and poor postoperative outcome
[67,68]
of this procedure
. For instance, the primary
and most common perioperative and postoperative
complication is “bleeding”, which should be repaired
intraoperatively by a few anastomotic sutures with
[41,63]
absorbable thread
. Another complication found in
[41,69,70]
several studies was puborectalis dyssynergia
.
[71]
However, van Dam et al
demonstrated that the
clinical outcome of transanal surgery for ODS was
not influenced by the presence of puborectalis
dyssynergia. Persistent pain in the anus was another
complication appearing frequently after transanal
surgery with PPH-STARR. This symptom might result
from the staple line rupturing induced by postoperative
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Contour-Transtar procedure

[87]

As demonstrated by Renzi et al , 87% of cases with
a prolonged history of constipation had symptom-free
defecation after operation. This surgical procedure with
a curved head was shown to be good and have a great
effect on the development of symptoms in patients
suffering from ODS. However, a percentage of patients
may develop anal stenosis and may have a risk of
spiraling due to the longitudinal and circumferential
resection of the prolapsed tissue. On account of these
[88]
complications, Brescia et al
modified the technique
using an electric scalpel instead of a linear endoscopic
stapler for initial longitudinal resection and stated
that it could reduce the risk of spiraling. However,
with resection of a large circumferential volume of
the rectal wall, this new technique was considered to
cause potentially severe complications such as rectovaginal fistula, recto-enteric fistula, fecal urgency and
fecal incontinence, which affected the quality of life
[89,90]
of patients after surgery
. Nonetheless, further
investigation indicated that clinical outcome using
this technique was good if the surgeons carefully
resected the anterior rectal wall prolapse without
the posterior vaginal wall and corrected the defect
using a recto-vaginal flap between the recto-vaginal
[91,92]
[91]
septum
. As showed by Martellucci et al , only
1.5% of patients who underwent Contour-Transtar
procedure required further surgery because of anal
pain caused by retained staples, and only one patient
had rectal perforation rectified by colostomy and
closed after 6 mo. They demonstrated that the early
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TST-STARR procedure

complication rate of this procedure was low and this new
procedure had superiority over PPH-STARR procedure.
What’s more, some following studies reported similar
[93-96]
results
. However, there were also some opposing
[97]
[65]
views. Wadhawan et al
and Naldini et al
indicated
that there were no statistically significant differences
in postoperative clinical outcome, early complications,
postoperative pain or hospital stay between PPHSTARR procedure and Contour-Transtar procedure.
[98]
Similarly, Boccasanta et al
demonstrated that
no improvements in symptoms and defecographic
parameters were observed postoperatively in patients
who underwent operation using Contour-Transtar
procedure compared with PPH-STARR procedure. In
addition, the cost of the stapler device used in ContourTranstar procedure was higher.

Bresler procedure

[11]

Naldini et al
reported that only three patients had
anastomotic bleeding with only one patient needing
surgical intervention in the 76 patients who underwent
TST-STARR Plus procedure. And only 7.6% of patients
with fecal urgency were observed in the 14.5-mo
follow-up.

Transanal rectocele repair using liner stapler and
bioabsobable stapler line reinforcement material
[9]

As described by de la Portilla et al , a remarkable
reduction in rectocele size on defecography and a
significant improvement of symptoms as vaginal
prolapse during evacuation, rectorrhagia, vaginal
prolapse or digitation with bulge/mass, pruritus ani,
pain and tenesmus were observed after surgery. No
patient exhibited severe complications during the followup period and only two cases exhibited fecal urgency.

[45]

As showed by Ayav et al , at least 90% of patients
were satisfied and had no symptoms postoperatively
in the 3 years of follow-up. And 76% of symptom-free
cases were observed after a median-term follow-up.
[99]
Another study investigated by Jiang et al found that
the mean constipation score improved significantly
from 13.56 preoperatively to 5.07 postoperatively
without severe complications as recto-vaginal fistula
[100]
and peritoneal perforation. Moreover, Zhang et al
proved that the efficacy of this procedure can be highly
appreciable with 72% of patients cured clinically.
[48]
In addition, a study conducted by D’Avolio et al
indicated that defecography post operation proved
complete correction of the anterior rectal wall defect in
all 15 cases, and only a few cases had minor bleeding
after surgery.

TRREMS procedure

TERP procedure

OUR EXPERIENCE
Forty-three female patients with ODS induced
by rectocele and/or minor rectal intussusception
underwent transanal operation through Bresler
procedure in three Chinese hospitals led by our
center from November 2008 to December 2010. The
surgical procedure (Figure 1 and Video 1) is similar
[45]
to Ayav et al ’s procedure. There were not any
severe postoperative complications. Moreover, the
mean constipation score improved significantly post
operation. In addition, postoperative defecography
also showed a great improvement with complete
[99]
disappearance of the rectocele in 15 of 28 patients .
Our center registered a retrospective study in
the Chinese Clinical Trial Registry (No. ChiCTRORN-16007696) to compare the clinical outcome
between PPH-STARR and Bresler procedures in the
treatment of ODS induced by rectocele and rectocele
(depth of rectocele < 4.5 cm) with relatively minor
rectal intussusception. Our PPH-STARR procedure
(Figure 2 and Video 2) is similar to the traditional
[40]
PPH-STARR procedure . We investigated 30 female
ODS patients who underwent Bresler surgery and
30 female ODS patients who underwent STARR
surgery at our center from October 2011 to November
2012. However, there were no statistically significant
differences (P > 0.05) between the two surgical
procedures in mean operative time, blood loss or mean
postoperative hospital stay (Table 3). Additionally,

[42]

As described by Regadas et al , all eight patients with
ODS caused by rectocele had a good clinical outcome
after TRREMS procedure. Additionally, a complete
correction of the rectocele was demonstrated by analvaginal digitation and postoperative defecography.
[43]
Cruz et al
investigated the outcomes of 75 patients
with anorectocele related to rectal intussusception
or mucosal prolapse in a prospective multicenter
study. Mean Cleveland Clinic Florida constipation
score (Wexner score) of these patients decreased
meaningfully after the TRREMS procedure, which
indicated that this operation is effective and safe.
[101]
Besides, Leal et al
showed that TRREMS procedure
could significantly reduce the mean constipation and
obstructed defecation scores with lowered costs, even
in treatment of grades Ⅱ and Ⅲ rectocele. What’s
[44]
more, as reported by Regadas et al , all 45 patients
who underwent a modified TRREMS procedure had
complete disappearance of rectal intussusception
observed by imaging examination after surgery. Only
13.3% of the cases had a small residual mucosal
prolapse.
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[46]

As described by Bloemendaal et al , two of three
patients had a significant improvement of ODS
symptoms after surgery. Whereas another patient had
a left hemicolectomy 1 year after the operation due to
an anterior recurrence of internal rectal prolapse with
a redundant loop of transverse colon near anastomotic
stoma and an ulcer on the anterior wall of the rectum.
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A

B

C

D

Figure 1 Surgical technique of Bresler procedure. A: The anterior wall of the defect in the rectum should be raised with two or three Allis clamps, and it should
be ensured every time that it does not involve the posterior wall of the vagina to avoid further complications; B, C: A single use, reloadable endoscopic linear cutter
is introduced, and one or two firings might be necessary depending on the extent of prolapse seen in the rectocele; D: A longitudinal locked running suture, including
rectal mucosa, submucosa, and muscle, was made with 2-0 absorbable Vicryl suture along the staple line for the plication of the repaired anterior rectal wall to
strengthen the stapled region.

Table 3 Comparison of mean operative time, blood loss and
mean postoperative hospital stay between the procedure for
prolapse and hemorrhoids-stapled transanal rectal resection
and Bresler procedures

Mean operative time
(min)
Blood loss (mL)
Mean postoperative
hospital stay (d)

STARR
procedure

Bresler
procedure

P value

21.5 ± 4.5

21.0 ± 4.0

0.26

10.0 ± 2.5
5

9.0 ± 2.0
5

0.35
0.19

Table 4 Comparison of the incidence of postoperative
complications between the procedure for prolapse and
hemorrhoids-stapled transanal rectal resection and Bresler
procedures
Pain
STARR
procedure
Bresler
procedure

Fecal
Bleeding Total Incidence P value
incontinence
number

2

5

1

30

26.7%

3

4

2

30

30.0%

0.774

STARR: Stapled transanal rectal resection.
STARR: Stapled transanal rectal resection.

From April 2013 to September 2014, 50 patients
(43 females and 7 males) with ODS were treated
with TST-STARR procedure at our center. Our surgical
procedure (Figure 4 and Video 3) was the same as
[11]
Naldini et al ’s procedure. The average time of
surgery was 21 ± 4 min (range: 12-35 min), blood
loss was 12 ± 2 ml (range: 6-16 ml) and the average
hospital stay was 5 d (range: 4-8 d). What’s more,
there were a few postoperative complications with only
one patient with transient fecal urgency and only one
patient suffering anastomotic bleeding. Besides, there
was only one patient with fecal incontinence and one
patient with rectal anastomotic stenosis. What’s more,
the postoperative Wexner constipation score improved

there were no statistically significant differences (P
> 0.05) between the two surgical procedures in the
incidence of postoperative complications (STARR
procedure group vs Bresler procedure group = 26.7%
vs 30%, Table 4). Moreover, evaluation of patient
satisfaction in the STARR procedure group was
excellent (50%), good (16.7%), fair (10%) and poor
(23.3%). The same assessment was excellent (46.7%),
good (20%), fair (6.7%) and poor (26.6%) in Bresler
procedure group. Moreover, in the short-term followup period, postoperative satisfaction rate (patients who
felt excellent or good after surgery) of the two surgical
procedures was same with 66.7% (Figure 3).
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A

B

C

D

E

F

Figure 2 Surgical technique of prolapse and hemorrhoids-stapled transanal rectal resection procedure. A, B: A CAD was introduced into the anal canal, and
a sterile betadine gauze hold with a pincer should be used to draw the prolapsed tissue inside the dilator; C: Three purse-string sutures in all of the layers of the
rectum were made at 1 cm intervals using Prolene 2-0 in the anterior area of the rectum at 4 cm above the dentate line and from the 9 o’clock direction to the 3 o’clock
direction including the apex of the anterior rectocele; D: A PPH device was inserted into the anal canal and closed and fired to perform the rectal anastomosis, and
the staple line was reinforced using a 3-0 absorbable Vicryl suture; E: The same procedure was repeated on the posterior rectal wall; F: The resected sample. PPH:
Procedure for prolapse and hemorrhoids; STARR: Stapled transanal rectal resection; CAD: Circular anal dilator.

significantly, and the overall satisfaction rates were
approximately 84%, 84% and 82% at 3, 6, and 12
mo, respectively.
From January 2015 to December 2015, 45 patients
(16 females and 29 males) with anismus induced ODS
underwent transanal partial excision of puborectalis at
our center. The surgical procedure is shown in Figure
5. And a retrospective study of postoperative outcome
through transanal partial excision of puborectalis
for treatment of anismus induced ODS had been
registered in the Chinese Clinical Trial Registry with
No. ChiCTR-ORB- 16007695. Part of the short-time
follow-up showed a satisfactory outcome, and the
full collection of clinical data and long-term follow-up
are in progress. To date, none of these patients had
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complications such as fecal incontinence after surgery,
and only 20% of patients had the recurrent ODS
symptom.

DISCUSSION
Although a plenty of studies about the transanal surgical
management of ODS have been published, treatment
strategies for ODS remain poorly understood. This may
be because of a lack of strict patient selection criteria for
ODS operation, which is essential for surgeons to define
and evaluate the roles of each operative procedure.
Additionally, randomized controlled trials and controlled
clinical trials with long-term follow-up and review
articles based upon these investigations are not enough
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100%
90%

23.3

26.6

70%

10

6.7

60%

16.7

20

50

46.7

STARR procedure
group

Bresler procedure
group

80%

50%

than 4.5 cm. Therefore, it should be advised to apply
by surgeons with extensive maintenance experience
for the treatment of patients with ODS induced by
internal rectal prolapse (length of prolapse < 4.5 cm)
and/or rectocele (depth of rectocele < 4.5 cm). The
Contour Transtar procedure is technically demanding
for treatment of ODS induced by large internal
rectal prolapse and/or rectocele and its functional
results may be as good as those of the PPH-STARR.
However, its cost is relatively high and it may cause
severe complications such as recto-vaginal fistula,
fecal urgency, fecal incontinence and anorectal pain
after surgery. Furthermore, the surgical procedure
is relatively complicated. So, it also needs a long
learning curve and should be advised to be carried
out by surgeons with abundant experience for the
treatment of patients with ODS induced by large
intra-rectal intussusception and/or rectocele. When
treating patients with ODS induced by large rectocele
(depth of rectocele more than > 4.5 cm) and large
rectocele with relatively minor rectal intussusception,
the Bresler technique and a combination of the Bresler
technique with bioabsorbable seamguard may be
simple and effective choices. Both procedures remove
the rectocele completely, but they should be selectively
applied to rectocele and rectocele with relatively minor
rectal intussusception on account of their limited effect
on rectal intussusception. Moreover, all the above
transanal stapling procedure should not be advised to
be carried out in treatment of patients with ODS and
supposed postoperative risk of fecal incontinence due
to sphincter weakness.
For patients with large internal rectal intussusception
(more than 5.0 cm) and/or rectocele induced ODS,
a better choice might be the TRREMS or TST-STARR
procedure. Both techniques have advantages such as a
shorter learning curve, fewer complications, more space
to accommodate the resected tissue and a large volume
of tissue resected. Moreover, TST-STARR procedure
also provides surgeons with direct visualization during
surgery. These two techniques are also suitable
for treatment of ODS induced by internal rectal
intussusception (less than 5.0 cm) and/or rectocele.
Nonetheless, the TRREMS procedure should not be used
in rectocele with a depth of more than > 4.5 cm due to
its limited effect on severe rectocele. Furthermore, both
the TRREMS and TST-STARR procedures should not
be considered an alternative for treatment of patients
with ODS and sphincter weakness. For patients with
ODS induced by symptomatic very high take-off
internal rectal prolapse, which is limited to reach the
apex by other transanal procedures, TERP procedure
should be an alternative choice. However, as a result of
the small scale of patients who underwent the above
three latest techniques, their clinical outcomes need
further investigation and multicenter and randomized
controlled trials with large-scale patient and long-term

Poor
Fair
Good
Excellent

40%
30%
20%
10%
0%

Figure 3 Short-term follow-up of postoperative satisfaction grade of both
prolapse and hemorrhoids-stapled transanal rectal resection procedure
and Bresler procedure. In 30 patients who underwent PPH-STARR procedure,
there were 15 (50%) persons who felt excellent and five (16.7%) persons who
felt good post operation. And there were three (10%) persons who just said fair
and seven (23.3%) persons complaining about poor outcome after operation. In
30 patients who underwent Bresler procedure, there were 14 (46.7%) persons
who felt excellent and six (20%) persons who felt good post operation. And
there were two (6.7%) persons who just said fair and eight (26.6%) persons
complaining about poor outcome after operation. PPH: Procedure for prolapse
and hemorrhoids; STARR: Stapled transanal rectal resection.

for surgeons to evaluate and compare the clinical
applications and outcomes of these transanal surgical
procedures for the treatment of ODS.
Internal Delorme’s procedure was supposed to be
an appropriate operation for patients with ODS and
internal prolapse with severe symptoms. However,
this manual procedure has disadvantages of longer
operative time and hospital stay. It also has more
complications such as higher postoperative recurrence
rate, constipation and recto-vaginal fistula compared
with transanal stapling procedures, especially in the
treatment of ODS induced by rectocele. Thus, the
internal Delorme’s procedure should be considered
an alternative for patients with ODS induced by intrarectal intussusception or internal rectal prolapse
with relatively minor rectocele, and with supposed
postoperative risk of fecal incontinence due to
sphincter weakness. A partial division of puborectalis
and partial excision of the puborectalis might be
alternative to treat patients with anismus induced
ODS. However, more long-term clinical controlled trials
should be carried out to further investigate the effect
of these manual procedures for the treatment of ODS.
PPH-STARR procedure contributed tremendously
to treat patients with intra-rectal intussusception and
rectocele induced ODS. However, it also has some
postoperative complications, including bleeding,
recurrence of ODS, fecal incontinence and so on.
In addition, surgeons have a long learning curve to
master this technique compared with other stapling
procedures. What’s more, it remains limited to patients
with large intra-rectal intussusception with a length
more than 4.5 cm and rectocele with a depth more
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Figure 4 Surgical technique of tissue selecting therapy-stapled transanal rectal resection procedure. A: A CAD was gently introduced and fixed to the perianal
skin after digital anal dilatation to assess the scope and degree of prolapse and rectocele; B, C: The parachute technique with six figure-eight sutures was used to pull
out the rectocele and prolapsed tissues, and the depth of each suture should reach the rectal muscular layer; D: A 36-mm TST stapler was placed through the CAD, and
all traction lines were pulled out through the mega windows; E: The stapler was closed and fired to perform the rectal anastomosis, and the staple line was reinforced
using a 3-0 absorbable Vicryl suture; F: The resected sample. TST: Tissue selecting therapy; STARR: Stapled transanal rectal resection; CAD: Circular anal dilator.

follow-up should be carried out.

transanal surgical procedures for the treatment of
ODS. Third, patients may not be strictly selected
adhering to the current inclusion and exclusion
criteria of these transanal procedures. What’s more,
the “underwater rocks” or occult diseases such as
the psychosomatic component of ODS might be
neglected by some colorectal surgeons. Last but not
the least, supplementary therapies such as a highfiber diet, conservative treatment with drugs and
even a movement promoting defecation may be
considered unnecessary to introduce to patients after
surgery by some surgeons. From our experience, to
get better clinical outcomes and patient satisfaction,
the priority is to strictly select of proper transanal
surgical procedure for each patient according to the
inclusion and exclusion criteria for each transanal

CONCLUSION
Although transanal surgery for ODS has been presented
as a relatively simple, effective and safe treatment in
short-term follow-up, the clinical outcomes in longterm follow-up are controversial and remain deba
table. Possible reasons are still in need of further
investigation. First of all, essential assessments before
transanal surgery for ODS, especially the inclusion
criteria and exclusion criteria and objective validated
measurements for selection of patients, were deficiently
described and summarized in most published articles.
Additionally, there are few well designed randomized
controlled trials comparing outcomes among different
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Figure 5 Technique of transanal partial excision of the puborectalis. A: Making a lateral incision of approximately 3 cm located 1 cm up on the dentate line on the
rectal mucosa from the 3 o’clock direction to the 5 o’clock direction using an ultrasound knife; B: The rectal postero-lateral wall was dissected to the puborectalis; C,
D: The puborectalis muscle was lifted up and approximately 2 cm was removed with an ultrasound knife; E: A full-thickness suture of the rectal wall was carried out; F:
The resected sample.

procedure and the actual situation of the patient. In
addition, surgeons should not only pay attention to
surgery itself but also conservative treatments such as
a change of lifestyle, psychotherapy, pelvic floor and
abdominal muscle relaxation exercises and so on in
order to improve patient satisfaction. Unquestionably,
more large-scale, long-term prospective, multicentric
and randomized controlled trials are needed to validate
these preliminary findings and provide us with a
better understanding of transanal surgery and stricter
selection criteria for choosing proper transanal surgical
procedure for each ODS patient in the future.
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Gastrointestinal cancer has been one of the five most
commonly diagnosed and leading causes of cancer
mortality over the past few decades. Great progress in
traditional therapies has been made, which prolonged
survival in patients with early cancer, yet tumor relapse
and drug resistance still occurred, which is explained
by the cancer stem cell (CSC) theory. Oncolytic viro
therapy has attracted increasing interest in cancer
because of its ability to infect and lyse CSCs. This
paper reviews the basic knowledge, CSC markers and
therapeutics of gastrointestinal cancer (liver, gastric,
colon and pancreatic cancer), as well as research
advances and possible molecular mechanisms of
various oncolytic viruses against gastrointestinal CSCs.
This paper also summarizes the existing obstacles to
oncolytic virotherapy and proposes several alternative
suggestions to overcome the therapeutic limitations.
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Core tip: Cancer stem cells (CSCs) are derived from
tumor cells, which are responsible for tumor relapse
and drug resistance. The high incidence, lethality,
relapse and drug resistance of gastrointestinal cancer
requires a novel therapeutic strategy against CSCs.
Oncolytic viruses hold much promise because they
kill tumor cells but are minimally toxic to normal
cells. Isolation and identification of CSC markers for
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blood from bone marrow stem cells. Moreover, both
normal stem cells and CSCs express drug resistance
genes, such as the ATP-binding cassette protein
efflux pump ABCG2, which endows these cells with
resistance to environmental toxins and chemotherapy
[6]
or radiotherapy . Nevertheless, CSCs also have many
other features dissimilar to normal stem cells as well
as their different or uncertain origin. Thus, it is urgent
to isolate and characterize the CSCs, and exploit
targeting treatment to reduce relapse and improve
survival rate in patients with gastrointestinal tract
[7]
cancer .
In the past two decades, researches have disco
vered a promising biological therapy for cancer,
namely, oncolytic virotherapy. Oncolytic viruses are
natural or modified viruses that can effectively and
specifically infect cancer cells and kill them in preclinical
[8]
models and clinical trials . Oncolytic virotherapy has
attracted increasing attention in cancer research as an
emerging therapeutic approach because of its multiple
anti-cancer pathways. For example, oncolytic viruses
can infect highly proliferative cells (non-CSCs) and
quiescent cells (CSCs), and directly lyse them, but
they are not pumped out of infected cells by ABCG2
[9-11]
like chemotherapeutic drugs
. Other mechanisms
include indirect killing of uninfected cancer cells, such
as destruction of tumor vessels, and induction of
[12]
anti-tumor immunity . More importantly, oncolytic
viruses exhibit targeted anti-tumor activity against
CSCs, which is responsible for resistance to traditional
[11]
treatments and tumor recurrence .
This review focuses on recent studies using oncolytic
viruses against gastrointestinal cancer and highlights
the novel approach to eradicate CSCs.

treatment of gastrointestinal cancer will benefit the
engineering of oncolytic viruses and targeting antitumor effects. This paper reviews research on oncolytic
viruses against gastrointestinal CSCs, and toxicity and
immunological barriers to oncolytic virotherapy, and
proposes alternative strategies.
Huang F, Wang BR, Wu YQ, Wang FC, Zhang J, Wang YG.
Oncolytic viruses against cancer stem cells: A promising
approach for gastrointestinal cancer. World J Gastroenterol 2016;
22(35): 7999-8009 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i35/7999.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i35.7999

INTRODUCTION
Cancers of the genital, digestive and respiratory
[1]
systems have the highest incidence and mortality .
Stomach, liver and colon cancers have been among
the five most commonly diagnosed and leading causes
[1]
of cancer mortality over the past few decades .
However, since the early 1990s, the cancer mortality
rate has declined due to improvements in health
[2]
care .
Traditional therapies for tumors (surgery, chemo
therapy and radiotherapy) have made great progress
in most patients with early cancer. Especially in recent
years, novel targeted anti-cancer agents have been
utilized clinically and have largely improved the survival
rate of many cancer patients. Unfortunately, relapse
still occurs months or years later when cancer patients
are treated with the above approaches and they cannot
be treated successfully again. Apart from suboptimal
surgical debulking, drug resistance of tumor cells, and
inability of chemotherapy or radiotherapy to target all
[3]
cancer cells within a given patient , the cancer stem
cell (CSC) theory can explain cancer relapse, which
has been confirmed by many studies and accepted by
an increasing number of scientists.
CSCs, also named cancer-initiating cells, are a small
population of tumor cells and a subclass of stem-celllike tumor cells. The term CSC was originally coined
to describe features of these cells that are similar to
bona fide normal stem cells that share basic properties
[4]
of self-renewal and pluripotency . Since a subclass
+
of CSCs, CD34 CD38 cells, derived from the blood of
patients with acute myeloid leukemia, was reported
in 1994, the presence of CSCs has been verified in
a variety of primary tumor tissues and tumor cell
[5]
lines, including gastrointestinal tract cancer . The
hypothesis that CSCs originate from normal stem
cells is still uncertain, but their origin is likely to differ
among human cancers. CSCs are tumorigenic and
responsible for cancer relapse and metastasis, which
implies that their role in producing daughter cells that
constitute a new tumor bulk is similar to the role of
normal stem cells in generating a bulk organ, such as
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GASTROINTESTINAL CANCER, CSCs
AND THERAPY
Gastric cancer

Gastric cancer (GC) is a heterogeneous chronic disease
characterized by epidemiological and histopathological
differences among countries. GC is one of the leading
causes of cancer-related death worldwide. The origin
of gastric carcinogenesis is still controversial. The
past most popular model involved several initiators
and continuator agents that provide a multifactorial
[13]
and multistep pathogenesis for GC formation .
Helicobacter pylori (H. pylori) infection is recognized as
[14]
a necessary but insufficient cause of GC .
Recent advances consider that GC essentially is
a stem cell disease and GC stem cells (GCSCs) are
[15]
the basis for gastric carcinogenesis . GCSCs may
be derived from resident stem cells in gastric tissues
with a chronically inflamed environment in the case
[16]
of H. pylori-induced gastritis . Alternatively, due
to exhaustion of the native gastric stem cells from
their niches induced by chronic inflammatory stress,
GCSCs are recruited from bone-marrow-derived stem
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cells into the gastric epithelium. Further studies have
found high expression of drug-resistance genes such
as ALDH and MDR and specific molecular markers
such as CD44, CD133, leucine-rich repeat-containing
G-protein coupled receptor (Lgr)5, signal transducer
and activator of transcription 3, and aquaporin
[15,17,18]
3
. These form the basis of drug resistance in
GC and provide a molecular target for identification
and isolation of GCSCs, and GCSC-targeted therapy.
Treatment for GC patients is currently suboptimal,
due to patients being commonly treated in a uniform
[19]
fashion irrespective of disease subtype .

(ALDH)1, and more recently, doublecortin-like kinase
[24,25]
1 and Lgr5
, which are well recognized in xenograft
models and some PC tissues. Further studies have
shown that these markers are often co-expressed at
metastatic sites or invading margins of PCSCs and
[23]
pancreatic ductal cancers , such as CD133/CXCR4
receptor, CD24/CD44/EpCAM and CD133. Although the
populations of PCSCs account for ≤ 1% of all PC cells,
they are involved in cancer relapse and resistance to
[26]
chemo- or radiotherapy . Thus, our ultimate goal
is to understand PCSCs further and explore potential
therapeutic targets for PC.

Liver cancer

Colorectal cancer

Liver cancer is the sixth most common cancer and
third leading cause of cancer mortality worldwide.
Liver cancer mainly falls into three types: hepato
cellular carcinoma (HCC) (90%), intrahepatic
[20]
cholangiocarcinoma, and mixed cell carcinoma .
Besides, there are many metastatic liver cancers
from other malignant diseases, such as lung cancer.
In Asia, especially in China, liver cancer is common;
mainly because of the escalating epidemic of chronic
[21]
hepatitis B or C infections . Therefore, exploring
optimal therapy for liver cancer is an important area of
research. Liver cancer stem cells (LCSCs) have been
isolated from liver cancer tissues. This has resulted in
progress in liver cancer diagnosis and evaluation of
prognosis and pathogenesis, despite constant debate
[22]
about the new surface markers of LCSCs . The
reported major LCSC markers include CD133, CD90,
epithelial cell adhesion molecule (EpCAM), OV6, CD44
[22]
and Nanog . Although some of the markers are also
expressed on the surface of other CSCs and normal
stem cells, detection of LCSC-specific molecules is
beneficial for diagnosis and evaluating and monitoring
treatment of liver cancer.

Colorectal cancer (CRC) is one of the most common
cancers worldwide, and affects > 1 million people,
[27,28]
resulting in about 715000 deaths in 2010
. In
China, CRC is the fifth most common form. Incidence
of CRC in China is lower than that in western countries,
but it has increased in recent years to become a
substantial burden, particularly in more-developed
[29]
areas . Treatment options for CRC are based largely
on cancer stage. Patients without distant metastasis
usually receive surgery as initial treatment. In patients
with advanced disease, CRC is rarely cured completely
due to drug resistance and recurrence, and patients
[30]
are not eligible for surgery . Therefore, understanding
of CRC formation and progression is urgently needed.
In addition to accumulation of genetic abnormalities
and dysregulation of gene expression, CRC stem
cells (CCSCs) also play important roles in CRC
carcinogenesis, promotion, metastasis and recurrence.
CCSCs share the same molecular signaling features
with normal stem cells, such as Wnt, Notch and
transforming growth factor-β, and differ in tumorigenic
[31]
potential . More importantly, isolation of CCSCs can
be achieved by screening subpopulations of CRC cells
based on one or more cell surface markers, including
CD133, CD166, CD44, CD24, β1 integrin-CD29, Lgr5,
EpCAM, ALDH1, Musashi RNA binding protein-1,
doublecortin-like and CAM kinase-like 1 (DCAMLK1)
[32-34]
or ephrin B receptors
(Table 1), which largely
contribute to the better stratification of prognosis and
treatment response, as well as the development of
new targeting strategies.

Pancreatic cancer

Pancreatic cancer (PC) is considered to be one of the
deadliest cancers, with almost uniform lethality despite
[23]
aggressive treatment . However, resistance to
conventional therapy and early distant metastasis are
still cause for unsatisfactory prognosis of PC patients,
even though there has been important progress in
the molecular, pathological and biological understan
ding of PC. Thus, there is an urgency to explore the
mechanisms of pancreatic carcinogenesis and tumor
recurrence and metastasis, and develop novel, targeted
therapeutic strategies. Recently, a small population
of tumor-initiating cancer cells, termed PC stem cells
(PCSCs), has been identified in many PC patients
and cell lines, and is responsible for tumor initiation,
[24]
progression and metastasis . Identification of PCSC
surface markers is crucial to isolate and characterize
PCSCs. So far, the identified molecular markers for
PCSCs include CD133, CD24, CD44, EpCAM, epithelial
specific antigen, c-Met, aldehyde dehydrogenase
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ONCOLYTIC VIROTHERAPY
The issue of which oncolytic viruses are to be
engineered to eliminate CSCs, and their mechanisms
of action have begun to be addressed. Current
viruses have a broad range of sources and categories,
including wild-type animal viruses, live virus vaccines,
and human virus mutants in which critical genes for
virus replication that are dispensable in cancer cells
have been deleted or mutated. These attenuated live
virus vaccines or modified viruses hold much promise
because they have been proved to be efficient against
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GD55 conferred higher adenovirus replication and
infectivity for liver cancer cells than did ZD55. We
also confirmed that ZD55 eliminated LCSCs (data
unpublished). The LCSC-like cells were enriched with
suspension culture and the properties of acquired
LCSCs were validated through detecting expression of
CSC-related transcription factors and receptors (e.g.,
Nanog, octamer-binding transcription factor 4, EpCAM
and DR5). Oncolytic virus ZD55 resulted in obvious
cytotoxicity and killing (the minimum cell viability
for Huh7 spheres is 26.7%) of LCSC-like cells, and
induced significant apoptosis (the maximum apoptosis
[40]
rate for Huh7 spheres is 60%) . We proceeded to
verify whether GD55 could also destroy LCSCs as
well as non-CSCs. Our results indicated that GD55
significantly elicited cytotoxicity and oncolysis in LCSClike cells enriched in suspension culture, and exhibited
more obvious killing than ZD55. GD55 induced marked
apoptosis of LCSC-like cells in vitro and in vivo, and
inhibited propagation of cells and angiogenesis in
[40]
xenograft tumor tissues . Thus, GD55 may represent
an attractive therapeutic agent for targeting LCSCs
with better clinical outcomes for HCC patients.
Studies of other targeting strategies for OncoAd
have also been pursued. Adenovirus tropism modi
fication by constructing chimeric virus capsid has been
used to overcome the lack of the host cell surface
coxsackie-adenovirus receptor (CAR) in tumor cells,
because most common adenovirus serotypes such as
Ad5 infect and enter cells through the fiber knob of the
[41]
[42]
viral capsid binding to CAR . Yu et al reported that
a new OncoAd, Ad5PTDf35, which is an Ad5 vector
with Tat-PTD modified hexon and 35 serotype fiber,
showed greatly enhanced transduction of primary
human cell cultures, including pancreatic islets and
tumor-initiating cells, compared to unmodified Ad5.
Therefore, this modified Ad5PTDf35 may be further
developed as an oncolytic agent for targeted CSC
therapy.
[43]
Xu et al
reported that oncolytic adenovirus
ZD55-mediated acetylcholinesterase (AChE) over
expression exhibited a potent anti-tumor effect
on GC. The results showed that the constructed
adenoviral vector ZD55-AChE inhibited GC cell and
GCSC growth, and low doses of ZD55-AChE induced
the mitochondrial pathway of apoptosis. ZD55-AChE
repressed tumor growth in vivo, and the anti-tumor
efficacy was greater than that of the replicationdeficient adenoviral vector (Ad-AChE). ZD55-AChE
represents a potential therapeutic agent for human
[44]
GC. Yano et al
investigated the efficacy of a
genetically engineered, telomerase-specific oncolytic
adenovirus, OBP-301, to mobilize the cell cycle and kill
+
quiescent CD133 CSC-like cells in human GC cells.
+
They found that OBP-301 efficiently killed CD133
GCSCs resistant to chemoradiotherapy. OBP-301
induced cell-cycle mobilization from G0/G1 to S/G2/M
phases and subsequent cell death in quiescent GCSCs
by mobilizing cell-cycle-related proteins. OBP-301

Table 1 Cancer stem cell markers of different gastrointestinal
cancers
Cancer types

CSC markers

Ref.

Gastric cancer

CD44, CD133, Lgr5, STAT3,
Aquaporin 3
CD133, CD90, EpCAM, OV6, CD44,
Nanog
CD133, CD24, CD44, EpCAM, ESA,
c-Met, Aldh1, DclK1, Lgr5
CD133, CD166, CD44, CD24, b1
integrin-CD29, Lgr5, EpCAM,
ALDH1, Msi-1, EphB

[15,17,18]

Liver cancer
Pancreatic cancer
Colorectal cancer

[22]
[24,25]
[32-34]

CSC: Cancer stem cell; Lgr5: Leucine-rich repeat-containing G-protein
coupled receptor 5; STAT3: Signal transducer and activator of transcription
3; EpCAM: Epithelial cell adhesion molecule; ESA: Epithelial-specific
antigen; Alkh1: Aldehyde dehydrogenase 1; DclK1: Doublecortin-like
kinase-1; Msi-1: Musashi-1; EphB: Ephrin-B.

tumor tissues, yet minimally toxic to normal cells and
[3]
tissues . Oncolytic viruses have also been armed
to deliver anti-cancer genes with different functions,
thereby increasing their anti-tumor effects.

Oncolytic adenovirus

In the past two decades, oncolytic adenovirus (OncoAd)
has become a promising agent for treatment of
many cancers including gastrointestinal cancer. The
cancer targeting gene-virotherapy (CTGVT) strategy,
which was proposed by our group through combining
virotherapy and gene therapy, showed greater anti[35,36]
tumor effects when compared with monotherapy
.
The representative modified mutant adenovirus,
ZD55, was designed by deleting the immediate-early
protein E1B (55 kDa) based on the CTGVT strategy
to target the p53 dysfunction pathway or nuclear
[10]
export of viral RNA in tumor cells . Other than E1B
detection, another common mutant of adenoviruses
is the 24 bp deletion of the E1A retinoblastoma (Rb)
binding site (∆24). Mutant adenoviruses show obvious
tumor selectivity because viral replication is promoted
in tumor cells with a defective Rb/p16 pathway
[37]
and abolished in normal cells with intact Rb/p16 .
Most cancer cells and CSCs harbor defects in the Rb
and/or p53 pathway, which makes it possible to use
OncoAd to eradicate the gastrointestinal cancer cells.
Besides, the transcription-targeted strategy has been
a common approach through using cancer or tissuespecific promoter to control the expression of viral
early essential genes for replication.
Recent studies have shown that the Golgi glyco
protein GOLPH2, usually named GP73, is an excellent
HCC marker candidate, and even its promoter activity
and specificity are better than the most common
[38,39]
liver cancer marker α-fetoprotein
. Our group con
structed a novel dual-regulated oncolytic adenovirus
GD55 targeting HCC, using the GP73 promoter to
regulate E1A expression and deletion of E1B based on
[10]
the CTGVT strategy . The novel GOLPH2-regulated
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mobilized quiescent CSC-like cells in tumor spheres
and xenografts into S/G2/M phases where they lost
viability and CSC-like cell properties and became
chemosensitive.

nically and clinically in LC, CRC and glioma. A recent
study has examined the ability of OncoHSV to kill CSCs
[51]
mainly from neural tumors. Kambara et al developed
an oncolytic HSV-1 mutant rQNestin34.5 which ex
presses ICP-34.5 under control of a synthetic nestin
promoter. Nestin is expressed in embryonic neuroglial
cells and has been used as a CSC marker in several
cancers including brain tumors, and rQNestin34.5
showed significantly more potent inhibition of tumor
[52]
growth compared with control virus in vivo . Further
studies found that rQNestin34.5 can infect and kill
[9]
neuroblastoma CSCs , implying that OncoHSV effi
ciently targets CSCs from gastrointestinal cancer.

Oncolytic herpes simplex viruses

As a neurotropic virus, oncolytic herpes simplex virus
(OncoHSV) has been investigated widely in preclinical
and clinical trials for patients with neurological
malignancies like glioblastoma and neuroblastoma,
and melanoma. In particular, the ﬁrst-in-class oncolytic
virus agent talimogene laherparepvec (T-VEC) is
a genetically modiﬁed, attenuated recombinant
HSV expressing granulocyte-macrophage colonystimulating factor (GM-CSF). It was authorized by the
US Food and Drug Administration and European Food
Safety Authority because T-VEC improved durable
response rate in patients with advanced melanoma in
[45]
a phase Ⅲ trial . T-VEC is also being tested in several
other cancers, such as digestive tract cancers, alone
and in combination with standard cancer therapeutics
[46]
and other immunotherapy agents .
Although OncoHSV was broadly utilized in clinical
trials on nervous system tumors, some studies have
shown its potential for killing gastrointestinal cancer
[47]
cells and CSCs. Yang et al
reported that OncoHSV
is an effective agent for colon cancer and exhibits
significant killing efficacy in colon cancer cells and
[48]
colon CSC-like cells in vitro and in vivo. Miao et al
designed a transcriptionally regulated OncoHSV,
YE-PC8, in which a cell-cycle-regulatable luciferase
transgene cassette was replaced with the infected cell
protein (ICP)6 coding region of the HSV-1 genome,
and found that intratumoral injection of YE-PC8
resulted in 77% and 80% tumor regression in human
glioma and human HCC xenografts, respectively. Thus,
YE-PC8 viruses confer tumor selectivity in proliferating
cells and may be developed further as a feasible
approach to treat human cancers. A report by Fong et
[49]
al
showed a phase Ⅰ trial of another multimutated
OncoHSV, NV1020, in patients with metastatic CRC
who had failed first-line chemotherapy via hepatic
arterial administration. The tumor size decreased,
median survival rate was prolonged, and levels of the
tumor marker carcinoembryonic antigen decreased
in patients after HSV infection, which suggested that
genetically engineered HSV can be delivered safely
into the human bloodstream to produce selective
infection of tumor tissues and biological effects. In
an earlier phase Ⅰ clinical trial, OncoVEXGM-CSF, a
second-generation OncoHSV, was administered by
intratumoral injection in patients with gastrointestinal
cancer who had failed prior therapy. The results
showed that OncoVEXGM-CSF was well tolerated, with
the main adverse effects being local inflammation,
erythema and febrile responses, and exhibited an anti[50]
tumor effect after delivery via a safe protocol .
Efficacy of OncoHSV has been demonstrated precli
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Oncolytic vaccinia virus

Vaccinia virus (VV) belongs to the poxvirus family,
and is famous because it was first utilized as a vaccine
against smallpox until its eradication worldwide.
Recently, oncolytic vaccinia virus (OncoVV) showed
potential as it was attenuated for use as a transfer
vector for therapy of human cancers. Two main
mutated OncoVVs were designed by deleting the
[53]
thymidine kinase (TK) gene or B18R gene . The TKdeleted OncoVV undergoes preferential replication in
dividing cells and shows tumor cell specificity, and the
DNA synthesis of mutant virus requires TTP, which
is only provided by dividing cells. The B18R-deleted
mutant virus has oncolytic capacity because it causes
interferon (IFN)-mediated enhanced virus inactivation in
normal cells, based on the effect of B18R gene against
[53]
type Ⅰ IFNs . Our group previously constructed a
tumor-targeted VV carrying SMAC/DIABLO gene,
which was knocked out in the region of the TK gene
(VV-SMAC). We found that VV-SMAC efficiently
infected and destroyed HCC cells via triggering both
[54]
caspase-dependent apoptosis and necroptosis . Our
data suggest that VV-SMAC is a potential candidate,
and combination of VV-SMAC and vinblastine may
[54]
provide a new avenue for treatment of HCC . To
date, several genetically modified OncoVVs delivering
various therapeutic genes have exerted obvious
anti-tumor effects in clinical trials, through targeting
cancer-specific antigens and inducing anti-tumor
[55]
immunity .
[56]
Recently, Yoo et al
reported that a cancerfavoring OncoVV (CVV) shows enhanced suppression
of stem cell-like colon cancer (SCC). The engineered
CVV is an evolved Wyeth strain of VV lacking TK,
and can successfully override drug resistance and
suppress SCC, with improved survival rates and
complete eradication of tumor mass. This can be
synergistically enhanced by simultaneous treatment
[56]
with the anticancer drug 5-fluorouracil . Chard et
[57]
al
investigated the anti-tumor efficacy of interleukin
(IL)-10-armed VV (VVLΔTK-IL10) in PC cell lines, mice
bearing PC xenografts, and a PC transgenic mouse
model. They found that VVLΔTK-IL10 has strong
potential as an anti-tumor therapeutic agent for PC.
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Table 2 Oncolytic viruses against gastrointestinal cancer stem cell
Oncolytic viruses
Adenovirus

HSV2
Vaccinia
Measles virus

Cancer types

CSC source

Effect

Description

Ref.

Liver
Pancrease, prostate
Gastric
Gastric
Colon
Colon
HCC, colon

CL
PC
CL
CL
CL
CL
PX

Susceptible
Susceptible
Mixed
Susceptible
Susceptible
Mixed
Susceptible

GP73 needed
Tat-PTD modified hexon and Ad5/35
AChE
OBP-301, telomerase-specific
No virus modification or co-therapies
Viral TK deficiency
Retargeted to CD133

[40]
[42]
[43]
[44]
[47]
[56]
[68]

CL: Cell line-derived spheres or cell lines sorted by marker expression; GP73: Golgi protein 73; HCC: Hepatocellular carcinoma; HSV: Herpes simplex virus;
PX: Primary xenograft; PC: Primary cancer cells sorted by marker expression; Tat-PTD: Protein transduction domain (PTD) from the HIV-1 Tat protein;
AChE: Acetylcholinesterase; TK: Thymidine kinase; NDV: Newcastle disease virus.

Another preclinical trial was performed using hamsters
as a PC model to assess the anti-tumor immunity
of another OncoVV armed with human GM-CSF,
which was selective for epidermal growth factor
receptor pathway mutation and tumor-associated
[58]
hypermetabolism . However, their cytocidal effect
on PCSCs needs further study. Although there are few
reports about OncoVV inhibiting gastrointestinal CSCs,
many OncoVV constructs exhibit excellent anti-tumor
effects targeting CSCs from ovarian cancer, glioma and
[59]
lymphoma .
OncoVV JX-594, derived from Wyeth strain VV
and genetically modified to delete the TK gene and
express human GM-CSF gene, has entered into
phase Ⅲ clinical trials because of its excellent antitumor efficacy. JX-594 was first modified to augment
the intrinsic targeting and oncolytic potential of VV
and to enhance anti-tumor immunity by GM-CSF
[60]
expression . Several clinical trials using JX-594
have shown functional anti-cancer immunity, tumor
necrosis, and improved survival through multiple
mechanisms and injection pathways in primary HCC
[61,62]
and other metastatic gastrointestinal cancers
.

group. In addition, the clinical benefit was shown in
patients with unresectable colorectal, stomach, liver
and pancreatic cancers after treatment with NDV
vaccine, suggesting its promising future.

Measles virus

The attenuated strains of measles virus (MV) have
been shown to infect and kill a large variety of tumor
cells specifically but not normal cells in phase Ⅰ clinical
trials. The most common Edmonston strain of MV has
shown clinical benefits for treating diverse solid cancer
[67]
types, including lymphoma and myeloma . Bach
[68]
et al
designed oncolytic MV retargeted to CD133,
termed MV-141.7 and MV-AC133, which infected and
+
selectively eliminated CD133 cells from tumor tissue,
and showed strong anti-tumor effects and prolonged
survival in mouse models of human HCC and colon
cancer. This virus is currently being assessed as an
oncolytic agent in clinical trials (Table 2). Another
study armed and retargeted MV through the prostate
stem-cell antigen expressed on PC but not on nonneoplastic tissue, and obtained beneficial therapeutic
effects in a PC xenograft model and PC cells, including
gemcitabine-resistant pancreatic adenocarcinoma
[69]
cells .

Newcastle disease virus

Newcastle disease virus (NDV), an avian paramy
xovirus type 1, is an attractive oncolytic agent for
cancer virotherapy. The mechanisms of NDV-mediated
cytotoxicity in cancer cells include the dominant role
of apoptosis induction by caspase pathway activation,
and indirect anti-cancer activity by activation of both
[63]
innate and adaptive immune responses . Although
no specific studies have reported the effect of NDV
on CSCs, there are several completed and ongoing
clinical trials using NDV-based tumor vaccines and
direct administration of naturally occurring NDV to
[64]
patients with gastrointestinal tumors . For most
treatment of CRC, attenuated NDV Ulster strain
exerted obvious prolonged survival with 97.9% 2-year
[65]
survival compared to 73.8% in the control group .
[66]
Liang et al reported a clinical study of an autologous
NDV-modified tumor cell vaccine in a phase Ⅲ study
of stage Ⅰ -Ⅳ CRC patients and found significant
improvement of median overall survival in the vaccine
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Myxoma virus

Similar to VV, myxoma virus (MYXV) is a doublestranded DNA virus from the Poxviridae family. The
natural host of MYXV is rabbits, which makes MYXV
only pathogenic to European rabbits and it does not
cause any human diseases. MYXV has been shown
to infect human cancer cells and result in cytotoxicity
through Akt activation via interaction with a viral
[70]
ankyrin-repeat host range factor . Akt is the key
factor of the PI3K/Akt pathway, which plays a critical
role in cancer development and regulating the survival
[71]
of CSCs in medulloblastoma following radiation ,
suggesting that MYXV is a potential therapeutic agent
for eradication of CSCs. To date, several preclinical
studies have proven that MYXV is an attractive can
didate oncolytic virus that could be developed as a
promising oncolytic agent for PC, where activated Akt
[72,73]
signaling is often up-regulated
. In PC cell lines and
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disseminated PC models, MYXV was shown to inhibit
tumor growth, prolong survival and act synergistically
[74,75]
with gemcitabine therapy
. However, further
evaluation of MYXV in other gastrointestinal cancers
and CSCs is warranted.

attenuated form of the virus, rVSV(MΔ51), which has
a single amino acid deletion of methionine-51 of the
matrix protein to provide additional protection for
normal cells by restoring IFN-mediated responses,
exerts robust cellular inflammatory responses and
[89]
cytotoxicity in HCC lesions . The safety of oncolytic
VSV delivering IFN β gene was further demonstrated
by intrahepatic or intratumoral injection in rodents
[90]
and non-human primates . This implies that VSV
can be developed as an effective and safe oncolytic
agent to treat advanced HCC patients in the future.
Although numerous studies have convincingly shown
the ability of rVSV to inhibit tumor growth in CRC, HCC
[91]
and PC , whether rVSV is able to target and kill CSCs
remains unknown. Reports that an engineered VSV
variant could target Her2/neu-overexpressing breast
[3,92]
CSCs
bring greater understanding of the biology
and molecular mechanisms of VSV.

Reovirus

Reovirus is a double-stranded RNA virus, and is consi
dered an orphan virus due to its ubiquitous nature and
absence of severe pathophysiology. Reovirus infects
the respiratory or gastrointestinal tract, but infection
is asymptomatic and considered benign, implying
that reovirus exhibits cytopathic effects and oncolytic
[76]
potential in cancer cells . Furthermore, activated Ras
signaling contributes to tumor-specific viral replication
[77]
and oncolysis of reovirus . Currently, oncolytic reovirus
is used widely to treat Ras-activated gastrointestinal
cancers in vitro and in vivo, which causes apoptosis of
TRAIL-resistant GC cells by down-regulation of Akt and
[78,79]
inhibition of peritoneal metastasis
. In particular,
reolysin, a novel reovirus-based agent, induced en
[80]
doplasmic reticulum stress-mediated apoptosis in PC
and prolonged overall survival in a phase Ⅰ trial of
[81,82]
recurrent glioma
. Although there are few reports
of reovirus in gastrointestinal CSCs, research in breast
CSCs and glioblastoma stem-like cells has yielded
[83,84]
promising results
.

Alphavirus M1

Alphavirus M1 virus is a naturally occurring alphavirus
and an arthropod-borne togavirus, which was isolated
from culicine mosquitoes by the Yan group on Hainan
[93]
Island, China . The novel alphavirus M1 possesses the
features of oncolytic viruses and can induce apoptosis
of malignant glioma cells via down-regulation and
nucleolar translocation of p21WAF1/cyclin-dependent
[93]
kinase inhibitor 1 or CDK-interacting protein 1 (CIP1) .
It was recently found that M1 can target cancer cells
deficient in zinc-finger antiviral protein and has potent
oncolytic efficacy and high tumor tropism in LC in vitro,
[94]
in vivo and ex vivo . The studies provide a novel
insight into potentially unknown oncolytic viruses for
further cancer therapy.

Vesicular stomatitis virus

Vesicular stomatitis virus (VSV) is a negative-sense,
single-stranded RNA rhabdovirus. VSV mainly infects
livestock as an animal pathogen and is usually
asymptomatic in humans and only rarely causes a flulike syndrome. VSV is highly sensitive to IFN response,
which makes VSV as an ideal naturally oncolytic agent
for cancer cells with a deregulated IFN response, but
[59,85]
having no effect in normal cells
. Another study
reported that VSV exhibits effective oncolytic activity
and apoptosis induction in tumor cells with aberrant
[86]
p53, Ras, or myc function . This indicates that VSV
is an optimal candidate as an oncolytic agent because
most gastrointestinal cancers have the above aberrant
signaling pathways.
Metastasis of CRC is incurable with currently
available treatments. Recombinant VSV-GFP is able
to replicate extensively in CRC cells and lyse hepatic
[87]
metastasis of CRC in immunocompetent mice .
Recombinant VSV (rVSV) vectors expressing a mutant
(L289A) NDV fusion protein, rVSV-NDV/F(L289A),
was effective in treating a multifocal CRC liver
metastasis model through repeated hepatic arterial
[88]
administration . The results indicate that VSV can
be an effective and safe oncolytic agent against
hepatic CRC metastasis and may be developed for the
treatment of cancer patients in the future. However,
oncolytic VSV is toxic in animals when administered
systemically at high doses. Its safety can be improved
by an MΔ51 deletion in the viral genome. A mutant
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IMMUNOGENIC EFFECTS OF
VIROTHERAPY AND POTENTIAL FOR
COMBINATION WITH IMMUNOTHERAPY
Although the mechanisms of carcinogenesis and cancer
development and their relationship with CSCs have
not been clarified, the CSC theory in diverse cancer
types, including gastrointestinal cancer, is supported
by increasing evidence. Studies have testified that
a few subpopulations of CSCs derived from tumor
tissues are tumorigenic and able to generate the bulk
of non-tumorigenic tumor cells. With the isolation,
identification and characterization of CSCs, many
new targeting therapy strategies have been shown
to target CSCs to prevent cancer recurrence and
[3]
metastasis to secondary organs . Oncolytic viruses
are considered to have therapeutic potential because
they can eradicate CSCs through broadening the
permissiveness for viral replication to CSCs, and their
unique molecular mechanisms.
There are some limitations hampering the efficacy of
oncolytic virotherapy for CSCs when it is performed by
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intravenous administration. These drawbacks include
liver or spleen trapping, clearance of viral particles
by neutralizing antibodies, impact of tumor microenvi
ronment or niche on viral replication, activated cellular
immune response against viral infection, and virusinduced inflammatory response. To overcome these
obstacles, recent efforts have been made towards:
(1) isolation and identification of gastrointestinal CSCspecific markers and design of new engineered viruses
to enhance potency; (2) PEGylation of oncolytic
viruses, and use of cells or nanoparticles as potent
[95]
vectors for oncolytic virus delivery ; (3) modification
and disruption of the tumor vasculature to suppress
[96]
the pernicious environmental conditions ; (4)
combinatorial strategies with viruses, therapeutic
genes and chemo- or radiotherapy with a mechanistic
[97]
rationale ; (5) transient immunosuppression to
[98]
improve the efficacy of oncolytic virotherapy ; and (6)
use of gastrointestinal CSC-derived models in oncolytic
[97]
virus evaluation .
With the advent of a new era of cancer immuno
therapy, the checkpoint inhibitors such as cytotoxic
T-lymphocyte antigen (CTLA)-4, programmed cell
death protein-1 and programmed death-ligand (PD-L)1
have shown promising results in gastrointestinal
cancer patients with tumor regression, and have
[99]
prolonged survival . In particular, chimeric antigen
receptor therapy, a personalized therapeutic approach
that involves genetically modifying patients’ T cells
with tumor antigen receptor to target tumor cells,
has yielded encouraging results in leukemia, up to
[100]
complete remission
. Besides tumor cytolysis and
growth inhibition, oncolytic virotherapy also promotes
an immune response against distant niduses due
to production of cytokines and release of tumor
[101]
antigens
. Therefore, the combinatorial strategy of
oncolytic virotherapy and cancer immunotherapy may
synergistically boost the anti-tumor response as well.
Actually, the practice of combining oncolytic viruses
and immunotherapy is still ongoing in the following
two aspects. The common strategy is the design of
oncolytic virus vectors encoding immuno-related genes
such as antibodies against CTLA-4, PD-L1 and GM-CSF,
[102]
which show therapeutic benefits
. Another hopeful
approach is combined therapy with oncolytic viruses
and immune cells such as cytokine-induced killer cells
[103]
and dendritic cells .
Current preliminary data support the rationale
that oncolytic virotherapy has outstanding potential in
targeting CSCs in patients with gastrointestinal cancer.
The clinical benefit of the first OncoHSV T-VEC in
melanoma has spread to other oncolytic viruses, such
as OncoVV JX-594, and other types of cancer, including
[104]
gastrointestinal cancers . With the discovery of new
tumor antigens and CSC markers, new engineered
viruses can be developed to target entry receptors
specific to tumors and limit CSC function. The goals of
combination of oncolytic viruses and other therapeutic
methods (chemotherapy, radiotherapy, and especially
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immunotherapy) are to eradicate tumor progress
and CSCs and avoid systemic side effects in cancer
patients.
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Liver grafts from hepatitis B surface antigen-positive
donors: A review of the literature
Elisabetta Loggi, Fabio Conti, Alessandro Cucchetti, Giorgio Ercolani, Antonio Daniele Pinna, Pietro Andreone

Abstract

Elisabetta Loggi, Fabio Conti, Alessandro Cucchetti,
Giorgio Ercolani, Antonio Daniele Pinna, Pietro Andreone,
Dipartimento di Scienze Mediche e Chirurgiche, Università degli
Studi di Bologna, 40138 Bologna, Italy

The scarcity of available organs and the gap between
supply and demand continue to be the main limitations
of liver transplantation. To relieve the organ shortage,
current transplant strategies have implemented ex
tended criteria, which include the use of liver from
patients with signs of past or present hepatitis B virus
(HBV) infection. While the use of liver grafts from
donors with evidence of past HBV infection is quite
limited, some data have been collected regarding the
feasibility of transplanting a liver graft from a hepatitis
B surface antigen (HBsAg) positive donor. The aim of
the present work was to review the literature regarding
liver transplants from HBsAg-positive donors. A total
of 17 studies were identified by a search in Medline.
To date, HBsAg positive grafts have preferentially
been allocated to HBsAg positive recipients. The
large majority of these patients continue to be HBsAg
positive despite the use of immunoglobulin, and
infection prevention can only be guaranteed by using
antiviral prophylaxis. Although serological persistence
is evident, no significant HBV-related disease has been
observed, except in patients coinfected with delta virus.
Consistently less data are available for HBsAg negative
recipients, although they are mostly promising. HBsAgpositive grafts could be an additional organ source
for liver transplantation, provided that the risk of
reinfection/reactivation is properly prevented.
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Core tip: Organ shortage is the main problem of liver
transplantation, and the use of marginal grafts could
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This work aims to review the literature regarding
liver transplants from HBsAg-positive donors to assess
the risk of the procedure for patients and graft survival
based on donor-recipient features as well as the
peculiarities of management.

increase the donor pool. Data accumulated to date show
that hepatitis B surface antigen-positive grafts could be
an additional organ source for liver transplantation. The
requirements that have to be fulfilled are the lack of
a significant hepatitis B virus-disease of the graft, and
the use of a proper prophylactic regimen, which is now
largely available.

HBsAg-positive donor and Liver
Transplantation

Loggi E, Conti F, Cucchetti A, Ercolani G, Pinna AD, Andreone
P. liver grafts from hepatitis B surface antigen-positive
donors: A review of the literature. World J Gastroenterol 2016;
22(35): 8010-8016 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i35/8010.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i35.8010

Our search was performed on Medline/PubMed using
the search terms ‘‘HBsAg positive liver donor”, “HBsAgpositive” “graft” and “liver transplantation,” and only
papers published in English were selected. Two authors
(Elisabetta Loggi and Fabio Conti) reviewed the lite
rature independently. The search was carried out in
February 2016 without a lower limit on the search
and was restricted to peer-reviewed, full-text English
language publications. The described search retrieved
315 abstracts. From them, 17 original research articles
about liver transplantation using grafts from HBsAg
positive donor were identified and selected.
The first pioneering experience was performed in
the pre-antiviral era and involved a HBV-seronegative
paediatric recipient who was transplanted with a liver
from an HBsAg-positive donor due to an urgent need
[12]
for re-transplant . The choice was made because
the patient’s condition was life threatening. In the
absence of prophylaxis, the patient tested positive for
HBsAg after the LT, and the HBV infection rebounded
clinically seven months later. The condition was
managed by reducing immunosuppressive therapy
and administering ciprofloxacin. Despite the difficult
situation, the last observation reported loss of serum
HBsAg and stable condition 2 years after LT.
After the introduction of effective combined prophy
laxis with Lamivudine and Hepatitis B Immunoglobulin
(HBIg), the first use of HBsAg-positive grafts was
described from an Italian group that allocated three
organs to three HBV-infected recipients, 2 of them
[13]
with Hepatitis Delta virus (HDV) coinfection . PostLT, the HBsAg persisted in all recipients, despite HBIg
administration. The HBsAg persistence appeared to
favour HDV superinfection, which in turn caused rapidly
progressive liver disease, requiring retransplantation
in one case. Only the HBV mono-infected recipient
[13]
experienced an uneventful post-LT course . This
preliminary experience, although performed on a
small case series and largely unsuccessful, revealed
some critical observations useful for the subsequent
management of these types of organs. First, HDV
coinfection in the recipient should represent a primary
contraindication for the use of an HBsAg-positive
liver. The persistence of HBsAg coupled with the
viral suppression mediated by Lamivudine likely
acts synergistically to give HDV the opportunity to
replicate and rapidly cause liver injury. Second, HBIg
fails to control HBsAg when it’s derived from a double
source (donor and recipient). Moreover, the report

INTRODUCTION
Since the first liver transplant operation, performed
by Thomas Starzl in 1963, significant advances have
been made in liver transplantation (LT), which has
become a standard procedure for clinical conditions
[1,2]
in which LT is the only therapeutic option . These
remarkable efforts have resulted in excellent survival
rates, which currently exceed 80% at 1 year, and out
[3]
comes continue to improve . Over the past decade,
improvements in the treatment of viral hepatitis and
modifications in the life styles have produced substantial
changes in the indications for LT. While hepatitis C
(CHC)-related disease remains the leading indication,
a significant reduction has been observed in hepatitis
B (CHB)-related cirrhosis, even in hyperendemic
[4]
areas . In contrast, the number of metabolic end
stage liver disease cases requiring LT is progressively
[5,6]
increasing . Globally, the need for liver grafts is still
high, and since the early 90’s, it has been increasing
progressively, which in turn has widened the gap
[7]
between organ supply and demand . According to the
last UNOS report in 2014, the number of recipients
on the waiting list is more than twice the number of
performed transplants (data available on https://optn.
transplant.hrsa.gov/data/).
The organ shortage is forcing the search for
additional sources, in particular the use of so-called
marginal grafts, namely organs carrying a risk of
impaired function, or at risk to transmit infections and
[8,9]
malignancy . This latter category includes grafts from
donors with serological evidence of hepatitis B virus
(HBV) infection. Based on the worldwide prevalence
of HBV “past” and present infection (2 billion and 350
million subjects, respectively), this procedure may
significantly relieve organ scarcity, especially in highlyendemic countries. While the use of liver grafts from
donors with past HBV infection (HBcAb-positive only)
[10,11]
is a relatively common procedure
, the use of
grafts from donors with chronic HBV infection (HBsAgpositive) is much more limited.
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underlines the importance of transplanting a liver
free of significant disease. Although the histological
assessment was suggestive of minimal disease, it
should be noted that all three donors exhibited a slight
elevation of the international normalized ratio and
mild thrombocytopenia, raising some doubts on the
presence of an inactive carrier status. To confirm these
findings, a subsequent case report describes a very
similar clinical outcome with a HDV/HBV coinfected
recipient after transplant with an HBsAg-positive
graft. In this case, the antiviral prophylaxis was also
Lamivudine plus Adefovir (switched to Tenofovir later)
coupled with a 48-wk course of Pegylated interferon.
This treatment failed to prevent HDV reinfection,
resulting in decompensated liver disease and the need
[14]
for retransplantation .
A completely different scenario emerged when
HBsAg-positive grafts were allocated to recipients
without HDV. Several case reports describe the
transplantation of grafts from HBsAg-positive donors
[15,16]
into recipients with HBsAg-positive cirrhosis
as
[17]
well as in one case of HCV coinfection . Interestingly,
in two of these cases, living donor liver transplantation
[15,16]
was performed
. This procedure is prominent
in East Asia, where brain-dead donors were largely
unavailable, and where the chance of finding a HBV[18]
infected donor is relatively high . In both cases, the
donors had an inactive HBV infection and combined
antiviral prophylaxis (HBIg and Lamivudine) was
started at transplant. The post-transplantation course
[15]
was completely uneventful in one case . The other
case was complicated by HBV reactivation that
required the reinforcement of antiviral treatment. At
the last follow-up, performed at 4 and 5 years after LT,
both recipients were reported to be in stable clinical
and virological conditions, despite the persistence
of HBsAg. Moreover, neither donor experienced
exacerbation of their liver disease at the last available
[16]
follow-up .
By learning the key findings from the broader
experiences in the setting of HBcAb-positive trans
plantation, the general suggestion is to allocate these
organs to recipients with HBV-related liver disease, also
for issue of management: indeed, the HBsAg positive
patients require life-long anti-HBV treatment anyway,
[11,19-21]
regardless of type of graft
.
However, some evidence suggests that the setting
of an HBsAg-positive graft defines a different situation.
In a recent case series, we described a clear dichotomy
between HBsAg-positive and HBsAg-negative re
[22,23]
cipients in terms of viral control
. In particular,
patients with chronic HBV infection before LT, even
when treated with nucleos(t)ide analogues and HBIg,
were unable to clear the virus. Conversely, patients
with a past HBV infection (HBcAb-positive only) even
cases of HBsAg reappearance, were able to re-evoke
their effective specific immune response, leading to
spontaneous HBsAb production and HBsAg-loss. In
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these cases, passive prophylaxis was not required, and
antiviral treatment could be discontinued. The re-use
of memory response in these cases could be assumed
indirectly by the fact that only response restricted
to self or matched HLA alleles were detected in our
[23]
experimental system . These findings allowed us to
conclude that patients with a previous HBV immune
control (HBcAb-positive or both HBcAb- and HBsAbpositive) are likely the best candidates to receive an
HBsAg-positive liver graft.
The feasibility of using an HBsAg-positive graft
was further reinforced by additional data derived from
[24-26]
several case series
, where a total of 16 HBsAgpositive recipients received a graft from HBsAgpositive inactive carriers (Table 1). Among them, all
but two remained HBsAg positive and, for this reason,
HBIg was discontinued within the first month post[26]
LT. In two patients a HBsAg loss was achieved .
Some patients experienced HBV reactivation shortly
post LT or viral rebound due to tyrosine-methionineaspartate-aspartate motif mutation (rtM204I and
rtM204V); however, all of these events were success
fully controlled by switching or adding Adefovir to
Lamivudine therapy. Three deaths were reported,
but were not ascribed to HBV. However, one of the
causes was hepatocellular carcinoma (HCC), so, in our
opinion, this may have been related to HBV. The last
available follow-up, obtained at a variable time after LT,
reported stable clinical conditions and viral suppression,
with no evidence of active hepatitis at the histological
assessment.
More recent studies report data obtained in larger
sample sizes that are not exclusively Asian, which
dominated the first anecdotic experiences (Tables 1
and 2). A retrospective analysis of the clinical outcome
of 23 HBV-infected patients who received a HBsAgpositive graft led to the conclusion that this procedure
is safe, although 3 patients died due to recurrent HCC
[27]
within 2 years post-LT .
[28]
Saidi et al
reviewed the LT outcome data in
United States using the United Network for Organ
Sharing (UNOS) database, showing similar survival
of both the graft and the patient between the 92
recipients of HBsAg-positive grafts vs recipients
of HBsAg-negative grafts. The study population
consisted largely of patients requiring LT for HBVrelated disease (74%). Of note, the authors reported
that the HBV infected graft was more frequently
used in MELD exceptional cases, as predicted for a
marginal graft. Similar approaches, using the UNOS
database as a source, collected the outcome data
of all consecutive transplant patients in the United
[29,30]
States from 1987 to 2010
. In the study by Li,
among the 92157 patients undergoing LT, 78 HBsAg[29]
positive graft recipients were selected . Each of them
was then matched with 4 recipients of an HBsAgnegative graft on the basis of demographics (donor
sex and recipient sex, as well as age at transplant),
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Table 1 Published studies with liver transplantation using hepatitis B surface antigen (+) positive donors in hepatitis B surface
antigen (+) recipients
Ref.

Patient No.

Franchello et al[13]

3

Ho et al[17]
Hwang et al[16]
Soejima et al[15]
Jiao et al[24]
Jang et al[25]
Bahde et al[14]

1
1
1
2
6
1

Loggi et al[23]

6

Choi et al[26]

8

Prophylaxis

Outcome at the last FU

Median
FU (mo)

Nucleos(t)ide
Analogue
LMV
LMV + ADV (n = 1)
LMV + ADV
LMV + ADV
LMV
LMV
LMV + ADV
LMV + ADV

HBIg

HBV disease

HBsAg

HBV-DNA

Yes

Persistence

No
Yes
Yes
Yes
Yes
Yes

No (n = 1)
Yes (HDV =2)
No
Mild
No
Mild
No
HDV cirrhosis

24
64
48
48
22.5
50

Yes

No

Persistence

Negative
HDVRNA +
Negative
Negative
Negative
Negative
Negative
Negative
HDVRNA +
Negative

Yes

No

Negative

25.5

Yes

No

NA
NA
Yes
No

NA
NA
No
No

Persistence (n = 6)
Loss (n = 2)
Persistence (n = 17)
Loss (n = 1)
NA
NA
Persistence
Persistence

Ju et al[27]

23

LMV + ADV
LMV + TDF
LMV (n = 2)
ETV (n = 6)
ETV

Saidi et al[28]
Li et al[29]
Yu et al[31]
Jeng et al[32]

68
15
38
13

NA
NA
Not specified
ETV

Persistence
Persistence
Persistence
Persistence
Persistence
Persistence

19

42

Negative

NA

NA
NA
Negative
Negative

NA
NA
NA
46

In HDV-coinfected recipients. HBIg: Hepatitis B immunoglobulins; LMV: Lamivudine; ADV: Adefovir; TDF: Tenofovir; ETV: Entecavir; FU: Follow-up;
NA: Not available.

disease stage (MELD and status of urgency), and
technical transplant aspects (warm ischemia time).
The outcomes comparison suggested similar graft and
patient survival rates. In addition, the causes of death
were similar in the two groups.
Interestingly, in this study, the patient population
was heterogeneous in term of aetiologies of liver
disease leading to LT; in contrast to the previously
described experiences, HBV infection represented the
minority in the group of recipients of HBsAg positive
grafts (19%).
Equally promising data were described in two
[31,32]
single transplant centres in China and in Taiwan
.
[31]
The first
compared the post-LT outcomes of a
group of 42 patients receiving HBsAg-positive grafts
with those of 327 recipients of HBsAg-negative livers.
There were no significant differences in the post-LT
course between the two groups. Also in this case,
the allocation policy for the HBsAg positive grafts
affected the preferential allocation of HBsAg grafts to
HBsAg-positive recipients (the percentage of HBVinfected patients in HBsAg-positive graft recipients was
90.5%). The study confirmed the persistence of HBsAg
after LT, and the uselessness of administrating HBIg
either at a high or low dosage. It is noteworthy that
the study included 10 HBeAg-positive grafts and that
the HBeAg status of the recipient was determined by
the donors, regardless of his pre-LT serologic profile.
However, no further details are provided in this specific
[32]
subgroup. The second work , which is the last paper
published on this specific issue to date, confirmed
the positive data, reporting an uneventful post-LT
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course without HBV reactivation. The peculiarity of this
study population is that, in addition to patients with
advanced liver disease, it also included subjects with
acute liver failure and variable but positive viremia at
the time of transplant.

CONCLUSION
There is accumulating evidence that the use of HBsAgpositive grafts could represent an additional and safe
organ source for liver transplantation and that the risk
of reinfection/reactivation can be efficiently prevented
or managed. To generate uniform recommendations for
the management of grafts from HBV-positive donors,
consensus guidelines were recently published by the
[10]
American and Canadian Society of Transplantation .
Consequently, the use of these organs can relieve the
organ shortage, especially in high-endemic areas.
This general statement is particularly significant in
the limited setting of experiences with HBsAg-positive
grafts, considering the following points: first, the data
generally arise from case reports or small case series,
and the large majority of them were obtained in
Asian populations; second, the post-LT management
was considerably heterogeneous in terms of immuno
suppressive or immunoprophylaxis protocols (Tables
1 and 2). Finally, these organs were first used in
urgent situations because of a lack of alternatives, and
consequently, the trend was to allocate HBsAg-positive
grafts to more compromised patients.
To date, HBsAg-positive liver grafts have been pre
ferentially given to HBsAg-positive recipients. HBsAg
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Table 2 Published studies with liver transplantation using hepatitis B surface antigen (+) positive donors in hepatitis B surface
antigen (-) recipients
Ref.

Patient
No.

Gonzalez et al[12]
Loggi et al[22]
Loggi et al[23]

1
1
4

Saidi et al[28]
Li et al[29]

24
63

Krishnamoorthi et al[30]
Yu et al[31]
Jeng et al[32]

15
4
1

Etiology of liver
disease

Crypto
HBV
HCV (n = 3)
PBC (n = 1)
NA
HCV (n = 34)
NASH (n = 2)
Alcohol (n = 6)
Other (n = 17)
NA
NA
HCV

Prophylaxis

Outcome at the last FU

Median
FU (mo)

Nucleos(t)ide
Analogue
NO
LMV
LMV
LMV + ADV
NA
NA

HBIg

HBV disease

HBsAg

HBV-DNA

Yes
No
Yes

Mild
No
Mild

Negative
Negative
Negative

Negative
Negative
Negative

NA
NA

Survival similar to controls
Survival similar to controls

NA
NA

NA
NA

24
18
42
(12-60)
NA
NA

NA
NA
ETV

NA
NA
No

Survival similar to controls
Survival similar to controls
No

NA
NA
Negative

NA
NA
Negative

NA
NA
12

Crypto: Cryptogenetic HBV cirrhosis; PBC: Primary biliary cirrhosis; NASH: Nonalcoholic steatohepatitis; FU: Follow-up; NA: Not available.

Finally, the availability of an effective hepatitis B
vaccine, which can be administered to non-immune
sexual partners of HBsAg positive graft recipients,
decreases the social impact of this procedure, which
has recently been raised as a concern for this kind of
[35]
transplant .
We think that, in addition to the heterogeneity, the
main limitation of the presented studies is the lack of
a longer follow-up. Even the studies showing UNOS
transplant data in a decennial time frame do not report
data on the oldest cases, or they cannot be interpreted
because they were performed in the pre-prophylaxis
[28-30]
era
.
A longer follow-up could help to define the
following major points: first, whether to carry a virusinfected graft under immune suppression exposes the
recipients of an increased risk of HCC; and second,
whether the need to continue the antiviral therapy
probably life long poses some safety issues.

persists long term, and HBIg administration is useless in
promoting HBsAg clearance. This fact generated some
concern in the first cases, where the prolonged use of
Lamivudine was thought to expose patients to the risk
of resistance; however, the high genetic barrier of the
nucleos(t)ide analogues currently available overcomes
this problem. Of note, these drugs have been proven
effective in preventing HBV reinfection in LT for HBV[33]
disease in HBIg-free regimens .
On the other hand, data regarding the use of
HBsAg-positive grafts in HBsAg-negative recipients is
lacking. The experience in this specific setting should
be reinforced in the near future because HBsAgnegative patients will continue to represent the large
majority of subjects on waiting lists that can benefit
from receiving these organs.
It should be underlined that additional tools are
now available for optimizing risk assessment and
monitoring the post-LT outcome. Among them, the
quantification of HBsAg levels, recently introduced
into regular clinical practice, can improve both the
assessment of the HBsAg-positive donor and the
outcome of the HBsAg-positive graft recipient. For the
donor, the absolute requirement for the HBsAg-positive
graft allocation is to utilize a liver without significant
disease. In addition to histological examination,
quantification of circulating HBsAg can provide higher
[34]
confidence in the inactive status of donor . For
the recipient, the quantification of HBsAg provides
information about the “entity” of reactivation, and in
the longitudinal assessment, it indicates the efficacy of
antiviral control by therapy.
Moreover, tools now available for monitoring the
recipient, including the assessment of liver fibrosis by
non-invasive techniques, can significantly simplify postLT monitoring in lieu of a liver biopsy. Furthermore,
the potency of antiviral therapy with high-genetic
barrier drugs represents a valid prevention strategy.
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Abstract
AIM
To evaluate mucosal baseline mRNA expression of
tissue transglutaminase 2 (tTG2), interferon gamma
(IFNγ), toll-like receptor 2 (TLR2) and Myeloid Differen
tiation factor 88 (MyD88) in patients with microscopic
enteritis (ME).
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METHODS
We retrospectively enrolled 89 patients with ME of
different etiology, which was defined within a 2-year
mean period of follow-up. Baseline histological
examination was performed on Hematoxylin-Eosin
stained sections and CD3 lymphocyte immunohis
tochemistry was used for intraepithelial lymphocyte
count (IELs). ME was defined according to the criteria
of Bucharest Consensus Conference. For each patient,
formalin embedded biopsy samples of the duodenum
referred to the period of ME diagnosis were retrieved.
Real-time polymerase chain reaction (RT-PCR) was used
to detect the amount of mRNA coding for tTG2, IFNγ,
TLR2 and MyD88, and the quantity was expressed as
fold change compared to controls. Control group was
represented by duodenal normal specimens from 15
healthy subjects undergoing endoscopy for functional
symptoms. Comparisons among continuous variables
were performed by One way analysis of variance
2
(ANOVA) and Bonferroni’s test. The χ test was used for
categorical variables. Pearson’s test was used to evaluate
correlations. Receiver operating curves were drawn for
all four markers to estimate sensitivity and specificity in
discriminating the development of CD and GS.

discriminate the development of CD from GS. MyD88
levels indicate that intestinal permeability is more
increased when a severe intestinal damage underlies
ME in both gluten related and unrelated conditions.
Therefore, the results of the present paper do not seem
to show a clear translational value.
Key words: Celiac disease; MyD88; Microscopic enteritis;
Gluten sensitivity; Tissue transglutaminase; Interferon
gamma; Toll-like receptor 2
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Microscopic enteritis (ME) is an inflammatory
condition, which is characterized by increased
intraepithelial CD3 lymphocytes in the duodenum and
can be due to both gluten and non-gluten related
diseases. It is often difficult to achieve a final diagnosis
in cases of ME, therefore the assessment of baseline
mucosal molecular pattern may be helpful. In this
study, we demonstrated that tissue transglutaminase
and interferon gamma may predict the development of
Celiac Disease more than Gluten Sensitivity with high
specificity, despite an expected low sensitivity.

RESULTS
After a period of follow up of 21.7 ± 11.7 mo, the
following diagnoses were achieved: gluten related
disorders in 48 subjects (31 CD; 17 GS) and non-gluten
related ones in 41 (29 Irritable Bowel Syndrome - IBS;
12 Others). CD patients had the highest tTG2 levels (8.3
± 4.5). The ANOVA plus Bonferroni analysis showed
that CD > Other ME > GS = IBS > negative controls.
A cut off value of 2.258 was able to discriminate
between CD and GS with a sensitivity of 52.94% and a
specificity of 87.1%. Additionally, CD patients had the
highest IFNγ levels (8.5 ± 4.1). ANOVA plus Bonferroni
demonstrated CD > Other ME > GS = IBS > negative
controls. A cut off of 1.853 was able to differentiate CD
and GS with a sensitivity of 47.06% and a specificity
of 96.77%. Patients with non gluten-related causes
of ME exhibited the highest TLR2 levels (6.1 ± 1.9)
as follows: Other ME > CD = GS = IBS > negative
controls. TLR2 was unable to discriminate CD from GS.
Patients with CD overexpressed MyD88 levels similarly
to non gluten-related causes of DL (7.8 ± 4.9 and 6.7
± 2.9), thus CD = Other ME > GS = IBS > negative
controls. A cut off of 3.722 was able to differentiate CD
from GS with a sensitivity of 52.94% and a specificity
of 74.19%. IELs count (15-25 and more than 25/100
enterocytes) strongly correlated with mRNA levels of all
tested molecules (P < 0.0001).

Losurdo G, Giorgio F, Piscitelli D, Montenegro L, Covelli C,
Fiore MG, Giangaspero A, Iannone A, Principi M, Amoruso
A, Barone M, Di Leo A, Ierardi E. May the assessment of
baseline mucosal molecular pattern predict the development of
gluten related disorders among microscopic enteritis? World J
Gastroenterol 2016; 22(35): 8017-8025 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i35/8017.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i35.8017

INTRODUCTION
Duodenal lymphocytosis (DL) is a condition charac
terized by a pathologic infiltration of lymphocytes in
[1]
the epithelium (IELs) of duodenal mucosa . It is not
a single entity, since several conditions may underlie
this picture. The main associated disorders may
be gluten related (Celiac disease - CD; Non celiac
gluten sensitivity - NCGS; and Wheat allergy - WA)
and non-gluten related (Irritable bowel syndrome IBS; infectious or parasitic diseases; autoimmune
disorders: vasculitides, connective tissue diseases
and inflammatory bowel disease; immunoglobulin
[2-8]
deficiencies; drug damage)
. Therefore, DL may
be considered as an “umbrella term” rather than a
single entity. Recently, the Bucharest Consensus has
proposed “Microscopic enteritis (ME)” as an alternative
term to DL, and has reviewed and standardized an
[9,10]
algorithm for its diagnosis and treatment
.
In the ME scenario, it is well known that CD is an
autoimmune enteropathy triggered by the ingestion
of gluten and represents the most common cause of

CONCLUSION
Our results confirm that a single marker is unable
to predict a discrimination among ME underlying
conditions as well as between CD and GS. Mucosal
high levels of tTG and IFNγ mRNA may predict the
development of CD more than GS with high specificity,
despite an expected low sensitivity. TLR2 does not
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[11]

intestinal malabsorption and villous atrophy . NCGS
[or simply gluten sensitivity (GS)] is a disorder showing
intestinal and extra-intestinal symptoms related to
the ingestion of gluten containing food, in subjects not
[12]
suffering from either CD or WA . It is an emerging
gluten related cause of ME and intestinal symptoms,
[13,14]
with an increasing rate of diagnosis
. However, the
spectrum of ME encompasses even non gluten-related
disorders. For instance, IBS may show increased IELs
[1,15]
as well as organic diseases
. For this reason, it is
often difficult to formulate a differential diagnosis in
ME, and the diagnostic iter may be long and time
consuming. This aspect is of relevance especially for
GS, whose diagnosis is essentially clinical. Moreover,
the clinical manifestations of GS often overlap with
[16,17]
IBS, and this is a diagnostic challenge
. A previous
experience of our group found that IELs count of 15-25
IELs/100 enterocytes, autoimmune thyroiditis, folate
deficiency and diarrhea may be predictive factors for
[18]
GS , but a reliable marker has not been discovered
yet despite the report that GS is characterized by the
[19]
upregulation of toll-like receptor 2 (TLR2) .
In our experience, a IELs infiltrate > 15 per 100
enterocytes paralleled an enhanced expression of proinflammatory cytokines, in particular interferon gamma
[20]
(IFNγ), in subjects with suspected seronegative CD .
Therefore, a pro-inflammatory status may underlie CDrelated ME and the intestinal assessment of baseline
mucosal molecular pattern could likely give useful
information about ME underlying conditions. In detail,
tissue Transglutaminase 2 (tTG2), IFNγ, TLR2 and
Myeloid Differentiation factor 88 (MyD88) have been
[19]
suggested as potential targets in this field . tTG2 is
the main autoantigen involved in the pathogenesis
of CD, and it has been demonstrated that it is over
[21,22]
expressed in the mucosa of patients with CD
. IFNγ
is a pro-inflammatory cytokine that is essential for
[23]
innate and adaptive immunity against infections .
Aberrant IFNγ expression is associated with a number
of autoinflammatory and autoimmune diseases, including
[24]
CD . TLR2 is a type of cellular receptor mainly invo
lved in innate immunity, which has been proposed
as a mediator of a potential inborn response to
[25]
gliadin . MyD88 is an adapter protein mediating
intracellular pathways triggered by TLRs to activate
[26]
the transcription factor NF-κB . Indeed, some gliadin
peptides may bind TLR2 and drive the production of
interleukin 1, a proinflammatory cytokine, through
[27]
the mediation of MyD88 . Moreover, the MyD88
was found to be a key protein mediating the release
of zonulin in response to gliadin, thus leading to an
[28]
increase of mucosal permeability in CD . Therefore,
an increase of MyD88 may be considered as a marker
of an alteration of intestinal barrier.
The aim of the present study was to investigate
the duodenal mucosal transcriptomic expression of
these four molecules in the prediction of ME underlying
disorders at baseline, before a 2-year follow-up mean
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period, and to assess their potential accuracy in
discriminating the development of CD and GS.

MATERIALS AND METHODS
Patients

We retrospectively enrolled 89 consecutive patients with
ME followed up for a mean period of two years until a
diagnosis was reached. ME was defined according to the
[9]
criteria of the Bucharest Consensus Conference .
Follow-up strategies which allowed achieving final
[18]
diagnosis have been described elsewhere . In detail,
CD was diagnosed if duodenal biopsy showed a micro
scopic picture of Marsh 1 or higher, along with the
positivity of IgA anti tissue transglutaminase 2 (anti[29]
tTG2) antibodies, according to current guidelines .
The diagnosis of GS was made according to the
[30]
Salerno criteria . Patients with IBS fulfilled the Rome
Ⅲ criteria and underwent a series of investigations
(serology for CD, full blood count, folate, vitamin B12,
serum protein electrophoresis with immunoglobulin
subclasses, stool investigations, fecal occult blood test,
calprotectin, urea/lactose/glucose breath test and, if
necessary, colonoscopy with random biopsy samples)
[31]
in order to rule out organic diseases . Finally, patients
with established non-gluten related cause of ME
(Helicobacter pylori infection, autoimmune disorders)
were included.
We excluded subjects with immunoglobulin defi
ciencies, which may show possible molecular dere
gulation of duodenal mucosa. A group of 15 dyspeptic
patients, undergoing upper endoscopy and duodenal
biopsy without ME, represented the negative control
group.

Histology and immunohistochemistry

For each patient, formalin embedded biopsy samples of
the duodenum performed at baseline were retrieved.
Histological examination had been carried out on
Hematoxylin-Eosin stained sections. Immunohis
tochemistry of CD3 lymphocytes had been performed
using monoclonal murine antibody (Novocastra Leica
Biosystems Ltd, Newcastle, United Kingdom), according
to the manufacturer’s instructions. In all subjects,
IELs were counted in a field containing at least 1000
enterocytes and expressed as number per 100 ente
rocytes. We selected biopsy specimens with at least
15 IELs/100 enterocytes to define ME, as established
[17,19]
in previous reports
. The count was executed in
the epithelial layer by two observers (DP and MGF)
in a blinded fashion. Collection and processing was
[32]
managed according to BRISQ recommendations .

Molecular analysis

Real time polymerase chain reaction (RT-PCR) was used
to detect the amount of mRNA coding for tTG2, IFNγ,
TLR2 and MyD88 in duodenal mucosa. As well-stated,
mRNA levels were expressed as fold-change compared
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System (Applied Biosystems). A standard curve plus
validation experiment was performed for each primer/
probe set. The reference gene was represented by
glyceraldehydes3phosphate dehydrogenase. Primers
and probes are reported in Table 1.

Table 1 Primers and probes
Tissue transglutaminase 2
Primer Forward:ATAAGTTAGCGCCGCTCTCC
Primer Reverse: CGGTGGCTCCTTCCACTG
Probe: GCCAGCCGCCAGTG
Interferon gamma
Primer Forward: CGCTTTACTTTATAGAAAACCTGGA
Primer Reverse: TCAATGAAGAGAACTTGGTCATTC
Probe: GCTTGAATCTAAA
Toll-like receptor 2
Primer Forward: CAAGATTCAAAGTATTTA
Primer Reverse: CCAGGTG CATTTAAAGA
Probe: TGCCCCTACTCAATCT
MyD88
Primer Forward: CAAGGCCTTGTCCCTGC
Primer Reverse: TCTGCCCTGCCTCCT
Probe: AGGCCCTGGGTGTGTGT

Statistical analysis

Comparisons among continuous data obtained in our
groups of patients were performed by one way analysis
of variance (ANOVA) and Bonferroni’s test as post‑hoc
2
analysis to compare head-to head each group. The χ
test was used for categorical variables. Values of P <
0.05 were considered significant. Receiver operating
curves (ROC) were drawn to estimate sensitivity
and specificity of tTG2, IFNγ, TLR2 and MyD88.
Correlations between IELs count, tTG2, IFNγ, TLR2 and
MyD88 were assessed by Pearson’s test. Diagnostic
agreement for the IEL count was tested by calculating
the weighted Cohen’s k coefficient interpreted in
accordance with the Landis and Koch benchmarks,
whereby a value of more than 0.8 indicated excellent
agreement. Statistical analyses were performed using
the statistical software GraphPad Prism version 5.00
for Windows (GraphPad Software, San Diego, CA,
United States).

to controls. The relative expression of the studied
‑ΔΔCT
gene levels was calculated with the 2
method.
RNA was extracted from at least 5, 10 µm sections
of paraffin block using the RNeasy FFPE Kit (Qiagen,
GmbH, Heidelberg, Germany), specifically designed
for the purification of total RNA from formalin-fixed
paraffin-embedded (FFPE) tissue sections, according
[33]
to a validated protocol . Five hundred microliters
(µL) of xylene were added to the sections to yield a
solution that was vortexed for 10s and then incubated
for 10 min at room temperature (25 ℃). This step
was repeated twice. Subsequently, 500 µL of absolute
ethanol was added and the novel solution was again
vortexed vigorously for 10 s and centrifuged for 2 min
at 11000 rpm in order to remove residual xylene. The
supernatant was carefully removed by pipetting without
disturbing the pellet. Finally, the mRNA concentrations
were estimated by ultraviolet absorbance at 260/280
nm. We performed the agarose formaldehyde gel
run to confirm the RNA integrity. Imaging analysis
after this procedure was performed with the Bio-Rad
Chemidoch Analyzer (Bio-Rad Laboratories S. r. l., Milan,
Italy). Aliquots of total mRNA (1 mg) were reversetranscribed using random hexamers and TaqMan
Reverse Transcription Reagents (Applied Biosystems,
Foster City, CA, United States) in a final volume of 50
µL. Two step reverse transcription PCR was performed
using the first‑strand cDNA with a final concentration
of 1 × TaqMan gene expression assay, i.e., the
analyzed molecules and glyceraldehyde 3 phosphate
dehydrogenase as reference gene (Applied Biosystems,
Foster City, CA). The final reaction volume was 25 µL
and analyzed in triplicate (all experiments were repeated
twice). A non template control (Rnase free water)
was included on every plate. Our method was further
validated by including in each assay fresh samples from
three normal patients, frozen at -90 ℃ until the analysis.
These samples were treated with the same technique as
the paraffin embedded samples, except for the paraffin
removal and rehydration procedures. Specific thermal
cycler conditions were employed using a real time PCR
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RESULTS
Patients baseline features

We enrolled 89 patients with ME. After the follow up
the following diagnoses were observed: 31 CD, 17 GS,
29 IBS and 12 other non gluten-related ME. Among
the 12 non gluten-related ME, 4 had small bowel
Crohn’s disease, 6 H. pylori infection, 1 scleroderma
and 1 lymphocytic colitis. The most relevant clinical,
demographic and histopathological characteristics
are summarized in Table 2. A good agreement
among pathologists was achieved (k = 0.86, 95%CI:
0.75-0.91). The IELs count, DQ 2 or 8 positivity and
the presence of weight loss, abdominal pain and
diarrhea were the most important discriminating factors
between CD, GS and non-gluten-related diseases (Table
2). Villous atrophy (Marsh 3 stage) was found in 14
out of 31 CD patients, Marsh 2 in 3 and Marsh 1 in 14
patients.

tTG2

The mucosal expression of mRNA-tTG2 is represented
in Figure 1A. In detail, CD patients had the highest
levels (8.3 ± 4.5) compared to GS (3.6 ± 2.7), IBS (3.5
± 1.8), other ME (5.3 ± 2.3) and negative controls
(1.001 ± 0.089). The ANOVA plus Bonferroni analysis
showed that CD > Other ME > GS = IBS > negative
controls.
The ROC curve analysis, displayed in Figure 1B
showed that a cut off of 2.258 was able to discriminate
between CD and GS with a low sensitivity (52.94%)
and a good specificity (87.1%; AUC = 0.804).
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Table 2 Main demographic, clinical and pathologic features of enrolled patients

Age
Sex (F/M)
IELs count
Weight loss
Abdominal pain
Diarrhea
Weakness
Headache
DQ 2-8
Iron deficiency anemia

Celiac disease
(n = 31)

Gluten sensitivity
(n = 17)

Irritable bowel syndrome
(n = 29)

Other ME
(n = 12)

Negative controls
(n = 15)

P value

34 ± 12
19/12
51.6 ± 10.6
19 (61.3)
25 (80.6)
21 (67.7)
14 (45.1)
2 (6.5)
29 (93.5)
8 (25.8)

34.3 ± 6.1
15/2
18.6 ± 4.9
7 (41.2)
16 (94.1)
6 (35.3)
8 (47.0)
7 (41.2)
10 (58.8)
2 (11.8)

36.2 ± 13.4
22/7
15.5 ± 5.1
4 (13.8)
28 (96.5)
29 (100)
8 (27.6)
4 (13.8)
11 (37.9)
2 (6.9)

34.7 ± 14.2
11/1
19.0 ± 7.6
6 (50)
8 (66.6)
6 (50)
3 (25)
0 (0)
0 (0)
8 (66.6)

32.6 ± 9.5
9/6
5.3 ± 1.5
0
0
0
0
0
NA
0

0.891
0.062
< 0.0011
0.0022
0.042
< 0.0012
0.092
0.732
< 0.0012
0.632

1

ANOVA test; 2χ 2 test for trend. NA: Not available.
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Figure 1 Pattern of mucosal expression of tTG2-mRNA in subjects with different causes of microscopic enteritis. A: ANOVA plus Bonferroni analysis showed
that CD > Other ME > GS = IBS > negative controls, aP < 0.05, cP < 0.001; B: ROC curve of CD vs GS comparison is reported. ROC: Receiver operating curves.

IFNγ

MyD88

TLR2

Correlation between IELs count and transcriptome
analysis

The mucosal expression of mRNA-IFNγ is displayed
in Figure 2A. We observed that CD patients had the
highest levels (8.5 ± 4.1) compared to GS (3.3 ± 2.8),
IBS (3.3 ± 2.6), other ME (4.6 ± 2.1) and negative
controls (1.001 ± 0.15). The ANOVA plus Bonferroni
analysis showed that CD > Other ME > GS = IBS >
negative controls.
The analysis of ROC curve (Figure 2B) showed that
a cut off of 1.853 was able to differentiate CD and
GS with a sensitivity of 47.06% and a specificity of
96.77%, with an AUC of 0.816.

The mucosal expression of mRNA-MyD88 is re
presented in Figure 4A. Patients with CD expressed
levels similar as non gluten-related causes of ME (7.8
± 4.9 and 6.7 ± 2.9), higher than GS (4.2 ± 2.3), IBS
(4.3 ± 2.4), and negative controls (0.99 ± 0.17). The
ANOVA plus Bonferroni analysis demonstrated that CD
= Other ME > GS = IBS > negative controls.
The analysis of ROC curve (Figure 4B) showed that
a cut off of 3.722 was able to differentiate CD and
GS with a sensitivity of 52.94% and a specificity of
74.19%, with an AUC of 0.712.

The mucosal expression of mRNA-TLR2 is represented
in Figure 3. Patients with non gluten-related causes
of ME were characterized by the highest levels (6.1 ±
1.9), greater than GS (3.1 ± 1.8), IBS (3.5 ± 2.0), CD
(4.1 ± 2.4) and negative controls (1.006 ± 0.18). The
ANOVA plus Bonferroni analysis showed that Other ME
> CD = GS = IBS > negative controls.
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In all cases, the IELs count correlated with mRNA
levels with a strong significance (P < 0.0001). The
expression of tTG2 directly correlated to IELs (r = 0.66,
95%CI: 0.53-0.76). IFNγ showed a similar pattern,
with an r = 0.56, 95%CI: 0.42-0.68. A less relevant,
despite significant correlation, was found for TLR2 (r

8021

September 21, 2016|Volume 22|Issue 35|

Losurdo G et al . Molecular pattern of microscopic enteritis

A

B

IFNg
a

15

c

100

c

10
Sensitivity

Fold change

IFNg: ROC curve
CD-GS

50

5

0

0

ls

E

20

40
60
100% - Specificity%

80

100

tiv

e

O

co

th
er

nt
ro

M

IB
S

ns
it
se
n

Ne

ga

Gl
ut
e

Ce
lia
c

di
se

as

iv
ity

e

0

Figure 2 Pattern of mucosal expression of interferon gammaγ-mRNA in subjects with different causes of microscopic enteritis. A: ANOVA plus Bonferroni
analysis showed that CD > Other ME > GS = IBS > negative control, aP < 0.05, cP < 0.001; B: ROC curve of CD vs GS comparison is reported. ROC: Receiver
operating curves.
[34,35]

infiltrate is a well known feature of GS and CD
, but
it has been described even in patients with duodenal
[36]
involvement in systemic disorders . IBS may show
an increased IELs infiltrate, thus confirming that it
[37]
cannot be considered only as a functional entity . In
a previous experience of our group, we demonstrated
a positive correlation between the amount of IELs
infiltrate and the mucosal expression of tTG2 and IFNγ
[20,38]
in patients with seronegative suspected CD
. In
the present study, moreover, we confirmed that IELs
infiltrate parallels mucosal molecular expression, more
markedly for tTG2 and IFNγ, but also for TLR2 and
MyD88. Therefore, our results demonstrate that ME
clearly underlies a local inflammatory status.
tTG2 is the main autoantigen involved in CD
[21]
pathogenesis , however it is an enzyme essential
for the process of wound healing and tissue repa
ration, since it is able to create crosslinks between
[39]
peptides . For this reason, tTG2 is over-expressed
not only in gluten-related disorders, but even in all
pathological conditions that induce mucosal injury, as
confirmed in the present study. In our analysis, we
reported that tTG2 has a good performance in the
comparison between CD and GS or IBS. This detail
could be useful especially in the subgroup of subjects
with IBS who show positivity of anti-tTG antibodies,
[40]
without histological evidence of CD . Moreover, our
result may explain the reason of a four-fold increased
[41]
risk of CD in subjects with IBS . A pattern similar to
tTG was found for IFNγ. Indeed, patients with CD show
the upregulation of IELs-secreted IFNγ. This ability has
been demonstrated even in peripheral T lymphocytes
of CD patients, which are able to produce high IFNγ
[42,43]
levels when stimulated by gliadin peptides
. For
these reasons, tTG2 and IFNγ could represent a
good diagnostic tool in gluten related-disorders. In
summary, we found a high specificity of tTG2 and IFNγ,
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Figure 3 Pattern of mucosal expression of toll-like receptor 2-mRNA
in subjects with different causes of microscopic enteritis. ANOVA plus
Bonferroni analysis showed that Other ME > CD = GS = IBS > negative
controls, aP < 0.05, bP < 0.01.

= 0.32, 95%CI: 0.13-0.48) and for MyD88 (r = 0.49,
95%CI: 0.33-0.63).

DISCUSSION
ME often represents a diagnostic dilemma, therefore
a careful algorithm should be applied in such cases
[9,18]
to achieve the final diagnosis
. IELs infiltrate re
presents the only common denominator; therefore,
in our series we selected only subjects showing IELs
levels higher than 15/100 enterocytes, independently
from ME etiology. This cut-off value was associated
with molecular mucosal changes suggestive of inflam
[20]
matory damage/repair in our experience . IELs
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Figure 4 Pattern of mucosal expression of MyD88-mRNA in subjects with different causes of duodenal lymphocytosis. A: ANOVA plus Bonferroni analysis
showed that CD = Other ME > GS = IBS > negative controls, bP < 0.01; B: ROC curve of CD vs GS comparison is reported. ROC: Receiver operating curves.

despite an expected low sensitivity, in discriminating
CD from GS development. The expression of these
molecules in GS has been poorly explored until now
and available data are controversial. Some reports
have shown an IFNγ overexpression in GS similar to
[44]
CD , while others described a marked increase only
[19]
in CD . In the present study, we have found that high
levels of IFNγ are more predictive of CD than GS.
TLR2 is a receptor involved in the innate immune
response against non-self antigens. It has been demon
strated that some gliadin peptides may bind such
receptor and address the production of interleukin 1,
a proinflammatory cytokine, trough the mediation of
[27]
MyD88 . Moreover, MyD88 was found to be a key
protein mediating the release of zonulin in response
to gliadin, thus leading to an increase of mucosal
[28]
[19]
permeability in CD . In a previous report , patients
with GS expressed higher levels of TLR2 than subjects
with CD. However, we found that ME had similar
baseline mRNA levels encoding for TLR2, independently
from the successive development of CD or GS within a
two-year period. Surprisingly, in our series, non gluten
related ME had the highest levels of TLR2. This finding
could be related to the deep deregulation of TLRs,
which has been described in IBD (a possible cause
of non gluten related ME). Indeed, such receptors
mediate the immune response against the microbiota,
a phenomenon that has been claimed as a trigger in
[45-47]
IBD pathogenesis
.
In regard to the molecular pattern of MyD88,
similarly to TLR2, we found that patients with non
gluten related causes of ME showed higher levels
than IBS and GS, but comparable with CD. This
finding suggests that a potential increase of intestinal
permeability may be more marked when a severe
intestinal damage underlies ME. On the other hand,
[48]
MyD88 has been poorly investigated in CD. Eiró et al

WJG|www.wjgnet.com

demonstrated that its increased expression paralleled
mucosal TLR4 in CD. Therefore, MyD88 overexpression
overtaking TLR2 may be explained by a MyD88independent pathway for TLR2 in CD, as described by
[25]
Junker et al .
In conclusion, our results suggest that a single
marker is unable to discriminate the development of
different ME underlying conditions as well as between
CD and GS. High mucosal levels of tTG and IFNγ mRNA
may predict the development of CD more than GS
with high specificity. TLR2 does not discriminate the
development of CD from GS. High MyD88 levels may
indicate that intestinal permeability is more increased
when a severe intestinal damage underlies ME (CD as
well as Crohn’s disease). Finally, a reliable marker for
GS diagnosis has not yet been found; however, further
studies need to be addressed to evaluate whether the
combination of different mucosal markers could help
the differential diagnosis with CD and support the
[49,50]
identification of doubtful cases of GS
. Therefore,
the results of the present paper do not seem to show a
clear translational value.
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Abstract

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of the Austin
Health Animal Ethics Committee (Project number A2011/04342).

AIM
To determine if manipulation of dietary advanced
glycation end product (AGE), intake affects nonalcoholic fatty liver disease (NAFLD) progression and
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whether these effects are mediated via RAGE.

to liver injury.

METHODS
Male C57Bl6 mice were fed a high fat, high fructose,
high cholesterol (HFHC) diet for 33 wk and compared
with animals on normal chow. A third group were
given a HFHC diet that was high in AGEs. Another
group was given a HFHC diet that was marinated in
vinegar to prevent the formation of AGEs. In a second
experiment, RAGE KO animals were fed a HFHC diet
or a high AGE HFHC diet and compared with wildtype
controls. Hepatic biochemistry, histology, picrosirius red
morphometry and hepatic mRNA were determined.

Leung C, Herath CB, Jia Z, Andrikopoulos S, Brown BE, Davies
MJ, Rivera LR, Furness JB, Forbes JM, Angus PW. Dietary
advanced glycation end-products aggravate non-alcoholic fatty
liver disease. World J Gastroenterol 2016; 22(35): 8026-8040
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i35/8026.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i35.8026

INTRODUCTION

RESULTS
Long-term consumption of the HFHC diet generated
significant steatohepatitis and fibrosis after 33 wk. In
this model, hepatic 4-hydroxynonenal content (a marker
of chronic oxidative stress), hepatocyte ballooning,
picrosirius red staining, α-smooth muscle actin and
collagen type 1A gene expression were all significantly
increased. Increasing the AGE content of the HFHC
diet by baking further increased these markers of liver
damage, but this was abrogated by pre-marination
-/in acetic acid. In response to the HFHC diet, RAGE
+/+
animals developed NASH of similar severity to RAGE
animals but were protected from the additional harmful
effects of the high AGE containing diet. Studies in
isolated Kupffer cells showed that AGEs increase cell
proliferation and oxidative stress, providing a likely
mechanism through which these compounds contribute
to liver injury.

Non-alcoholic fatty liver disease (NAFLD) is the
most common liver disease in the world and is
strongly linked to the burgeoning rates of diabetes
[1]
and obesity . Although most patients with NAFLD
are asymptomatic and do not develop clinically
significant liver injury, many progress to non-alcoholic
steatohepatitis (NASH), cirrhosis and liver cancer.
However, the host and/or environmental risk factors
that determine whether patients with simple hepatic
steatosis go on to develop NASH and its complications
[2]
remain unclear .
Advanced glycation end products (AGEs), also
known as glycotoxins, are a complex group of com
pounds that are formed when active sugar moieties
become bound to proteins causing browning and other
[3]
irreversible modifications . Foods that are highly pro
cessed or dry heated at high temperatures, such as
[4]
broiled foods, have particularly high AGE content .
However, they are also formed endogenously and this
occurs at an increased rate in diabetes, most likely
because of hyperglycaemia. There is now considerable
evidence that accumulation of AGEs are implicated in
the pathogenesis of diabetic renal, neurological, retinal
[5]
and vascular complications .
AGEs act on several receptors but the receptor
for advanced glycation end products (RAGE), a
member of the immunoglobulin superfamily of cellsurface molecules, is the best characterised of these
[6]
receptors . Engagement with RAGE, which in turn
increases inflammation and oxidative stress is thought
to be the main way in which AGEs impart these
[7]
pathogenic effects . This receptor is expressed in a
number of cell types, including endothelial cells, vascular
smooth muscle cells, peripheral blood mononuclear
[8]
cells, macrophages (including Kupffer cells) and HSCs .
A number of lines of evidence to suggest that, in
NAFLD, AGEs may be a “second hit” that contributes
to the progression from simple steatosis to NASH and
[9]
liver fibrosis . Several studies have shown that RAGE
plays a role in acute liver injury and that blockade of
RAGE can ameliorate toxic, ischaemic and cholestatic
[10-12]
liver damage
. In chronic liver injury, hepatic
[13]
expression of RAGE is significantly increased ,
and in NAFLD AGE levels correlate with the severity

CONCLUSION
In the HFHC model of NAFLD, manipulation of dietary
AGEs modulates liver injury, inflammation, and liver
fibrosis via a RAGE dependent pathway. This suggests
that pharmacological and dietary strategies targeting
the AGE/RAGE pathway could slow the progression of
NAFLD.
Key words: Advanced glycation end-products; Fructose;
Steatohepatitis; Non-alcoholic fatty liver disease;
Hepatic fibrosis; Oxidative stress
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A novel high fructose, high cholesterol diet
produces hepatic non-alcoholic steatohepatitis (NASH)
with fibrosis in 33 wk and increasing the Advanced
glycation end products (AGEs), content of this diet
via baking increases hepatic fibrosis whilst vinegar
marination decreases dietary AGE levels, abrogating
-/the harmful effects of AGEs. RAGE animals appeared
to be protected from the additional harmful effects
of a high AGE containing diet suggesting the central
role of RAGE in progression of NASH. Increased cell
proliferation and oxidative stress in isolated primary
Kupffer cells with the addition of AGEs suggests they
are an important mechanism in which AGEs contribute
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of fibrosis, leading to speculation that AGEs play a
[14]
primary role in disease pathogenesis . At a cellular
[15]
level, AGEs induces ROS via oxidative stress and this
is a significant mechanism underlying the pathogenesis
[16]
of NASH . Furthermore, diabetes, which increases
AGE formation RAGE expression and oxidative stress,
worsens the progression of fibrosis in a number of
[17]
human liver diseases, including NAFLD and hepatitis
[18]
C .
In a previous study, we showed that in a short
term methionine choline deficient (MCD) model
of NAFLD, a high AGE diet increased hepatic AGE
content and exacerbated liver injury, oxidative stress
and liver fibrosis and that AGEs produced RAGE
dependent profibrotic effects in activated hepatic
[19]
stellate cells (HSCs) . However, the relevance of
the MCD model to human disease is limited since
the metabolic profile of MCD fed animals is generally
[20]
the converse of human NAFLD . In contrast, longterm murine models based on a high-calorie diet high
in fat, fructose and cholesterol [high fructose, high
cholesterol (HFHC) diet], yield NASH associated with
[21]
many of the metabolic features of human NASH .
The aim of the current study was to explore whether
increasing dietary AGE consumption could precipitate
the development of NASH in a novel HFHC model of
NAFLD. We also performed complementary studies
in RAGE KO animals to determine the role of RAGE
signalling in our liver disease model.

that was marinated in acetic acid (vinegar 4% w/v)
prior to heating to prevent the formation of AGEs, as
[25]
is seen in Mediterranean style diets . In a second
experiment, RAGE KO animals were fed a HFHC diet
or a high AGE HFHC diet for 33 wk and compared with
WT controls. At the completion of each experiment,
insulin resistance was measured via HOMA-IR and
oral glucose tolerance testing (OGTT) performed as
[26]
previously described . Livers were harvested for
assessment of liver injury and serum alanine amino
transaminase (ALT) levels were measured by autoanalyser (Beckman Instruments, Fullerton, CA).

Production of AGEs

Dietary AGE content was increased by baking at 160 ℃
for 1 h which we have previously shown produces
[12]
an approximately 4 fold increase in AGE levels .
CML is the predominant AGE in food and the extent
of advanced glycation in the diet was assessed by
measuring CML content using high performance liquid
chromatography with fluorescence detection against
[27]
authentic standards of CML .
For cell studies, AGEs were prepared in vitro by
incubating bovine serum albumin (BSA, 50 mg/mL) with
0.5 mol/L glucose in 100 mmol/L sodium phosphate
buffer, pH 7.4. This was incubated at 37 ℃ for 6 wk,
followed by dialysis against phosphate buffered saline
(PBS) for 48 h at 4 ℃ to remove any free glucose.
AGE-BSA and BSA were then passed through an
endotoxin column (Detoxigel, Pierce, Rockford, IL,
United States) to remove any possible endotoxin
contaminants. The extent of advanced glycation was
assessed by CML levels with ELISA and by isotope
dilution, selected ion monitoring gas chromatography[12,27]
mass spectrometry
.

MATERIALS AND METHODS
Experimental design

Experiments were approved by the Austin Health
Animal Ethics Committee and performed according
to the National Health and Medical Research Council
(NHMRC) of Australia Guidelines for animal experi
mentation.
Male C57Bl6 mice (n = 10/group) were fed a
high fat, high fructose, high cholesterol (HFHC) diet
[Specialty Feeds SF11-109 (21% saturated fat, 10%
fructose, 2% cholesterol)] for 33 wk and compared
with animals on normal chow (Specialty Feeds
AIN93G). This is a novel dietary model combining
amounts of saturated fat (especially animal fats such
as ghee) and fructose to mimic unhealthy Western
[22]
diets . This model is different to other high fat diets
in that we gave amounts of fat actually consumed
[23]
by patients for a longer period to induce fibrosis .
Two percent cholesterol was incorporated as this has
been shown to be a critical driver for fibrosis in mu
[22]
rine dietary models of NASH
and 10% fructose was
added, both due to its prevalence in Western diet as
[24]
well as its potent ability to induce AGE formation
(See Supplementary materials 2). In two further
groups, the effects of further increasing dietary AGE
content by baking (described below), were studied
in animals fed normal chow and in animals fed the
HFHC diet. A final group was fed a baked HFHC diet

WJG|www.wjgnet.com

Liver histology

Paraffin embedded, paraformaldehyde fixed sections of
liver (4 µm) were stained with haematoxylin and eosin
and picrosirius red (Polysciences Inc. Warrington, PA)
for assessment of liver fibrosis and steatohepatitis by
an independent pathologist. The NAFLD Activity Score
(NAS) system was used to quantify steatohepatitis
using ten × 200 light microscopic fields in a blinded
[28]
fashion as previously described . Each field was
scored using the following criteria: For hepatic
steatosis: grade 0, no fat; grade 1, steatosis occupying
less than 33% of the hepatic parenchyma; grade
2, 34%-66% of the hepatic parenchyma; grade
3, more than 66% of the hepatic parenchyma; for
inflammatory cell infiltration: grade 0:none; grade 1,
1-2 foci/field; grade 2, 3-4 foci/field; grade 3, more
than 4 foci/field (steatosis 0-3, lobular inflammation
[28]
0-2, hepatocellular ballooning 0-3 and fibrosis 0-4) .
Collagen content of the liver was quantified histolo
gically using computerized quantification of picrosirius
[12]
red staining, as described previously . This was
assessed at × 100 magnification in a total of ten
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Kupffer cell experiments

Table 1 Primer and probe sequences used for real time qPCR
Gene name
IL-6

MCP1

TNFa

RAGE

alphaSMA

COL1A1

CTGF

Probe/
primer

Sequence

Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse

5-FAM ATTGCCATTGCACAACT-3
5-GGGAAATCGTGGAAATGAGAAA-3
5-AAGTGCATCATCGTTGTTCATACA-3
5-FAM-AATGGGTCCAGACATAC-3
5-GTCTGTGCTGACCCCAAGAAG-3
5-TGGTTCCGATCCAGGTTTTTA-3
5-FAM-TCACCCACACCGTCAG-3
5-GGCTGCCCCGACTACGT-3
5-TTTCTCCTGGTATGAGATAGCAAATC-3
5-FAM-CACAGCCCGGATTG-3
5-GCTGTAGCTGGTGGTCAGAACA-3
5-CCCCTTACAGCTTAGCACAAGTG-3
5-FAM-TGCCAGATCTTTTCC-3
5-GACGCTGAAGTATCCGATAGAACA-3
5-GGCCACACGAAGCTCGTTAT-3
5-FAM-ATCGACCCTAACCAAG-3
5-GACTGGAAGAGCGGAGAGTACTG-3
5-CCTTGATGGCGTCCAGGTT-3
5-FAM-C ACTGCCTGGTCCAGAC-3
5-GCTGCCTACCGACTGGAAGA-3
5-CTTAGAACAGGCGCTCCACTCT-3

Kupffer cells (KCs) were isolated from rat livers as
[30,31]
described previously
. Further details can be found
in Supplementary materials 1. KCs were cultured in
M199 medium (Invitrogen), supplemented with 10%
(v/v) FCS (foetal calf serum) containing 100 units/mL
penicillin and 100 µg/mL streptomycin (Invitrogen), at
37 ℃ in an oxygenated, humidified cabinet containing
5% CO2.
Twenty thousand KCs per well were plated in black
96 well plates at 37 ℃. The cells were incubated with
2′,7′-dichlorodihydrofluorescein diacetate (DCFDA)
(10 µmol/L, Sigma-Aldrich, St Louis, MO, United
States) for 30 min, and washed twice with PBS. The
cells were then treated with either AGEs or vehicle
BSA at physiological concentrations of 100 µg/mL.
Measurement of intracellular ROS generation was
performed using 2′,7′-dichlorodihydrofluorescein
[32]
diacetate (DCFDA) as described previously . Briefly,
fluorescence measurements were taken with excitation
and emission wavelengths of 485 nm and 520 nm
respectively on an Optima Microplate Reader (BMG
Labtech, Mornington, Australia).
KCs were assayed for their proliferative response
to AGEs using a BrdU cell proliferation assay (Roche
Applied Science, IN, United States) as per manu
facturer’s instructions. KCs were cultured in 96 well
plates, with 10000 cells per well and treated with BSA
and AGEs at 100 µg/mL.

fields per section (per animal), using computerized
quantification and results were expressed as proportion
of picrosirius red staining per field.

Assessment of hepatic oxidative stress

Superoxide anion and ROS are key mediators of
liver injury and cellular dysfunction associated with
the progression of fatty liver disease. Immuno
histochemistry for HNE, a marker of lipid peroxidation,
was performed on 4 µm sections of paraffin embedded
[12]
liver as previously described . The primary HNE
antibody (1:500 Alpha Diagnostic International, San
Antonio, Texas, United States) in 0.1% normal goat
serum with PBS was applied and then incubated with
biotinylated secondary goat anti-mouse antibody
(1/100) followed by incubation with avidin-biotin
horseradish peroxidase. Peroxidase conjugates
were subsequently localized using diaminobenzidine
tetrahydrochloride chromogen (Sigma-Aldrich, Sydney,
Australia). The relative positive staining in each group
was determined by computerized quantification
(MCID; Imaging Research, Ontario, Canada) at × 100
magnification (10 fields per animal).

Statistical analysis

Results are expressed as mean ± SE and analysed
by analysis of variance (ANOVA) and Student’s twotail, unpaired t-test where appropriate with Prism
5 software (GraphPad Software, San Diego, United
States). Data that were not normally distributed with
equal variance were log transformed prior to analysis.
P < 0.05 was considered significant.

RESULTS
Novel 33 week high fat, HFHC dietary model of NAFLD
produced both steatohepatitis and significant fibrosis

The HFHC diet was well tolerated and the initial body
weights of the experimental groups were similar.
All the HFHC groups (HFHC, HFHC baked and HFHC
baked + acetic acid) gained more weight, as expected,
over the 33 wk compared with normal chow mice,
and there was no final difference in weight gain, liver
weight or liver to body weight ratio among the HFHC
groups (Table 2). The daily weight of chow consumed
each day was the same in all the HFHC groups
The diet produced features similar to human NASH
with ballooning of hepatocytes and oxidative stress as
assessed by HNE accumulation and steatosis grade >
3 (Figure 1A-C), with significant increases in ALT and
lobular inflammation (Figure 1D and E). The diet also
induced hepatic fibrosis with the typical “river delta”
tendrils of lobular fibrosis seen in fibrotic human NASH

Quantitative real time PCR

Total RNA was extracted using TRI reagent (SigmaAldrich) and reverse transcribed to cDNA using a
[29]
protocol previously described . Gene expression
was normalized to the expression of the endogenous
control, ribosomal 18S. Each sample was run and
analysed in duplicate. The normalized values from
normal chow livers were used as the calibrator with a
given value of 1 and the other groups compared with
this calibrator. The gene probe, forward and reverse
primer sequences are detailed in Table 1.
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Table 2 Animal characteristics and metabolic findings

Normal chow
HFHC
HFHC baked
HFHC baked and acetic acid

Body weight (g)

Epididymal fat (g)

Liver weight (g)

Blood glucose (mmol/L)

OGTT (AUC)

35.4 ± 1.5a
43.4 ± 1.7
45.5 ± 1.2
44.6 ± 0.9

1.4 ± 0.2a
2.7 ± 0.2
2.8 ± 0.2
2.6 ± 0.1

1.3 ± 0.1a
3.7 ± 0.4
3.4 ± 0.5
3.6 ± 0.2

8.0 ± 0.7
8.2 ± 0.6
7.8 ± 0.3

654.1 ± 94.4
528.7 ± 65.2
506.2 ± 70.2

Data are mean ± SEM at 33 wk of normal chow or high fat high cholesterol feeding. aP < 0.01 vs HFHC groups. AUC: Area under the curve; OGTT: Oral
glucose tolerance test.

(Figure 2A). This was associated with an elevation in
profibrotic and proinflammatory cytokine expression
in the liver (Figure 2B and C, Supplementary materials
3). Thus using a combination of physiological amounts
of fat, fructose and a prolonged duration of feeding, a
reliable model of NASH with fibrosis was generated.
Importantly this diet did not result in insulin resistance
in any of the groups as measured by blood glucose
OGTT (Table 2).

content of the diet was reduced by acetic acid (Figure
1B). These findings implicate increased generation of
oxidative stress in the pathogenesis of AGE mediated
injury in this model.
We previously showed that AGEs increase activation
and proliferation of hepatic stellate cells and lead to the
[19]
production of ROS by these cells . However KCs are
responsible for hepatic AGE uptake and play a central
role in NASH pathogenesis. We therefore isolated
primary KCs to determine the effects of AGEs on these
key drivers of inflammation and injury in NAFLD.
As shown in Figure 4A, the generation of ROS by
isolated Kupffer cells, as measured by 2,3-DCFDA, was
significantly increased by the addition of AGEs to the
medium compared to vehicle. Moreover, Kupffer cell
proliferation as assessed by BrDU incorporation was
also significantly increased in Kupffer cells exposed to
AGEs compared to BSA vehicle alone (Figure 4B).
Lobular inflammation, ALT levels and proinflam
matory cytokine expression were all significantly
increased in the HFHC model (Figure 1D and E,
supplement 3) but were not affected by the dietary
AGE content.

Diet high in AGEs did not cause steatosis or
steatohepatitis in the normal liver (normal chow
animals)

Both normal chow and normal chow baked groups
had similar food intake and there was no difference
in weight gain, liver weight or liver to body weight
ratio between the two groups. In line with previous
[19]
studies , baking the normal chow diet increased
AGE content by over 6 fold (Figure 3) but feeding with
baked chow did not change liver biochemistry, produce
steatosis, oxidative stress or fibrosis (Figures 1 and 2).

Changes in dietary AGE content modulate oxidative
stress and hepatocyte ballooning in HFHC induced
steatohepatitis

Modulation of dietary AGE content increased markers of
liver fibrosis in the HFHC model

Baking the HFHC diet markedly increased CML content
(Figure 3). Other studies have shown that premarination of food in vinegar decreases AGE levels to
much lower levels comparable to raw food or boiled
food. Importantly, the pre-marination of the HFHC baked
diet with acetic acid reduced CML levels in the baked diet
to non-baked levels (Figure 3). These AGE levels in the
HFHC baked diet are similar to the CML levels found in a
[33]
moderate to high AGE typical Western diet .
Steatosis was significantly increased in all HFHC
groups but not further increased by baking to
increase its AGE content (Figure 1C). However, the
ballooning produced by HFHC feeding was further
increased by the high AGE/HFHC diet and this effect
was inhibited by the reduction in dietary AGE content
achieved by vinegar pre-marination (Figure 1A).
Oxidative stress is strongly implicated in liver injury
and ballooning degeneration in NASH. Higher levels
of HNE were detected in the livers of the HFHC high
AGE group compared to those fed the HFHC diet
alone. Furthermore, hepatic HNE content was reduced
to the levels observed in the HFHC group when AGE

WJG|www.wjgnet.com

As outlined above, in this novel HFHC model, fibrosis
was largely confined to zone 3 and produced a sinu
soidal pericellular fine “river delta” pattern. This is in
keeping with human NASH where fibrosis tends to
[34]
follow a centrizonal pattern . The proportional area
stained was further increased when the HFHC diet had
been baked to increase AGE content (Figure 2A). In
addition to more pronounced zone 3 fibrosis, periportal
fibrosis was also observed in HFHC high AGE fed
animals following the pattern of fibrosis progression
[34]
in human NAFLD . However, the portal pattern of
inflammation was not affected by changing dietary
AGE content.
In keeping with the results of picrosirius red
staining, COL1A gene expression was significantly
increased in both HFHC groups compared with normal
chow controls and levels were higher in the mice
with a high oral intake of AGEs compared with HFHC
alone (Figure 2B). Activation of myofibroblasts, as
assessed by hepatic α-SMA gene expression was also
significantly increased in the HFHC model and further
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Figure 1 Novel 33 wk high fructose, high cholesterol dietary model induced changes of non-alcoholic steatohepatitis. A: Haematoxylin and eosin
stained sections showing ballooning after high fructose, high cholesterol (HFHC) diets (examples of ballooning circled). At right, ballooning scores determined
morphometrically; B: Oxidative stress revealed by the immunohistochemical localisation of 4-hydroxynonenal; C: Steatosis grade (grade 0, no fat; grade 1, steatosis
occupying less than 33% of the hepatic parenchyma; grade 2, 34%-66% of the hepatic parenchyma; grade 3, more than 66% of the hepatic parenchyma); D: Plasma
levels of alanine transaminase (ALT) in the different treatment groups; and E: Lobular inflammation (grade 0:none; grade 1, 1-2 foci/field; grade 2, 3-4 foci/field; grade
3, more than 4 foci/field). Ballooning and oxidative stress were significantly increased by raising the AGE content of the HFHC diet. These changes were attenuated
when dietary AGE content was reduced by acetic acid premarination. aP < 0.05, bP < 0.01, cP < 0.001.
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Figure 2 Elevation in profibrotic and proinflammatory cytokine expression in the liver. A: Picrosirius red staining of collagen showing centrilobular sinusoidal
fibrosis induced by the 33 wk high fructose, high cholesterol (HFHC) dietary model (c). In animals receiving the HFHC diet, fibrosis was further increased by raising
the advanced glycation end products (AGEs) content of the diet (d) and attenuated when dietary AGE content was reduced by acetic acid premarination prior to
baking (e). However increasing the AGE content of normal chow did not cause increased fibrosis (compare a, b). Hepatic gene expression of COL1A (B) and aSMA (C)
were also significantly increased by raising the AGE content of the diet. Expression of RAGE, a key receptor for AGEs, was elevated in the HFHC model but this was
not affected by varying the AGE content of the diet, aP < 0.05, bP < 0.01 (D).
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Figure 4 Effects of advanced glycation end products on reactive
oxygen species and proliferation in isolated Kupffer cells exposed to
physiological amounts of dietary advanced glycation end products
compared with bovine serum albumin vehicle. A: Advanced glycation
end products (AGEs) increased ROS generation as measured by
2’,7’-dichlorodihydrofluorescein diacetate. B: AGEs increased cell proliferation
as assessed by BrDU incorporation, aP ≤ 0.05.

Figure 3 Levels of carboxymethyl lysine in the different diets. Baking
the high fructose, high cholesterol (HFHC) diet and normal chow increased
CML content of feed by > 6 fold. Levels of CML were markedly reduced by
premarinating with vinegar prior to baking, bP < 0.01.

Pathological effects of dietary AGEs are RAGE
dependent

increased (P < 0.05) with high oral intake of AGEs
(Figure 2C).
The role of AGEs in mediating increased liver
fibrosis was further supported by the finding that
picrosirius staining, COL 1A gene expression and
hepatic α-SMA gene expression were reduced to those
observed in animals fed the HFHC diet alone, with
vinegar pre-marination to reduce AGE content during
baking (Figure 2B and C).
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In diabetes, many of the harmful effects of AGEs are
[35]
thought to be mediated via AGE/RAGE signalling .
RAGE expression, as measured by immunohistoche
[19]
mistry , was minimal in healthy liver from animals
fed normal chow however RAGE expression was
increased in all HFHC groups compared to animals fed
standard chow (Figure 2D).
Given the putative role of RAGE in mediating the

8034

September 21, 2016|Volume 22|Issue 35|

Leung C et al . Progression of NAFLD
[38]

harmful effects of AGEs and the finding that its expres
sion was increased in our dietary model, we performed
a further study in which we examined whether RAGE
deletion abrogated liver injury and the harmful effect
of AGEs in the HFHC model. As in the initial study,
in this experiment, HFHC diet induced liver fibrosis
and 4HNE staining were increased by raising dietary
AGE content and the area of fibrosis was expanded to
include the periportal region (Figure 5A-C).
RAGE KO animals fed the HFHC diet had similar
levels of fibrosis to wild type animals (5A). However
RAGE KO animals appeared to be protected from the
increased liver fibrosis induced by AGEs. Compared
to wild type animals fed the high AGE/HFHC diet,
there was less picrosirius staining and COL 1A gene
expression in the RAGE deleted animals (Figure
5A-B). The increased oxidative stress in animals fed
a HFHC baked diet was also abrogated significantly in
corresponding RAGE KO animals (Figure 5C). However,
HNE levels did not return back to normal chow levels.
These findings suggest that AGEs act via RAGE to
increase liver fibrosis in this model of experimental
NASH.

transduction pathways , ultimately leading to the
[39]
generation of ROS . This culminates in the activation
of NF-κB, a redox sensitive transcription factor, which
[40]
in turn translocates into the nucleus . The promoter
region of the RAGE gene contains an NF-κB binding
site and therefore, one of the important consequences
of NF-κB activation and translocation is upregulation of
RAGE itself. This sets up a positive feedback loop and
ensures maintenance of RAGE signalling. Furthermore,
the generation of ROS triggered by RAGE activation
causes increased AGE formation and contributes to a
vicious cycle of AGE formation, generation of oxidative
[7]
stress and further RAGE activation . Our study
showed that RAGE expression was minimal in healthy
livers but upregulated in a non-diabetic model of fatty
liver disease. These differences in RAGE expression
may explain why the high AGE diet had no harmful
effects in healthy controls but exacerbated liver injury
in animals with NAFLD. However, since the dietary
AGE content of normal mouse chow is so high it is also
feasible that the dietary AGE content of normal mouse
chow is so high that mice become preconditioned
against the effects of further increases. In keeping
with these findings, although RAGE KO animals
developed NASH in response to the HFHC diet they
were protected from the additional harmful effects of
the high AGE diet.
Oxidative stress and the accumulation of superoxide
is a key mediator of ballooning, cellular dysfunction
[7,41]
and fibrosis in non-alcoholic steatohepatitis
. HNE,
an end-product of peroxidation of membrane N-6polyunsaturated fatty acids, is a particularly good
marker of lipid oxidation during liver injury and is
[42]
related to the intensity of necroinflammation . Given
the long- term nature of our model, assessment of
oxidative stress in the liver was therefore performed
by measuring HNE adducts which reflect accumulation
of oxidative stress over time. This showed that HNE
content was significantly elevated in all the HFHC
groups (Figure 1C). Consistent with the known effects
of AGEs, we found that a diet high in AGEs significantly
increased oxidative stress in HFHC induced NASH.
This was associated with increased ballooning, stellate
cell activation as assessed by aSMA expression and
increased fibrosis. These findings are consistent with
our previous work which showed that in activated
primary murine hepatic stellate cells which express
RAGE, ROS production, cell activation and proliferation
were markedly increased in the presence of AGEs.
These effects were inhibited by RAGE blockade or
NADPH oxidase inhibition. However, Kupffer cells (KCS)
[43]
express RAGE and uptake of AGEs in the liver occurs
[11]
primarily via these cells . It is known that KCs play a
key role in promoting hepatic steatosis, steatohepatitis
[44]
and ballooning in NASH ; and generation of ROS in
KCs rather than by HSCs has been associated with
[45]
NAFLD disease progression . Given the important
role of KCs in NAFLD progression and their key role in

DISCUSSION
Our experiments show that AGEs may be important
modifiable dietary cofactors which contribute to the
development of liver fibrosis in NAFLD. The current
findings are in keeping with previous studies which
showed that AGEs administered intraperitoneally or
[12,19]
in the diet exacerbate liver injury and fibrosis
.
However these previous experiments were conducted
in short term models of liver disease of limited
[36]
relevance to human NAFLD . For the present studies,
therefore, a novel model of NAFLD was developed using
physiological amounts of fat, cholesterol and fructose
that occur in human diets and it reliably produced
slowly progressive steatosis, ballooning, oxidative stress
and predominantly pericentral sinusoidal fibrosis with a
tempo of disease consistent with the long progressive
natural history of human NASH. In this study, all of
these key features of high fat diet induced NASH were
exacerbated by increasing dietary AGE content
The two-hit hypothesis of NASH pathogenesis
suggests that a second injury or cofactor is required for
progression from simple benign steatosis to harmful
steatohepatitis or fibrosis, cirrhosis and hepatocellular
[37]
carcinoma . There has been considerable interest in
factors which could serve as this “second hit”. In line
[19]
with our previous study in MCD animals , we found
that a high AGE containing diet has no effect on liver
biochemistry or histology in animals without hepatic
steatosis. However, we showed they act as a co-factor
to increase injury in diseased livers.
AGEs have been shown to exert their effects
through several receptors, the best studied of which
is RAGE. Activation of RAGE stimulates multiple signal
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Figure 5 Effects of the high fructose, high cholesterol diet and dietary advanced glycation end products manipulation on fibrosis in the receptor for
advanced glycation end products KO animals. A: The absence of receptor for advanced glycation end (RAGE) attenuated the effects of increasing the advanced
glycation end products (AGEs) content of the high fructose, high cholesterol (HFHC) diet as evidenced by a reduction in picrosirius red staining to levels observed in
animals on the HFHC diet alone; B: There was a commensurate reduction in COL1A gene expression; C: A reduction in hepatic 4-hydroxynonenal content (aP < 0.05).
[46]

scavenging AGEs , we explored the effect of AGEs
on primary KCs and showed that AGEs increase cell
proliferation and the generation of ROS by these cells.
As expected, in our HFHC model there was marked
upregulation of a number of key proinflammatory and
fibrogenic cytokines. It is unclear why, despite showing
that AGEs increase oxidative stress, hepatocyte
ballooning and fibrosis, we did not find they increased
inflammatory infiltration of the liver or in inflammatory
cytokines expression. In keeping with this finding,
[47]
in a very similar dietary model of NASH, Lo et al
found that although diabetes worsened steatosis
induced liver fibrosis this was not associated with
measurable increases in liver inflammatory infiltration
or proinflammatory cytokine levels. These finding
suggest that profibrotic effects of AGEs and diabetes
may not be mediated primarily through increasing
hepatic inflammation.
The formation of AGEs in foods involves the con
densation of an amino group with the carbonyl group
of a reducing carbohydrate (glucose, fructose, maltose,
lactose or ribulose) to form intermediate Amadori
products. Oxidation of Amadori products leads to a
more stable compound, CML, used in studies as an
[4]
indicator of the AGE content of foods . A common
method of high dietary AGE formation is via heating
at high temperatures in non-aqueous environments
[4]
(e.g., baking or broiling) . High levels of AGEs are
thus found in many common foods such as baked
breads and biscuits/cookies, toasted breakfast cereals,
grilled steak, brewed beer, and roasted coffee beans.
For example, toasting white bread increases its
[48]
AGE content by more than 3 times . Interestingly,
acidifying such foods prior to cooking by marinating
them in acetic acid (vinegar) or lemon juice, reduces
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their CML content substantially without compromising
[49]
palatability . In this study, we have found reducing
AGEs production by vinegar marination prior to
baking can abrogate the harmful effects of a high AGE
diet in an animal model of NAFLD. This may be one
mechanism by which the Mediterranean diet which
includes the use of vinegar and lemon juice marination
[50]
is beneficial for metabolic health and in NAFLD .
It has been shown that patients with NASH have
higher levels of circulating AGEs than those with
[46]
simple steatosis . However whether this reflects
an increased dietary exposure to AGEs or greater
endogenous AGE production in patients who have both
fatty liver and glucose intolerance is unclear. Studies
examining the relationship between dietary exposure
to AGEs and the histological severity of liver injury in
non-diabetic patients will help clarify this issue.
In conclusion, we show that high dietary AGE
exposure worsens liver pathology in experimental
NASH, implicating AGE/RAGE signalling in fatty liver
disease progression. Decreasing dietary AGEs by
altering food selection and cooking methods may thus
offset the possible harmful effects afforded by a high
AGE diet. If confirmed in human studies, our findings
have broad implications for the way we process
foods and the dietary advice given to patients with
NAFLD. They also suggest a possible role for therapies
targeting the AGE/RAGE pathway in the treatment and
prevention of NASH.
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COMMENTS
COMMENTS
Background

There is considerable interest in identifying the factors which drive progression
of uncomplicated non-alcoholic fatty liver disease (NAFLD) to non-alcoholic
steatohepatitis (NASH), cirrhosis and liver cancer. Advanced glycation end
products (AGEs) are a complex group of compounds formed in foods that
are highly processed or dry heated at high temperatures which have been
implicated in the pathogenesis of diabetic complications. Our previous work in
a methionine choline deficient model of NASH has shown that AGEs may be an
important environmental risk factor that serves as a second hit driving simple
steatosis to steatohepatitis and cirrhosis. The aims of the current study were
to determine whether AGEs drive NAFLD progression in a long term high fat,
high cholesterol, high fructose dietary model of NASH that mimics many of the
features of human NASH. We also aimed to examine the role of the receptor for
AGEs (RAGE) and Kupffer cells in this process.

2
3
4

5

Research frontiers

There is major interest in identifying so-called second hits which drive liver
inflammation and fibrosis in NAFLD. AGEs have been implicated in progression
of a number of disease processes, including diabetic nephropathy, retinopathy,
vasculopathy and neuropathy. This study investigates whether AGEs could
represent an important potential dietary and pharmacological target in the
management of the burgeoning problem of fatty liver disease.

6
7

Innovations and breakthroughs

This is the first study which examines the impact of altering dietary AGE content
in a long term physiological model of NASH that utilises proportions of fats and
fructose found typically in Western diets. We have found that changes in AGE
content influence liver inflammation and fibrosis. This is also the first study to
show that in RAGE knock out animals, these deleterious effects of AGEs are
abrogated, suggesting a RAGE dependent pathway. Studies by Leung et al in
isolated primary Kupffer cells also show AGEs increase cell proliferation and
oxidative stress, suggesting a likely mechanism by which these compounds
contribute to liver injury.

8

9

Applications

Food sourcing and preparation methods that reduce AGE content could
influence the progression of NAFLD. This study also suggests that pharma
cological therapies which target the AGE/RAGE pathway may have a role in
treatment of NAFLD.

10

Terminology

11

AGEs, also known as glycotoxins, are a complex group of compounds that are
formed when active sugar moieties become bound to proteins causing browning
and other irreversible modifications. Foods that are highly processed or dry
heated at high temperatures, such as broiled foods, have particularly high AGE
content. However, they are also formed endogenously and this occurs at an
increased rate in diabetes, most likely because of hyperglycaemia. There is
now considerable evidence that accumulation of AGEs are implicated in the
pathogenesis of diabetic renal, neurological, retinal and vascular complications.
AGEs act on several receptors but the receptor for advanced glycation end
products (RAGE), a member of the immunoglobulin superfamily of cell-surface
molecules, is the best characterised of these receptors. Engagement with
RAGE, which in turn increases inflammation and oxidative stress, is thought to
be the main way in which AGEs impart these pathogenic effects. This receptor
is expressed in a number of cell types, including endothelial cells, vascular
smooth muscle cells, peripheral blood mononuclear cells, macrophages
(including Kupffer cells) and HSCs.

12

13

14

Peer-review

15

A well designed and organized study.
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Abstract
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AIM
To investigate the associations of different types of
pre-S deletions with hepatitis B virus (HBV) genotypes.

Institutional review board statement: This study was
approved by the Institutional Review Board of the National
Taiwan University Hospital and Fu Jen Catholic University,
Taiwan.

METHODS
The sequences of the pre-S region, basal core promoter
(BCP) mutation, and precore (PC) mutation were
examined through direct DNA sequencing or clonal
analysis and sequencing in 273 HBV carriers, namely
55 asymptomatic carriers, 55 carriers with chronic
hepatitis (CH), 55 with liver cirrhosis (LC), 53 with
liver cirrhotic hepatocellular carcinoma (LC-HCC), and
55 with noncirrhotic HCC. A total of 126 HBV carriers
(46.2%) harbored pre-S deletions. The DNA sequences
of pre-S deletion mutants from 43 age-matched
genotype B (HBV/B)-infected carriers and 43 agematched genotype C (HBV/C)-infected carriers were
further examined, aligned, and compared.
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RESULTS
No significant difference was observed in the mean
age distribution (P = 0.464), male sex (P = 0.805),
viral load (P = 0.635), or BCP mutation (P = 0.117)
between the HBV/B and HBV/C groups. However, the
rate of PC mutation was signiﬁcantly higher in the HBV/
B-infected carriers than in the HBV/C-infected carriers
(P = 0.003). Both genotypes exhibited a high rate of
deletion in the C-terminal half of the pre-S1 region and
N-terminus of the pre-S2 region (86.0% and 79.1%
in the HBV/B group; 69.8% and 72.1% in the HBV/C
group, respectively). Epitope mapping showed that
deletion in several epitope sites was frequent in both
genotypes, particularly pS1-BT and pS2-B2. Conversely,
the rate of pS2-B1 deletion was significantly higher
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[1,2]

in the HBV/B group (72.1% vs 37.2%, P = 0.002),
and the rate of pS2-T deletion was significantly higher
in the HBV/C group (48.8% vs 25.6%, P = 0.044).
Functional mapping showed that the rate of deletion
in three functional sites (the nucleocapsid binding site,
start codon of M, and site for viral secretion) located in
the N-terminus of the pre-S2 region was significantly
higher in the HBV/B group (P < 0.05). One type of
N-terminus pre-S1 deletion mutant with deletion of the
start codon of the L protein was frequently observed
in the HBV/C group (20.9% vs 9.3%, P = 0.228),
particularly in the LC patients (42.9% vs 12.5%).
Different patterns of pre-S deletions were also found
between the HBV/B and HBV/C groups according to
different clinical outcomes. In CH patients, deletion in
the site for polymerized human serum albumin was
more frequent in the HBV/B group (88.9% vs 36.4%, P
= 0.028). In the LC-HCC patients, the rate of deletion
in the pre-S2 region was significantly higher in the
HBV/B group than in the HBV/C group (P < 0.05).

carcinoma (HCC) . To date, research has identified
10 HBV genotypes, designated A to J on the basis of a
divergence of > 8% over the entire genomic sequence.
These 10 HBV genotypes are distributed in specific
[3,4]
geographical locations . All genotypes can lead to
progressive liver disease, but the clinical implications
of each genotype differ. For example, patients infected
by the genotype C (HBV/C) or D (HBV/D) strain have
a higher frequency of basal core promoter (BCP)
mutations, a lower response rate to interferon therapy,
and more rapid progression to liver fibrosis and HCC
than those infected by the genotype B (HBV/B) or
[3,4]
A (HBV/A) strain . In addition, carriers infected by
HBV/C have a higher rate of pre-S deletions than those
[5,6]
infected by HBV/B . Collectively, these data suggest
pathogenic and therapeutic differences among the HBV
[3,4]
genotypes .
Three different yet structurally related HBV viral
surface proteins are translated from a single open
reading frame, as follows: large (L), middle (M), and
small (S) proteins. The S protein consists of 226 amino
acids (aa). The M protein is an extension of the S
protein, with an additional 55 aa (i.e., pre-S2 region).
The L protein is an extension of the M protein, with an
additional 108-119 aa depending on the genotype (i.e.,
pre-S1 region). The pre-S (pre-S1 and pre-S2) region
has several functional domains and plays an essential
[7-13]
role in the viral life cycle
. The pre-S1 region can
be divided into two parts: N-terminal half (aa 1-57)
and C-terminal half (aa 58-119). The N-terminal half
of the pre-S1 region contains the hepatocyte binding
site essential for the attachment of HBV to liver cells.
The C-terminal half of the pre-S1 region contains
several functional sites: (1) the S promoter and the
CCAAT binding factor binding site necessary for S RNA
transcription; (2) the heat shock protein 70 (Hsc70)
binding site and the cytosolic anchorage determinant
(CAD) essential for the dual topology of L proteins;
and (3) the nucleocapsid binding site (NBS) required
for virion morphogenesis. The pre-S2 region contains
sites for nucleocapsid binding, polymerized human
serum albumin (pHSA) binding, and viral secretion
(VS). The HBV pre-S region also plays an essential
role in immune responses, because pre-S region
[13-18]
carries both B-cell and T-cell epitopes
. Many
studies have suggested that HBV pre-S deletions are
associated with the development of progressive liver
[5,6,19-23]
diseases
. Some in vitro studies have shown that
pre-S deletion mutants can cause the accumulation of
L surface proteins in the endoplasmic reticulum (ER),
[22-26]
resulting in ER stress
. Other related studies have
suggested that ER stress results in the generation of
large amounts of reactive oxygen species, which can
cause oxidative DNA damage, inducing mutagenesis in
[27-29]
the genome and ultimately resulting in HCC
.
Current knowledge concerning these pre-S deletion
mutants is focused on the frequencies of pre-S deletion
and deletion patterns in the pre-S region according to

CONCLUSION
HBV/B- and HBV/C-infected carriers exhibit different
patterns of pre-S deletion, which may be associated
with the progression of liver diseases.
Key words: hepatitis B virus; Pre-S deletion; Chronic
hepatitis; Hepatocellular carcinoma; Genotype; Liver
cirrhosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a comprehensive study of the influence
of HBV genotypes B (HBV/B) and C (HBV/C) on the
emergence of different types of pre-S deletions.
Different patterns of pre-S deletion were found in HBV/B
and HBV/C. Deletion in the pS2-B1 epitope, nucleocapsid
binding site, start codon of M, and site for viral secretion
was frequently found in HBV/B. Conversely, deletion
in pS2-T and the start codon of L was frequently found
in HBV/C. The prevalence of different pre-S deletions
differed between HBV/B and HBV/C among patients with
liver disease.
Chen BF. Different pre-S deletion patterns and their association
with hepatitis B virus genotypes. World J Gastroenterol 2016;
22(35): 8041-8049 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i35/8041.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i35.8041

INTRODUCTION
Hepatitis B virus (HBV) is a small, enveloped DNA
virus that causes acute and chronic diseases. Most
acute infections are self-limiting, whereas chronic
infection may lead to the development of chronic
hepatitis (CH), liver cirrhosis (LC), and hepatocellular
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Amplification, sequencing, and cloning of HBV pre-S
gene

[5,6,19-21]

the clinical status
. Because the pre-S region has
the highest genetic variability in the whole genome,
HBV genotypes may influence deletions in the pre-S
region. Knowledge concerning the prevalence of
different types of pre-S deletions in different HBV
genotypes is limited. Therefore, this study elucidated
the prevalence of different types of pre-S deletions and
their associations with HBV genotypes and examined
the correlation of different types of pre-S deletion
with HBV genotypes according to different clinical
outcomes.

We performed direct sequencing and clonal analysis
[29]
of the pre-S region as previously described . Briefly,
pre-S DNA was amplified using nested PCR with
two sets of HBV genotype B and genotype C-copo
sitive primers. To avoid false-positive PCR results,
precautions were strictly followed. The PCR products
were electrophoresed on 2.5% agarose gel to investi
gate the presence of pre-S deletions. All PCR products
were also directly sequenced to identify any sequence
diversity or deletion.
The pre-S segments that could not be sequenced
directly or those that had various small amplicons in
the presence or absence of full-size amplicons (564
bp) were further investigated by clonal analysis and
[30]
sequencing, as previously described .

MATERIALS AND METHODS
Patients

This study included 273 patients with chronic HBV
infection receiving long-term follow-up at the Gastro
enterology Clinic of National Taiwan University Hospital.
The study population comprised 55 asymptomatic
HBV carriers with a normal serum alanine aminotrans
ferase level for at least 3 years according to periodic
biochemical examinations (every 3 or 6 mo) and 218
HBsAg-positive patients with histologically verified
chronic liver disease. Among the HBsAg-positive
patients, 55 had CH with active viral replication, 55 had
LC without HCC, 53 had liver cirrhotic HCC (LC-HCC),
and 55 had noncirrhotic HCC (NC-HCC). None of them
were coinfected with hepatitis C virus or hepatitis D
virus. Other causes of hepatitis, including autoimmune
hepatitis and alcoholic liver diseases, were excluded
clinically and serologically. The serum samples of each
patient were stored at -70  ℃ until use.

Alignment

Sequence alignment was performed using the Biology
WorkBench 3.2-CLUSTALW software program (http://
workbench.sdsc.edu).

Ethical considerations

This study was performed in accordance with the
principles of the 1975 Declaration of Helsinki and was
approved by the Ethics Committees of the National
Taiwan University Hospital and Fu Jen Catholic
University. The sera were sampled after obtaining their
written informed consent from each patient.

Statistical analysis

Hepatitis virus serologic markers

Serum HBsAg was tested using a commercial assay
(Ausria-Ⅱ, Abbott Laboratories, North Chicago, IL,
United States).

Extraction of serum HBV DNA and quantification of HBV
DNA

RESULTS

Serum viral DNA was extracted using a commercial kit
(QIAamp DNA Blood Mini Kit, Qiagen Inc., Valencia,
CA, United States). The extracted DNA was amplified
for quantifying and genotyping HBV DNA and for direct
sequencing of pre-S, BCP, and precore (PC) regions, as
[30]
previously described .
HBV DNA was quantified and genotyped as pre
[31]
viously described . The sensitivity of this real-time
2
polymerase chain reaction (PCR) method was 10
copies/mL.

Baseline characteristics of the study population

A total of 126 HBV carriers (46.2%) harbored pre-S
deletions. Table 1 compares the demographic, clinical,
and virological characteristics between carriers with
and without pre-S deletion. No significant difference
was observed in the mean age distribution (P = 0.54),
male sex (P = 0.054), or PC mutation (P = 0.132)
between them. Carriers with pre-S deletion were more
frequently infected with the HBV/C strain (47.6% vs
28.6%, P = 0.003), had a higher viral load (73.0%
vs 45.7%, P < 0.001), had a higher occurrence of
the BCP mutation (77.8% vs 54.4%, P < 0.001), and
had more progressive liver disease (CH, LC, and HCC)
(96.8% vs 65.3 %, P < 0.001), particularly LC patients
(28.6% vs 12.9%, P = 0.001), than those without

Determination of PC nucleotide 1896 and BCP
dinucleotide 1762/1764

The segments of PC/BCP DNAs (263 bp, nucleotide
positions: 1704-1966) were amplified through nested
[30]
PCR and sequenced as previously described .

WJG|www.wjgnet.com
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Data were analyzed using the Fisher exact test, χ
test, or contingency table with Yates’ correction when
appropriate. A two-sided P value of < 0.05 was con
sidered statistically significant. All statistical analyses
were performed using SPSS 12.0 for Windows (SPSS,
Chicago, IL, United States).
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Table 1 Characteristics of the study population classified
according to the presence of pre-S deletion n (%)
Features

P value

wild type pre-S
(n = 147)

Pre-S deletion
(n = 126)

45.4 ± 6.6
101 (68.7)
42 (28.6)
94 (63.9)
11 (7.5)
67 (45.7)

45.9 ± 7.0
100 (79.4)
60 (47.6)
62 (49.2)
4 (3.2)
92 (73.0)

< 0.001

80 (54.4)

98 (77.8)

< 0.001

87 (59.2)

86 (68.3)

0.132

51 (34.7)
96 (65.3)

4 (3.2)
122 (96.8)

< 0.001

24 (16.3)
19 (12.9)
29 (19.7)
24 (16.3)

31 (24.6)
36 (28.6)
24 (19.0)
31 (24.6)

0.098
0.001
1.000
0.098

Age (mean ± STD)
Male
Genotype C
Genotype B
Mixed genotypes
HBV DNA ≥ 105
copies/mL
BCP mutation
(A1762T, G1764A)
PC mutation (G1896A)
Clinical categories
ASC
Progressive liver
diseases
CH
LC
NC-HCC
LC-HCC

Table 3 Frequencies of different types of pre-S deletions in
HBV/B- and HBV/C-infected carriers n (%)
Deletion

0.540
0.054
0.003

N-terminal half of pre-S1
(aa 1-57)
C-terminal half of pre-S1
(aa 58-119)
N-terminus of pre-S2 (aa 1-31)
d183 M
Epitope Mapping
Pre-S1 region
pS1-T1 (aa 12-48 of pre-S1)
pS1-B1 (aa 12-53 of pre-S1)
pS1-B2 (aa 72-78 of pre-S1)
pS1-BT (aa 94-117 of pre-S1)
Pre-S2 region
pS2-B1 (aa 1-6 of pre-S2)
pS2-B2 (aa 3-15 of pre-S2)
pS2-B3 (aa 13-24 of pre-S2)
pS2-T1 (aa 21-48 of pre-S2)
Functional Mapping
Pre-S1 region (aa 1-119)
The start codon of L
HBS (aa 2-48)
S promoter (nt 3045-3189)
CBF (nt 3137-3147)
HSC70 (aa 74-118)
CAD (aa 81-105)
Pre-S1/S2 region (aa1-174)
NBS (aa 103-127)
Pre-S2 region (aa1-55)
The start codon of M1
VS (aa 1-5 of pre-S2)
pHSA (aa 3-16 of pre-S2)

ASC: Asymptomatic carriers; CH: Chronic hepatitis; HBV: Hepatitis
B virus; LC: Liver cirrhosis; LC-HCC: Liver cirrhotic hepatocellular
carcinoma; NC-HCC: Noncirrhotic hepatocellular carcinoma; BCP: Basal
core promoter; PC: Precore.

Table 2 Clinical and virological characteristics of hepatitis B
virus carriers with pre-S deletion n (%)
Features

HBV/B
(n = 43)

HBV/C
(n = 43)

P value

Age (mean ± STD)
Male
HBV DNA ≥ 105 copies/mL
BCP mutation
(A1762T, G1764A)
PC mutation (G1896A)
Clinical categories
ASC
Progressive liver diseases
CH
LC
NC-HCC
LC-HCC

44.5 ± 8.8
33 (76.7)
29 (67.4)
30 (69.8)

45.8 ± 7.6
31 (72.1)
32 (74.4)
37 (86.0)

0.464
0.805
0.635
0.117

38 (88.4)

25 (58.1)

0.003

2 (4.7)
41 (95.3)
9 (20.9)
8 (18.6)
14 (32.6)
10 (23.3)

2 (4.7)
41 (95.3)
11 (25.6)
14 (32.6)
4 (9.3)
12 (27.9)

1.000

HBV/C
(n = 43)

P value

17 (39.5)

17 (39.5)

1.000

37 (86.0)

30 (69.8)

0.117

34 (79.1)
10 (23.3)

31 (72.1)
9 (20.9)

0.616
1.000

15 (34.9)
15 (34.9)
18 (41.9)
31 (72.1)

9 (20.9)
9 (20.9)
22 (51.2)
22 (51.2)

0.229
0.229
0.517
0.075

31 (72.1)
33 (76.7)
19 (44.2)
11 (25.6)

16 (37.2)
27 (62.8)
24 (55.8)
21 (48.8)

0.002
0.240
0.388
0.044

4 (9.3)
16 (37.2)
31 (72.1)
23 (53.5)
31 (72.1)
30 (69.8)

9 (20.9)
15 (34.9)
30 (69.8)
15 (34.9)
29 (67.4)
23 (53.5)

0.228
1.000
1.000
0.128
0.815
0.379

39 (90.7)

27 (62.8)

0.004

30 (69.8)
32 (74.4)
34 (79.1)

18 (41.9)
16 (37.2)
25 (58.1)

0.016
0.001
0.062

1

Deletion or mutation of the start codon of the M protein. HBS: Hepatocyte
binding site; CBF: CCAAT binding factor; HSC70: Heat shock protein 70;
CAD: Cytosolic anchorage determinant; NBS: Nucleocapsid binding site;
VS: Viral secretion; pHSA: Polymerized human serum albumin.

between the HBV/B and HBV/C groups. However, the
HBV/B group had a higher rate of PC mutation (88.4%
vs 58.1%, P = 0.003) and NC-HCC (32.6% vs 9.3%, P
= 0.003).

0.799
0.216
0.015
0.805

Association of different types of pre-S deletion with HBV
genotypes

ASC: Asymptomatic carriers; CH: Chronic hepatitis; HBV: Hepatitis
B virus; LC: Liver cirrhosis; LC-HCC: Liver cirrhotic hepatocellular
carcinoma; NC-HCC: Noncirrhotic hepatocellular carcinoma; BCP: Basal
core promoter; PC: Precore.

To investigate whether particular types of deletion
in the pre-S region are associated with the HBV
genotype, pre-S deletion subgenomes from 43 HBV/B
and 43 HBV/C infected carriers were sequenced and
aligned. The locations of these pre-S deletions are
depicted in a supplementary file. All deletions were inframe deletions with sizes ranging from 3 to 507 bp,
and the deletions ended at aa 143 of the pre-S region,
except for two deletions that ended at aa 150 and aa
171. Sequence alignments of pre-S deletion mutants
indicated that deletion in the C-terminal half of the
pre-S1 and N-terminus of pre-S2 region was more
frequent in the HBV/B group (86.0% and 79.1%) than
in the HBV/C group (69.8% and 72.1%), although the
difference was nonsignificant (Table 3). One pre-S1

pre-S deletion.
To examine the role of viral factors and to exclude
the influence of HBV infection duration on the occu
rrence of pre-S deletion, 43 age-matched HBV/B and
43 age-matched HBV/C infected carriers were selected
to examine the associations of different types of pre-S
deletion with HBV genotypes. Table 2 presents the
clinical and virological characteristics of 86 HBV carriers
with pre-S deletion classified according to genotype.
No significant difference was observed in the mean
age distribution (P = 0.464), male sex (P = 0.805),
viral load (P = 0.635), or BCP mutation (P = 0.117)
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deletion mutant, d183M, which had a 183-nt in-frame
deletion in the C-terminal half of the pre-S1 region,
was observed in 10 of the 43 (23.3%) HBV/B-infected
carriers and 9 of the 43 (20.9%) HBV/C-infected
carriers (Table 3).
Epitope mapping revealed frequent deletion in two
epitopes (pS1-BT and pS2-B2) in both genotypes.
Conversely, deletion in pS2-B1 was significantly more
frequent in the HBV/B group (72.1% vs 37.2%, P =
0.002), and deletion in pS2-T1 was significantly more
frequent in the HBV/C group (48.8% vs 25.6%, P =
0.044) (Table 3).
Functional mapping revealed frequent deletion in
five functional domains (S promoter, HSC70, NBS, VS,
and pHSA) in the HBV/B group (rate > 70%). The rate
of deletion in NBS (90.7% vs 62.8%, P = 0.004), the
start codon of M (69.8.2% vs 41.9%, P = 0.016), and
VS (74.4% vs 37.2%, P = 0.001) was significantly
higher in the HBV/B group than in the HBV/C group
(Table 3). Similar to HBV/B, deletion in the S-promoter,
HSC70, and NBS domains was frequently observed
in the HBV/C group (rate > 60%) (Table 3). Only
one type of N-terminus pre-S1 deletion mutant with
deletion in the start codon of the L protein was more
frequent in the HBV/C group than in the HBV/B group
(20.9% vs 9.3%, P = 0.228) (Table 3).

(57.1% vs 0.0%, P = 0.092) (Table 4).

DISCUSSION
The HBV genotypes influence several aspects of HBV
infection, including clinical outcomes, response to
antiviral therapy, and host immune response. Pre-S
deletion mutants are frequently found in patients
with chronic HBV infection and are correlated with
[5,6,19-23]
the progression of liver disease
. In the present
study, the influence of the HBV genotype on the
emergence of different types of pre-S deletion was
examined. The results show that the frequencies of
some types of pre-S deletion mutant differed between
the HBV/B and HBV/C groups, whereas the frequencies
of other types of deletion mutant were similar in both
genotypes. Sequence alignment analysis indicated
that frequent deletion in the C-terminal half of the
pre-S1 and N-terminus of the pre-S2 regions was
observed in both genotypes (86.0% and 79.1% in the
HBV/B group; 69.8% and 72.1% in the HBV/C group,
respectively). Epitope mapping of these pre-S deletion
mutants showed frequent deletions in several epitope
sites in both genotypes, particularly pS1-BT (72.7%
in the HBV/B group and 55.8% in the HBV/C group)
and pS2-B2 (75.0% in the HBV/B group and 65.1%
in the HBV/C group). By contrast, the rate of pS2-B1
deletion was considerably high in the HBV/B group,
and the rate of pS2-T deletion was considerably high
in the HBV/C group (Table 3). Previous studies have
shown that several genotype-specific antibodies are
induced and react with the variable pre-S1 and pre-S2
[13,14]
sequences
. The host immune response to these
genotype-specific epitopes may increase the selection
pressure for pS2-B1 and pS2-T deletion mutants in
HBV/B and HBV/C, respectively.
Functional mapping also demonstrated the simi
larities and differences between HBV/B and HBV/C.
Deletion in the S promoter and the HSC70 site was
frequently found in both genotypes. Conversely,
deletion in three functional sites (NBS, the start codon
of M, and VS) located in the N-terminus of the pre-S2
region was significantly more frequent in the HBV/B
group (P < 0.05), and one type of N-terminus pre-S1
deletion mutant with deletion of the start codon of the
L protein was frequently observed in the HBV/C group
(20.9% vs 9.3%, P = 0.228), particularly in the LC
patients (42.9% vs 12.5%). Previous studies in Korea
have also demonstrated frequent deletion in the start
[32,33]
codon of the L protein in HBV/C
. Unexpectedly,
the tendency of deletion in functional sites is opposite
[34]
between HBV/B and HBV/C. Biswas et al
similarly
showed that HBV/A and HBV/C have a higher rate
of pre-S2 mutation/deletion, whereas HBV/D has a
higher rate of pre-S1 deletion.
The correlation of different types of pre-S deletion
with the HBV genotype was further examined according
to different clinical outcomes. In the CH and LC

Correlation of different types of pre-S deletion mutant
with HBV genotypes according to different clinical
outcomes

The frequencies of different types of pre-S deletion
mutant were compared between the HBV/B and HBV/C
groups according to different clinical outcomes. The
results indicated that the patterns of pre-S deletion
were considerably different in the LC-HCC patients.
HBV/B-infected patients had significantly higher rates
of deletion in N-terminus of pre-S2 (100% vs 58.3%, P
= 0.04), pS2-B1 (100% vs 25%, P < 0.001), pS2-B2
(100% vs 58.3%, P = 0.04), NBS (100% vs 50%, P =
0.015), the start codon of M (90% vs 25%, P = 0.004),
VS (100% vs 25%, P < 0.001), and pHSA (100% vs
58.3%, P = 0.04) than did the HBV/C-infected patients
(Table 4). In the asymptomatic carriers, different types
of pre-S deletion seemed to correlate with the HBV
genotype, but the sample size (n = 2) was too small
for statistical analysis. In the CH patients, deletion in
pS1-BT and four functional sites (S promoter, HSC70,
CAD, and NBS), which are located in the C-terminal
half of the pre-S1 region, was frequent in both
genotypes. Conversely, deletion in pHSA was more
frequent in the HBV/B group than in the HBV/C group
(88.9% vs 36.4%, P = 0.028). In the LC patients,
no significant differences were observed between the
HBV/B and HBV/C groups, except that deletion in the
start codon of L was more frequent in the HBV/C group
(42.9% vs 12.5%, P = 0.193) (Table 4). In NC-HCC,
deletion in the site for CCAAT binding factor was more
frequent in the HBV/B group than in the HBV/C group
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50.0%
0
100.0%
0

0
0
0
0
0
100.0%
100.0%
100.0%

50.0%
50.0%
0
0
0
0
0
0
0
100.0%

50.0%
50.0%
50.0%
50.0%
0
0
0
0

0
50.0%
50.0%
50.0%
50.0%
50.0%
50.0%
0
0
0

C (n = 2)

50.0%
50.0%
0
50.0%

B (n = 2)

ASC

P value1

11.1%
22.2%
88.9%
66.7%
88.9%
88.9%
100.0%
77.8%
88.9%
88.9%

11.1%
11.1%
44.4%
88.9%
88.9%
88.9%
44.4%
33.3%

22.2%
88.9%
88.9%
33.3%

9.1%
18.2%
81.8%
54.5%
81.8%
81.8%
90.9%
54.5%
45.5%
36.4%

18.2%
18.2%
54.5%
81.8%
45.5%
54.5%
45.5%
36.4%

27.3%
81.8%
72.7%
36.4%

B (n = 9) C (n = 11)

CH

0.070
0.028

0.070

P value1

12.5%
50.0%
75.0%
50.0%
62.5%
62.5%
75.0%
50.0%
50.0%
62.5%

50.0%
50.0%
37.5%
62.5%
50.0%
62.5%
37.5%
25.0%

50.0%
87.5%
62.5%
25.0%

42.9%
50.0%
71.4%
42.9%
71.4%
64.3%
64.3%
50.0%
42.9%
64.3%

28.6%
28.6%
57.1%
64.3%
42.9%
64.3%
64.3%
57.1%

50.0%
71.4%
78.6%
28.6%

B (n = 8) C (n = 14)

LC

P value1

0
21.4%
64.3%
57.1%
71.4%
64.3%
92.9%
71.4%
71.4%
78.6%

21.4%
28.6%
50.0%
71.4%
64.3%
71.4%
35.7%
14.3%

28.6%
92.9%
78.6%
28.6%

B (n = 14)

25.0%
50.0%
75.0%
0
50.0%
50.0%
50.0%
50.0%
50.0%
75.0%

25.0%
25.0%
25.0%
25.0%
50.0%
75.0%
50.0%
50.0%

50.0%
75.0%
75.0%
0

C (n = 4)

NC-HCC

0.092

P value1

20.0%
60.0%
70.0%
40.0%
70.0%
70.0%
100.0%
90.0%
100.0%
100.0%

60.0%
50.0%
30.0%
70.0%
100.0%
100.0%
70.0%
40.0%

60.0%
80.0%
100.0%
0

B (n = 10)

0
25.0%
66.7%
25.0%
66.7%
25.0%
50.0%
25.0%
25.0%
58.3%

16.7%
16.7%
58.3%
25.0%
25.0%
58.3%
50.0%
41.7%

33.3%
66.7%
58.3%
8.3%

C (n = 12)

LC-HCC

0.084
0.015
0.004
< 0.001
0.040

0.084
< 0.001
0.040

0.074

0.040

P value1

patients, frequent deletion in the C-terminal half of pre-S1 was observed in both genotypes. Significant differences were observed between the HBV/B- and HBV/C-infected
patients with LC-HCC. Deletion in the N-terminus of pre-S2 region, including two epitope sites (pS2-B1 and pS2-B2) and three functional sites (the start codon of M, VS,
and pHSA), was significantly more frequent in the HBV/B-infected LC-HCC patients (P < 0.05). In Asia, HBV/B and HBV/C commonly coexist. However, their distribution
[3,4]
[23,35-37]
differs by country . Previous studies have shown that pre-S2 deletion is associated with the development of HCC in Taiwan
. This finding may be due to HBV/B
being more prevalent than HBV/C in Taiwan. HBV/C is predominant in South Korea, where studies have shown that N-terminus pre-S1 deletion mutant with deletion of
[32,33]
the start codon of the L protein correlates with the development of HCC
. The results of the current study indicate that the tendency of different types of pre-S deletion
varies across the HBV genotypes. Therefore, the difference in genotype prevalence in different countries may influence the pattern of pre-S deletion associated with
progressive liver disease.
Notably, one type of N-terminus pre-S1 deletion mutant with deletion of the start codon of the L protein was frequently observed in the HBV/C group (20.9% vs
9.3%, P = 0.228), particularly in the LC patients (42.9% vs 12.5%). These N-terminus pre-S1 deletion mutants are similar to genotype D, which has a deletion of 11
[32,33]
aa in the N-terminus of the L surface protein, as reported in Korean HBV/C-infected patients
. Deletion in the start codon of the L protein may result in no synthesis
of L surface proteins. Because the L protein is essential for binding to hepatocytes, formation of virion envelope, and retention of surface proteins, the absence of L

P < 0.1. ASC: Asymptomatic carriers; CH: Chronic hepatitis; HBV: Hepatitis B virus; LC: Liver cirrhosis; LC-HCC: Liver cirrhotic hepatocellular carcinoma; NC-HCC: Noncirrhotic hepatocellular carcinoma; HBS: Hepatocyte
binding site; CBF: CCAAT binding factor; HSC70: Heat shock protein 70; CAD: Cytosolic anchorage determinant; NBS: Nucleocapsid binding site; VS: Viral secretion; pHSA: Polymerized human serum albumin.

1

N-terminal half of pre-S1 (aa 1-57)
C-terminal half of pre-S1 (aa 58-119)
N-terminus of pre-S2 (aa 1-31)
d183 M
Epitope Mapping
pS1-T1 (aa 12-48 of pre-S1)
pS1-B1 (aa 12-53 of pre-S1)
pS1-B2 (aa 72-78 of pre-S1)
pS1-BT (aa 94-117 of pre-S1)
pS2-B1 (aa 1-6 of pre-S2)
pS2-B2 (aa 3-15 of pre-S2)
pS2-B3 (aa 13-24 of pre-S2)
pS2-T1 (aa 21-48 of pre-S2)
Functional mapping
The start codon of L
HBS (aa 2-48)
S promoter (nt 3045-3189)
CBF (nt 3137-3147)
HSC70 (aa 74-118)
CAD (aa 81-105)
NBS (aa 103-127)
The start codon of M
VS (aa 1-5 of pre-S2)
pHSA (aa 3-16 of pre-S2)

Deletion

Table 4 Frequencies of different types of pre-S deletions in HBV/B- and HBV/C-infected carriers according to their clinical outcome
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proteins not only inhibits infection and virion assembly,
but also facilitates extracellular secretion of surface
proteins. The intracellular retention of surface proteins
of some genotype D strains has been reported in
mixed infection with genotype A, which can induce
hepatic carcinogenesis by activating the ER stress
[38]
pathway . A recent study showed that the L start
codon deletion mutant resulted in the absence of
L proteins and increased levels of intracellular viral
[39]
mRNA and extracellular HBsAg . This finding suggests
that accumulated intracellular viral mRNA might
activate the intracellular toll-like receptors, leading to
the subsequent activation of nuclear factor kappa B
[39]
pathways, chronic inflammation, and carcinogenesis .
The precise pathogenesis caused by these L start codon
deletion mutants should be further researched in the
future to determine whether it is similar to that caused
by genotype D.
Previous studies have frequently detected the
C-terminal half pre-S1 deletion mutant d183M in the
sera of individuals with CH and cirrhosis in different
[40-46]
countries
. This pre-S1 deletion mutant has also
[47]
been found in a child with occult HBV infection . In
the present study, the frequency of this mutant was
examined in HBV carriers with pre-S deletion. The
results show that d183M was detected in 23.2% and
20.9% of the HBV/B- and HBV/C-infected carriers,
respectively, and the frequency of d183M was higher
in the CH patients with HBV/B (33.3%) or HBV/C
(36.4%). The d183M mutant may be generated by a
splicing event, because the boundary of the deletion
contains consensus donor and acceptor splice sites that
[48]
are conserved among all known HBV genotypes .
This phenomenon may explain why this unique C-ter
minal half pre-S1 deletion is frequently observed in
patients with HBV infection. Such a deletion results
in the removal of (1) the Hsc70 binding site and the
CAD essential for the dual topology of L proteins;
(2) the NBS required for virion morphogenesis; and
(3) the S promoter necessary for S and M surface
proteins. Functional characterization of this mutant
revealed a defect in HBsAg secretion and viral packa
[26,43-46]
ging and subsequent virion secretion
. Western
blotting and immunofluorescence analysis showed
that the mutant L surface proteins are poorly secreted,
[26]
heterogeneous, and accumulated within the ER .
Studies have demonstrated that mutant L surface
proteins exhibit direct cytopathic activity when they
[49,50]
retained in the cell
. Several clinical reports have
shown that alanine aminotransferase flare-up and
[43,44]
liver fibrosis occur following this mutation
. These
clinical and functional studies strongly suggest that
this mutant causes liver inflammation. Therefore,
the prevalence and impact of d183M on the clinical
course of infection should be investigated in a large
population.
It is suggested that multiple risk factors may
contribute to the pathogenesis of HBV infection.
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Chronic inflammation, the effect of cytokines, and the
integration of HBV DNA into the host cellular genome
are crucial factors in the development of HCC. In
addition, HBV mutations in X, BCP, PC, and the pre-S/S
region are associated with the severity of liver disease
[6,19-22,51,52]
and the development of HCC
. The dinucleotide
substitution (A1762T, G1764A) is the most common
mutation in BCP. This BCP mutation is associated with
[6,19,20,51]
the higher occurrence of HCC and LC
. Mutations
in PC (G1896A) and X (C1653T and T1753V) are
[6,51,52]
also associated with the development of HCC
.
Moreover, pre-S/S mutations are associated with
fulminant hepatitis, ﬁbrosing cholestatic hepatitis, and
[6,19-22]
the development of cirrhosis and HCC
. Recent
researches suggested that microRNA is involved in
[53]
HBV-related HCC , All of these studies indicated that
both viral and host factors affect HBV pathogenesis.
Additional studies should be conducted to define their
role in the progression of liver disease.
To the best of our knowledge, the present study is
the first comprehensive study of the influence of the
HBV genotype on the emergence of different types of
pre-S deletion mutant. In conclusion, some patterns
of pre-S deletion differ between HBV/B and HBV/C.
The prevalence of different pre-S deletion mutants
differs between HBV/B and HBV/C among patients
with liver disease. These differences are related to
the different HBV genotypes and the different roles
of pre-S1 and pre-S2 deletions in the progression of
liver disease. The precise mechanisms are yet to be
elucidated. Knowledge concerning HBV pre-S deletion
may improve our understanding of HBV-associated
hepatopathogenesis and enable establishing strategies
to reduce the incidence of progressive liver diseases in
patients with hepatitis infection.
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Abstract
AIM
To gather data on the antiviral efficacy and safety
of second generation direct acting antiviral (DAA)
treatment with respect to sustained virological response
(SVR) 12 wk after conclusion of treatment, and to
determine predictors of SVR12 in this setting.

Data sharing statement: Technical appendix, statistical code,
and dataset are available from the corresponding author at
christoph.berg@med.uni-tuebingen.de. Participants consent was
not obtained but the presented data are anonymized and risk of
identification is low.
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METHODS
Two hundred and sixty patients treated with SOF
combination partners PR (n = 51), R (n = 10), SMV (n
= 30), DCV (n = 81), LDV (n = 73), or 3D (n = 15).
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144/260 were pre-treated, 89/260 had liver cirrhosis,
56/260 had portal hypertension with platelets < 100/nL,
25/260 had a MELD score ≥ 10 and 17/260 were postliver transplantation patients. 194/260 had HCV GT1,
44/260 HCV GT3.

INTRODUCTION
Chronic infection with Hepatitis C virus (HCV) is
still one of the main causes for liver disease with a
prevalence of 0.2%-2% in Western countries, while
worldwide about 80 million people are threatened by
[1-4]
HCV . After many years of just moderate sustained
viral response (SVR) rates of around 50%-60%
through all genotypes (GT) under Interferon (IFN)[5-9]
based treatment regimens , in 2011 the first direct
acting antiviral compounds (DAA), the protease
inhibitors (PI) Telaprevir and Boceprevir had been
[10-14]
approved for treatment of HCV GT1
. Beyond
that, promising SVR results obtained in the clinical
trials were shown to be achieved also in “real-world”
[15,16]
settings
. However, treatment with first generation
DAA was only subject to GT1 patients, and antiviral
potency was counteracted by aggravated side-effects.
For the second wave of DAA, diverse drug classes
were developed: (1) polymerase-; (2) NS5A-, as well
as (3) new protease inhibitors (PI). From early 2014
on, consecutively the first-in-class polymerase inhibitor
Sofosbuvir (SOF), a second wave PI Simeprevir (SMV),
the first-in-class NS5A inhibitor Daclatasvir (DCV),
and another NS5A inhibitor Ledipasvir (LDV), were
approved. Accordingly, for the first time, IFN-free
treatments consisting of combinations of these DAA,
with or without Ribavirin (R), were possible, showing
impressive SVR rates and a superior side effect profile.
From 2014 until 2015, SOF constituted the “backbone”
of most combination treatments: in combination with
R alone (SOF/R), with pegylated Interferon and R (SOF/
PR), or combined with SMV (SOF/SMV), DCV (SOF/
DCV), or LDV (SOF/LDV) with or without R. In 2015,
this “monopoly” was tackled by the fixed combination
of Dasabuvir, a non-nucleosidic polymerase inhibitor,
with Ombitasvir, and Paritaprevir/r (3D).
Now, after more than two years since the approval
of SOF and its combination partners, and a year after
approval of the 3D regimen, we here summarize
our experiences with these combination treatments
being obtained in the “real-world” setting of a tertiary
center. This retrospective analysis was conducted to
gather data on the antiviral efficacy and safety of
second generation DAA treatment with respect to
sustained virological response 12 wk after conclusion
of treatment (SVR12), and to determine predictors of
SVR12 in this setting.

RESULTS
Two hundred and forty/256 (93.7%) patients achieved
SVR12 (mITT); 4/260 were lost to follow-up. SVR12
rates for subgroups were: 92% for SOF/DCV, 93% for
each SOF/SMV, SOF/PR, 94% for SOF/LDV, 100% for
3D, 94% for pretreated, 87% for liver cirrhosis, 82%
for patients with platelets < 100/nL, 88% post-liver
transplantation, 95% for GT1a, 93% for GT1b, 90%
for GT3, 100% for GT2, 4, and 6. 12 patients suffered
from relapse, 6 prematurely discontinued treatment,
of which 4 died. Negative predictors of SVR12 were a
platelet count < 100/nL, MELD score ≥ 10 (P < 0.0001),
liver cirrhosis (P = 0.005) at baseline. In Interferonfree treatment GT3 had significantly lower SVR rates
than GT1 (P = 0.016). Side effects were mild.
CONCLUSION
Excellent SVR12 rates and the favorable side-effect
profile of DAA-combination therapy can be well
translated into “real-world”. Patients with advanced
liver disease, signs of portal hypertension, especially
with platelets < 100/nL and patients with GT3 are in
special need for further research efforts to overcome
comparatively higher rates of virological failure.
Key words: Sofosbuvir; Simeprevir; Ledipasvir; Hepatitis
C; Liver transplant; Sustained virological response;
Liver cirrhosis; Side effects; Resistance; Daclatasvir
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: From 2014 on the second wave of direct
acting antiviral agents was available for treatment
of chronic hepatitis C infection. Due to the more
heterogeneous character of patients in the “real
world”, the therapeutic performance of these new
drugs outside randomized clinical trials is of interest.
Therefore, in this monocentric retrospective cohort
study, we analyzed the efficacy, safety, and predictors
of sustained virological response 12 for treatment
with combinations of second generation direct acting
antivirals in a “real-world” setting.
Werner CR, Schwarz JM, Egetemeyr DP, Beck R, Malek NP,
Lauer UM, Berg CP. Second-generation direct-acting-antiviral
hepatitis C virus treatment: Efficacy, safety, and predictors
of SVR12. World J Gastroenterol 2016; 22(35): 8050-8059
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i35/8050.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i35.8050
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MATERIALS AND METHODS
The clinical characteristics of our retrospective cohort
are presented in Table 1. The study cohort includes
all 260 consecutive patients, who were treated at our
center with a DAA containing therapy between January
2014 and December 2015. Treatment decisions were
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different DAA, patients were treated with SOF/R
or SOF/PR respectively, when being started with
treatment in early 2014, until later on additionally
a SOF/SMV combination became available. From
autumn 2014 on, patients were, if possible, treated
with SOF/DCV, and again later on this year, patients
could be treated also with SOF/LDV. From Early 2015
on, patients could also be treated with the 3D regimen.
Proportions of different treatment regimens are shown
in Table 1.
Baseline clinical chemistry is shown in Table 1.
13/260 patients had leukopenia (leukocyte count
< 3000/µL), 56/260 patients presented with throm
bopenia (platelet count < 100/nL). Transaminases
were elevated in 223/260 patients (ALT > 35 IU/mL).
Data of albumin levels were available only on an
occasional basis.
Diagnosis of liver cirrhosis was based upon liver
histology, Fibroscan (> 12.5 kPa), or clinical diagnosis
(e.g., ascites, esophageal varices, distinct sonographic
signs of portal hypertension or liver cirrhosis). For
assessment of severity of liver disease, we calculated
the MELD score. In this retrospective analysis, Child
Turcotte Pugh score or other assessment scores for
severity of liver disease could not be calculated due
[17,18]
to lack of data
. For retrospective identification of
patients with possible portal hypertension, a threshold
of 100 platelets/nL was assumed.
For virological analyses Roche CobasAmpliprep/
Roche CobasTaqMan [Roche Diagnostics GmbH,
Mannheim, Germany; lower limit of quantification
(LLOQ) 15 IU/mL] was used.
The institutional review board of the Medical
Faculty of the University of Tübingen approved this
retrospective analysis and waived the need for written
informed consent because of the anonymous evaluation
of patient data from patient records.
Data were statistically analyzed using Microsoft
Office Excel, SPSS, and Graph Pad Prism. 4/260
patients were lost to follow-up. These patients were
excluded from analysis [modified intention to treat
analysis (mITT)].

Table 1 Characteristics of study cohort patients
Demographics
n
Age
(yr)1
Sex
Male/Female n (%)
Baseline viral characteristics
Genotype 1a/1b/ n (%)/n (%)/n (%)
1x
Genotype 2/3
n (%)/n (%)
Genotype 4/5/6
n (%)/n (%)
Baseline viral load (IU/mL)1

260
53 (44-60)
157 (60)/103 (40)
76 (29)/115 (44)/3(1)
8 (3)/44 (17)
11 (4)/1 (0.4)/2 (0.8)
1.33 Mio.
(414.750-3.4 Mio.)
169 (65)

Baseline viral load n (%)
≥ 800.000 IU/mL
Baseline viral load n (%)
28 (11)
≥ 6 Mio IU/mL
Special populations
LCi2
n (%)
89 (34)
Low platelets (≤
n (%)
56 (22)
100/nL)
Post Liver
n (%)
17 (7)
Transplantation
Patients ≥ 60 yr
n (%)
72 (28)
Patients with
n (%)
25 (10)
MELD score ≥ 10
Treatment history
Treatment
n (%)
144 (55)
experienced
Treatment regimens [thereof liver cirrhosis n (%)]
SOF PR
n (%)/LCi n (%)
51 (20)/6 (12)
SOF R
n (%)/LCi n (%)
10 (4)/4 (40)
SOF SMV
n (%)/LCi n (%)/R n (%)
30 (12)/16 (53)/15 (19)
SOF DCV
n (%)/LCi n (%)/R n (%)
81 (31)/42 (52)/12 (40)
SOF LDV
n (%)/LCi n (%)/R n (%)
73 (28)/17 (23)/16 (22)
3D
n (%)/LCi n (%)/R n (%)
15 (6)/4 (27)/6 (40)
Baseline clinical chemistry
WBC
(/µL)1
5935 (4683-7670)
Hemoglobin
(g/dL)1
14.5 (13.1-15.6)
Platelets
(thousand/µL)1
174 (113-228)
Creatinine
(mg/dL)1
0.7 (0.6-0.8)
Total Bilirubin
(mg/dL)1
0.7 (0.5-1.0)
INR
INR1
1 (1-1)
ALT
IU/l1
67 (44-105)
1

Data are presented as medians (interquartile ranges in parentheses);
By liver histology, Fibroscan (> 12.5 kPa), or by clinical diagnosis (e.g.,
esophageal varices, ascites, distinct ultrasound signs of portal hypertension
or liver cirrhosis). 1x: Genotype 1, no subtype differentiable; LCi: Liver
cirrhosis; MELD: Model of end stage liver disease; P: Pegylated Interferon;
R: Ribavirin; SOF: Sofosbuvir; SMV: Simeprevir; LDV: Ledipasvir; DCV:
Daclatasvir; 3D: Dasabuvir, Ombitasvir, and Paritaprevir/r; WBC: White
blood cell count; INR: International normalized ratio; ALT: Alanineaminotransferase.
2

RESULTS
Analysis of SVR12 rates

The overall SVR12 rate is shown in Figure 1 (93.7%;
240/256 patients mITT; of those, 2/256 patients
discontinued treatment prematurely, but achieved SVR
12; 4/260 patients were lost to follow-up and were
excluded from analysis. SVR12 rates according to GT,
and diverse treatment regimens are shown in Figure
2. Additionally, SVR12 rates according to several
baseline characteristics (sex, age, cirrhosis status,
platelet count, MELD score, viral load, and treatment
experienced patients) and early viral kinetics are
shown in Table 2. SVR12 rates in different GT (1a,
1b, 2, 3, 4, and 6) ranged from 90%-100%. One
additional patient with HCV GT 5 achieved SVR 12.

based on antiviral activity against GT of respective
DAA according to approval, severity of liver disease,
comorbidities, approval of DAA at time-point of treat
ment start, and economic reasons.
If possible, IFN-free treatments were favored.
Treatment of patients presenting hepatic impairment
was postponed, if possible, until IFN-free regimens
were available. 17 patients were treated in the
context of post-liver transplantation, two of these with
cholestatic recurrence of HCV after liver transplantation
who were treated with SOF/DCV in a compassionate
use program. Following the dates of approval of the

WJG|www.wjgnet.com
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100%

1.6%
4.7%

A

4/256
12/256

100%

95%

93%

72/76

106/114

8/8

GT 1a

GT 1b

GT 2

100%

100%

38/42

10/10

2/2

GT 3

GT 4

GT 6

90%

SVR 12

80%
Deaths during treatment

60%
Relapse
93.7%
40%

B

100%

93%

93%

92%

94%

56/60

28/30

73/79

68/72

15/15

SR ± P

SS ± R

SD ± R

SL ± R

3D ± R

HCV RNA negative

SVR 12

20%

1

240/256
0%
SVR 12
1

Figure 1 Overall treatment outcome. Two hundred and sixty consecutive
patients were treated with second generation direct acting antiviral (DAA)
combinations; 14/260 patients lost to follow-up were not included in our analysis
[modified intention-to-treat (mITT) analysis]. Additionally, 2 patients discontinued
treatment prematurely, but achieved sustained virological response (SVR);
accordingly these 2 patients also were counted as SVR12 patients.

Figure 2 SVR12 rates with respect to GT (A), and diverse direct acting
antiviracombinations (B, both modified intention-to-treat). This mITT
analysis excluded patients, who were lost to follow-up (n = 4). Additionally, three
GT1x patients and one GT 5 patient achieved SVR12. For further subgroup
analyses according to baseline parameters see Table 2. 3D: Dasabuvir,
Ombitasvir, and Paritaprevir/r; GT: Genotype; GT1x: Genotype 1, no subtype
differentiable; P: Pegylated Interferon; R: Ribavirin; SR: Sofosbuvir, Ribavirin;
SS: Sofosbuvir, Simeprevir; SL: Sofosbuvir, Ledipasvir; SD: Sofosbuvir,
Daclatasvir; SVR: Sustained virological response.

Depending on different treatment regimens, SVR12
rates ranged from 92%-100%. Special subgroups of
patients known to be “hard-to-treat” (patients postliver transplantation (n = 17)], patients with liver
cirrhosis (n = 89), patients of older age (≥ 60 years; n
= 72), and treatment experienced patients (n = 144)
achieved highly acceptable SVR12 rates in the range of
88%-95%. However, patients with low platelet count
at baseline (< 100/nL; n = 56), and patients with a
MELD score ≥ 10 at baseline (n = 25) achieved SVR12
rates of 82%, and 72%, respectively.

However, in our cohort, treatment experience, sex,
age, baseline viral load, and early virological kinetics
were found not to be significant as predictors of
SVR12.

Virological failure

Virological failure was a rare event. No primary nonresponse or virological breakthrough occurred in
our cohort. In addition, only 12 of the 256 patients
(4.7%, mITT) suffered from virological relapse during
follow-up (see Table 3 for baseline characteristics,
treatment details, and resistance analysis of respective
patients). One patient (No. 9 in Table 3) exhibiting a
liver cirrhosis with Child-Turcotte-Pugh (CTP) stadium
A suffered from relapse after SOF/PR. In this patient
liver function deteriorated upon relapse to CTP stadium
C, and therefore the patient had to be listed for liver
transplantation (at a MELD score of 28). After having
achieved an active listing status, treatment was
initiated with SOF/DCV for 24 wk, leading to SVR12.
During treatment, the liver function restored to CTP
stadium A, and thus, the patient could be de-listed for
liver transplantation again.

Predictors of SVR12

For evaluation of predictors of SVR12, see Table 2.
Presence of liver cirrhosis (P = 0.005), a platelet
count < 100/nL (P < 0.0001), and a MELD score ≥
10 (P < 0.0001) at baseline were significant negative
predictors of SVR12 in our study cohort (univariate
analysis). Multivariate analysis identified a platelet
count < 100/nL (P = 0.031), and a MELD score ≥ 10
(P < 0.0001) at baseline as independent predictors for
achievement of a diminished SVR12 rate (see Table 2
for details).
With respect to GT, in a “per-protocol” subgroup
analysis of GT1 and GT3 patients strictly treated with
IFN-free protocols, GT3 patients had a significantly
lower SVR12 rate than GT1 patients (P = 0.016,
univariate analysis).
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Table 2 Predictive model of sustained virological response analyzed for all patients treated with second generation direct acting
antiviracombination therapy (n = 256)
2

SVR 12 (n/N; %)
Viral kinetics
RVR
vs Non-RVR
Baseline demographic parameters
Fibrosis
Liver Cirrhosis
vs no Liver Cirrhosis
Transplant Status
LTx
vs no LTx
Sex
Male
vs female
Age
Patients ≥ 60 yr
vs < 60 yr
Baseline viral load
High viral load (> 6 Mio IU/mL)
vs low viral load (≤ 6 Mio IU/mL)
Genotype
1
vs 3
Genotype1
1 IFN-free, per protocol
vs 3 IFN-free, per protocol
Baseline platelet count
Platelets ≤ 100/nL
vs > 100/nL
Baseline MELD ≥ 10
MELD ≥ 10
vs MELD < 10
Previous treatment response
Pre-treated
vs treatment-naive

Univariate analysis

Multivariate analysis

Odds ratio (95%CI)

Wald P value

143/152; 94%
83/89; 93%

1.149 (0.395, 3.341)

0.799

0.728

76/87; 87%
164/169; 97%

0.211 (0.071, 0.627)

0.005

0.290

15/17; 88%
225/239; 94%

0.467 (0.097, 2.246)

0.467

0.972

140/153; 92%
100/103; 97%

0.329 (0.091, 1.184)

0.089

0.282

68/71; 96%
172/185; 93%

0.999 (0.959, 1.04)

0.948

0.078

28/28; 100%
212/228; 93%

NA

0.998

0.251

180/192; 93%
38/42; 90%

1.606 (0.510, 5.060)

0.418

0.424

160/164/; 98%
16/20/; 80%

5.000 (1.355, 18.45)

0.016

NA

45/55; 82%
195/201; 97%

0.138 (0.048, 0.401)

< 0.0001

0.24 (0.072, 0.88)

0.031

18/25; 72%
222/231; 96%

0.104 (0.035, 0.313)

< 0.0001

0.117 (0.037, 0.373)

< 0.0001

133/142; 94%
107/114; 94%

0.967 (0.349, 2.681)

0.948

Odds ratio (95%CI)

Wald P value

0.457

1

This analysis excluded patients co-treated with IFN, and patients with premature discontinuation (“per protocol analysis”); 2Number of patients who
achieved SVR12 in category/total number in category. Univariate and multivariate models for prediction of SVR [n = 256, modified intention-to-treat (mITT)
analysis] were used. This mITT analysis excluded patients, who were lost to follow-up (n = 4). Significant calculations (P < 0.05). RVR: Rapid viral response
(hepatitis C virus RNA negative at treatment week 4); LTx: Liver transplantation; SVR: Sustained virological response; NA: Not available.

Premature discontinuation of treatment

For GT1, 8/194 patients (4%) suffered from virolo
gical relapse, for GT3 a rate of 3/41 (9%) was found.
All GT3 patients with relapse had advanced liver
disease (cirrhosis or post-liver transplantation), while
the GT1 cohort of relapsers was more heterogeneous.
This emphasizes the new paradigm of GT3 (with ad
vanced liver disease) being one of the harder-to-treat
GT in the era of DAA (possibly due to an unintended
“misfit design” of DAA with respect to this distinct
genotype). In the group of IFN-free treated patients,
the difference in SVR12 rates between GT1 and 3 was
significant (P = 0.016, univariate analysis; Table 2).
In all patients with virological relapse after IFN-free
DAA treatment resistance analysis was performed:
Patients receiving a NS5A inhibitor always revealed
NS5A-specific resistance associated variants (RAV)
after relapse. Only one patient was detected with a
NS5B-polymerase RAV (see Table 3 for details).
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Altogether, 6 out of 256 (2.3%) patients discontinued
treatment prematurely (see Table 3 for baseline
characteristics, treatment details, and outcome).
Four of those patients died during or shortly after
discontinuation of treatment: two patients developed
sepsis, one patient died from right-sided heart failure,
and one patient died from cerebral hemorrhage. All
these patients suffered from decompensated liver
disease at baseline, two of those additionally were on
immunosuppression due to prior organ transplantation
(liver, and heart, respectively). Notably, these numbers
are much too small to calculate significant associations
between the respective causes of death and the DAAclass which had been used for HCV treatment, but the
mere fact that 4 of our patients died emphasizes the
need for treatment of those patients in an experienced
tertiary center. However, these patients would have
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male

137 (on SOF/R)

1a

Yes, HCC

11

SOF/DCV

12

12
12
12
12
24
24
12
24
12
24
12

12
5
14
8
10
16

Treatment
duration
Sepsis
Intracranial bleeding
Re-LTx, sepsis
Right-heart failure
Back-pain
Hepatic encephalopathy

Cause for premature
discontinuation
death
death
death
death
SVR 24
SVR 24

Outcome

NA
NA
NA
NA
F43F/L
Q80K
T54S, R155K
T54S, V55I,
Q80K
-

RAV NS3
protease

L31M, P58S,
Y93C

NA
NA
NA
NA
A30K
Y93H
L31M, Y93H
Y93H
L31M/L
A30S
Q30E

RAV NS5A

-

NA
NA
NA
NA
S282S/T
-

RAV NS5B
polymerase

One hundred and forty-seven/237 (62%) patients with data available for side effects reported side effects during treatment (depicted in detail in Table 4). In general,
side effects were mild in intensity, thus, just one patient discontinued treatment prematurely due to a self-reported intolerance (i.e., back-pain; Table 3). Overall,
fatigue, headache, bone pain or joint pain, and myalgia were the most frequently reported side effects. As expected, the rate of side effects was found to differ
significantly between patients with IFN-containing regimens versus patients with IFN-free treatment.
Hospital admissions were required during treatment with DAA-based regimens in 22 (8.6%) patients. Some of those patients had to be hospitalized twice or
more. Reasons for hospitalization were: infections (n = 8; 4%), hepatic decompensation (n = 3; 1.5%), cardiovascular disease (n = 3), cholestatic hepatitis after
liver transplantation (n = 2), treatment of hepatocellular carcinoma (n = 2), lumbago, vomitus, and diabetes insipidus, right upper quadrant pain (n = 1, each). Of

Side effects

never been treated at time of IFN-containing regimens.
One patient discontinued due to back-pain after 10 wk of treatment, without contacting our center; nevertheless, this patient was found later on of having achieved
SVR 24. Another patient with HCV GT1a, liver cirrhosis, and a transjugular portosystemic shunt (TIPSS) was discontinued after 4 mo of treatment due to several
episodes of hepatic encephalopathy. Nevertheless, this patient also achieved SVR 24.

BL: Baseline; GT: Genotype; HCC: Hepatocellular carcinoma; LCi: Liver cirrhosis; MELD: Model of end stage liver disease; P: Pegylated Interferon; R: Ribavirin; SOF: Sofosbuvir; SMV: Simeprevir; LDV: Ledipasvir; DCV:
Daclatasvir; TVR: Telaprevir; RAV: Resistance associated variant; HTx: Heart transplantation; LTx: Liver transplantation; TIPSS: Transjugular portosystemic stent shunt; NA: Not available.

57

SOF/R

Previous
treatment

No. 18

BL MELD

SOF/PR
SOF/PR
SOF/PR
SOF/PR
SOF/DCV/R
SOF/DCV
SOF/DCV
SOF/DCV/R
SOF/DCV
SOF/LDV/R
SOF/LDV/R

LCi

PR
PR
PR
PR
TVR/PR
-

GT

SOF/SMV
SOF/LDV
SOF/SMV/R
SOF/LDV/R
SOF/SMV
SOF/DCV

BL viral load,
IU/mL
PR
TVR/PR
PR
TVR/PR
PR

Sex

Patients, who died during treatment, or discontinued treatment prematurely
No. 1
63
male
1.41 Mio
1b
Yes
12
No. 2
66
male
1.69 Mio
1b
Yes, HTx
14
No. 3
55
male
56200
1b
Yes, LTx
24
No. 4
49
male
157000
1a
Yes,
14
No. 5
79
female
5.85 Mio
1b
Yes
6
No. 6
55
male
396000
1a
Yes, TIPSS
10
Patients with relapse after end of treatment
No. 7
54
male
10300
1a
Yes
8
No. 8
63
male
321000
1b
6
No. 9
43
female
408000
1a
Yes
8
No. 10
40
male
2.74 Mio
1b
6
No. 11
48
male
4.89 Mio
3a
No, LTx
11
No. 12
56
female
1.38 Mio
3a
Yes
7
No. 13
38
male
3.39 Mio
1b
6
No. 14
52
male
2.47 Mio
3a
Yes
10
No. 15
55
female
3.03 Mio
1a
6
No. 16
49
male
8340
3
Yes
6
No. 17
52
male
239000
1b
Yes
6

Age (yr)

Table 3 Characteristics of patients, who died during treatment, discontinued treatment prematurely, or suffered from virological
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Table 4 Patient self-reported side effects during treatment, and for comparison of self-reported side effects of PEG-interferon
containing regimen and interferon-free treatment Fisher’s exact test was used
Side effects

Overall

Fatigue
Cephalgia
Bone/joint pain/myalgia
Nausea/vomiting

93
52
38
38

1

2

PEG-IFN co-treatment
39.2%
21.9%
16.0%
16.0%

26
9
12
14

54.2%
18.8%
25.0%
29.2%

3

IFN-free treatment
67
43
26
24

35.4%
22.8%
13.8%
12.7%

P value
0.020
0.697
0.077
0.008
0.163

Insomnia
Vertigo
Flu-like symptoms
Abdominal discomfort/pain
Pruritus
Diarrhea
Any rash
Anorexia
Nervousness
Depression/fear
Dyspnoea
Concentration weakness
Visual changes
Loss of hair
Tachycardia/palpitations
Meteorism
Aggression
Fever/chills
Attacks of sweating
Gingivitis
Cough
Neurological symptoms

28
16
14
17
18
13
14
9
7
5
7
4
4
4
2
3
2
1
1
1
1
1

11.8%
6.8%
5.9%
7.2%
7.6%
5.5%
5.9%
3.8%
3.0%
2.1%
3.0%
1.7%
1.7%
1.7%
0.8%
1.3%
0.8%
0.4%
0.4%
0.4%
0.4%
0.4%

16
6
12
3
4
7
7
4
4
2
4
2
1
1
2
0
2
1
1
0
1
0

33.3%
12.5%
25.0%
6.3%
8.3%
14.6%
14.6%
8.3%
8.3%
4.2%
8.3%
4.2%
2.1%
2.1%
4.3%
0.0%
4.2%
2.1%
2.1%
0.0%
2.1%
0.0%

12
10
2
15
13
6
7
5
3
3
3
2
3
3
0
3
0
0
0
1
0
1

6.3%
5.3%
1.1%
7.9%
6.9%
3.2%
3.7%
2.6%
1.6%
1.6%
1.6%
1.1%
1.6%
1.6%
0.0%
1.6%
0.0%
0.0%
0.0%
0.5%
0.0%
0.7%

< 0.0001
0.102
< 0.0001
1.000
0.755
0.006
0.010
0.085
0.033
0.267
0.030
0.183
1.000
1.000
0.040
1.000
0.040
0.200
0.200
1.000
0.200
1.000

1

Side effect reports were available in 237 of 260 patients; 2In PEG-IFN co-treated patients (n = 51), side effect reports were available in 48 patients; 3In IFNfree treated patients (n = 209), side effects reports were available in 189 patients. Significant calculations (P < 0.05) are printed in bold. IFN: Interferon.

those hospitalized, 4 patients deceased: Two patients
died from infectious complications, and two patients
died from cardiovascular disease (right-heart failure,
intracerebral bleeding, respectively; see above, and
Table 3 for details).
One hundred and ten patients received R as part
of their combination treatment. Of those, 5 patients
had to reduce R dosage due to anemia (4.5%), and 2
due to renal impairment. 2 patients had to completely
withdraw R, one due to pruritus, and the other due to
hemolysis, respectively.

well-compensated liver function only.
The results in our heterogeneous cohort, con
taining meaningful fractions of hard-to-treat patients
(liver cirrhosis, portal hypertension, post-liver tran
splantation) are similar to SVR rates of so far published
study trials: our cohort of PR or R co-treated patients
achieved a SVR rate of 93%, while in the NEUTRINO
trial the cohort treated with SOF/PR achieved a SVR
[19]
rate in previously untreated patients of 90% ,
and the VA-real world cohort achieved SVR12 in
[20]
66.8%-79% .
In other “real-world” analyses with SMV ± R as com
bination partners of SOF, SVR rates of 74.1%-84.2%
[20-22]
were achieved
. In the OPTIMIST study, a phase Ⅲ
[23]
trial, a SVR12 rate of 97% in non-cirrhotic patients ,
while in the OPTIMIST-2 study treating cirrhotic
patients with SOF, SMV ± R, SVR 12 in 83% of patients
[24]
was achieved . However, in our cohort, with more
than half of patients being patients with liver cirrhosis,
we achieved a SVR rate of 93% with this combination
of drugs.
For patients with SOF, DCV ± R as combination
[25]
partners, SVR rates of 86%-93% have been reported .
In our cohort, we were in line with those results and
could achieve a SVR rate of 92%, including two
patients with recurrent cholestatic Hepatitis C post-liver

DISCUSSION
This “real-world” monocentric retrospective cohort
study analyzing safety, efficacy, and predictors of
SVR12 of second generation DAA treatment shows
impressive overall SVR rates (93.7%).
Due to the relatively small number of patients and
the retrospective character of this study a comparison
between subgroups according to DAA combination
partners is only of limited significance.
Furthermore, due to the lesser tolerability and
presumed lower activity of SOF/PR in patients with
advanced liver disease, this treatment a priori was
reserved in our hands to patients showing up with a
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transplantation, one of those being a non-responder to
a prior Telaprevir triple therapy being undertaken postliver transplantation, and both decompensated at the
beginning of treatment.
In previously treated and untreated patients with
HCV, a combination of LDV ± R, and SOF led to SVR
[26-28]
rates of 94%-99%
, which is in line with results of
our cohort, in which we could register a SVR12 rate of
94%, while in another real-world analysis, SVR rates
[29]
of 91.3%-92% were achieved .
For our small group of 3D regimen-receiving
patients, we could achieve SVR in 100%, while in
the Phase Ⅲ trials SVR rates of 91.8%-99.5% were
[30,31]
observed
.
Thus, altogether, favorable SVR rates achieved
in the randomized controlled clinical trials could be
translated into the “real-world”, and importantly, in our
cohort; even extra hard-to-treat groups of patients
exhibited favorable treatment outcomes (SVR12 postliver transplantation: 88%, SVR12 in cirrhotic patients
with platelets < 100/nL: 82%), which exceed results
[15,32]
with former treatment options by far
.
Nevertheless, patients with liver cirrhosis show
significantly lower response rates (87% with liver
cirrhosis, 97% without; P = 0.005), and especially
those with advanced portal hypertension (platelets <
100/nL), or high MELD score (≥ 10) show significantly
lower SVR12 rates than patients without (P < 0.0001,
uni- and multivariate analysis). These findings were
also observed in other real world studies with low
platelets, low albumin and liver cirrhosis as negative
[21,33,34]
predictors of SVR in larger cohorts
. Thus, this
subgroup of patients still resembles a group of patients
in the “catch 22”-situation of being in the greatest
need of treatment while showing the lowest response
rates. Moreover, the whole drug class of HCV protease
inhibitors (represented by SMV, and Paritaprevir/r) is
not recommendeded for those patients (CTP B “plus”)
due to hepatotoxicity. Therefore, new strategies are
needed to tackle this problem, e.g., by implementation
of screening programs to identify patients infected
with HCV at an early stage of their liver disease, and
more importantly by development of more potent
agents in the near future. However, 4 patients were
lost in our cohort. Even if not associated with antiHCV medication, this emphasizes, that treatment of
patients with advanced liver disease should remain in
the hands of experienced tertiary centers even in times
of “easy” treatment with second generation DAA.
In our cohort, results of early viral kinetics had
no impact on prediction of SVR12, thus costly “inbetween” measurements of HCV viral load possibly are
expendable.
Previous treatment with PR may not play a role any
more in treatment decisions, as in our cohort previous
treatment was not identified as a negative predictor of
[21]
SVR, as it was in the HCV-TARGET cohort .
Most probably due to the favorable tolerability and
low-toxicity profile of second generation DAA, and
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the omission of pegylated Interferon, now also senior
patients benefit from SOF-based DAA treatment on
[21]
the same scale as younger patients do .
Another subgroup of patients in need of further
research efforts seems to be the one with GT3: Even
though we could achieve a favorable overall SVR rate
of 90%, at least in IFN-free treatment regimens, the
SVR rates in a “per-protocol” analysis are significantly
lower in GT3 patients than in GT1 (80% in GT3, 98%
in GT1, respectively, P = 0.016; univariate analysis),
again with a special negative focus on patients
with GT3 and concomitant advanced liver disease.
Moreover, means are limited with respect to treatment
of GT3 due to the insufficient antiviral activity of
protease- and NS5A-inhibitors (except DCV) in this
GT. However, new pangenotypic NS5A inhibitors like
Velpatasvir or upcoming new pangenotypic protease
inhibitors hopefully close that gap in the near future.
However, since DAA treatment forms RAVs in the
viriom of patients, pretreatment with DAA of any
generation has to be considered more and more in
future treatment attempts after any prior exposure
to DAA. All patients in our cohort, who suffered
from virological relapse showed RAVs at time-point
of relapse. Especially NS5A-RAVs are frequent due
to the low resistance barrier of NS5A-inhibitors, as
exemplified also in our “real-word” cohort. Since NS5ARAVs lead to just minimal impairment of viral “fitness”,
unfortunately they are detectable for a long time in
[35]
exposed patients . While for some RAVs (like NS5A
L31M, Y93H) clear associations between existence of
RAV and virological failure exist, for others (like NS5A
[35]
A30S) this association is not well established . This
may lead to confusion in case of a future re-treatment,
if minor RAVs have been detected, and even more in
case of a baseline test in treatment naïve patients.
However, as the population of patients with relapse
after DAA treatment grows, the need for controlled
trials with new DAA-combinations (e.g., pangenotypic
protease inhibitor) for those patients to address this
problem is obvious. Therefore, after virological relapse
we recommend resistance testing for individualized
adjustment of future DAA therapies.
In our retrospective analysis excellent SVR12
rates of second generation DAA could be translated
from the large study trials into “real-world” scenarios.
Patients with advanced liver disease, signs of portal
hypertension, especially with platelets < 100/nL, or
MELD ≥ 10, and patients with GT3 are at relatively
higher risk to suffer from virological failure and
development of resistance associated variants after
exposure to DAA. To overcome this unsolved problem,
further research efforts are needed.
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Paritaprevir/r) was available for treatment of chronic hepatitis C infection. In
randomized clinical trials, superb rates of sustained virological response (SVR)
12 could be achieved.

9

Research frontiers

Due to the more heterogeneous character of patients in the “real world”, the
therapeutic performance of these new drugs outside randomized clinical
trials is of interest. Therefore, in this monocentric retrospective cohort study,
we analyzed the efficacy, safety, and predictors of SVR 12 for treatment with
combinations of second generation direct acting antivirals in a “real-world”
setting.

10

Innovations and breakthroughs

11

In this retrospective study, similar SVR rates could be achieved compared
to randomized clinical trials. However, certain subgroups of patients have
significantly lower viral response rates: Significant negative predictors of SVR12
were a platelet count < 100/nL, a MELD score ≥ 10 (both P < 0.0001), liver
cirrhosis at baseline (P = 0.005). Moreover, in Interferon-free treatment patients
with HCV genotype 3 had significantly lower SVR rates than patients with HCV
genotype 1 (P = 0.016). In the future, these subgroups of patients should be
more in the focus of research efforts to overcome lower rates of SVR.

12

Applications

Current retrospective analysis shows that excellent SVR12 rates and the
favorable side-effect profile of direct acting antiviral-combination therapy can be
well translated into “real-world”.

13

Peer-review

Good level-study to be ameliorated in the presentation of characteristics of
cirrhotic patients that are an important part of the studied population.
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ORIGINAL ARTICLE
Retrospective Study

Trajectories of endoscopic Barrett esophagus: Chronological
changes in a community-based cohort
Shouji Shimoyama, Toshihisa Ogawa, Toshiyuki Toma
METHODS
This study comprised 779 patients who underwent
two or more endoscopies between January 2009 and
December 2015. The intervals between the first and
the last endoscopy were at least 6 mo. The diagnosis
of endoscopic BE was based on the criteria proposed
by the Japan Esophageal Society and was classified
as long segment (LSBE) and SSBE, the latter being
further divided into partial and circumferential types.
The potential background factors that were deemed
to affect BE change included age, gender, antacid
therapy use, gastroesophageal reflux disease-suggested
symptoms, esophagitis, and hiatus hernia. Time trends
of a new appearance and complete regression were
investigated by Kaplan-Meier curves. The factors that
may affect appearance and complete regression were
2
investigated by χ and Student-t tests, and multivariable
Cox regression analysis.
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RESULTS
Incidences of SSBE and LSBE were respectively 21.7%
and 0%, with a mean age of 68 years. Complete
regression of SSBE was observed in 61.5% of initial
SSBE patients, while 12.1% of initially disease free
patients experienced an appearance of SSBE. Complete
regressions and appearances of BE occurred constantly
over time, accounting for 80% and 17% of 5-year
cumulative rates. No LSBE development from SSBE
was observed. A hiatus hernia was the only significant
factor that facilitated BE development (P = 0.03) or
hampered (P = 0.007) BE regression.
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CONCLUSION
Both appearances and complete regressions of SSBE
occurred over time. A hiatus hernia was the only
significant factor affecting the BE story.

Abstract
AIM
To elucidate longitudinal changes of an endoscopic
Barrett esophagus (BE), especially of short segment
endoscopic BE (SSBE).
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Key words: Barrett esophagus; Longitudinal vessels;
Progression; Regression; Hiatus hernia
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[10,11]
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possesses a higher risk of dysplasia
or subsequent
[11,12]
esophageal adenocarcinoma than a shorter one
.
Accordingly, every 1cm increase in BE length resulted
in a 28% increase in the risk of high-grade dysplasia
[13]
or esophageal adenocarcinoma . These results,
although inconsistent, give credence to the notion
that SSBE should not be overlooked, and that the
development of SSBE as well as its progression
from SSBE to LSBE may at least increase risks of
esophageal adenocarcinoma. Inversely, a regression
of BE, if it occurs, may be expected to lessen cancer
risks.
In this regard, it is highly important to investigate
changes in BE length and to explore factors associated
with its change. Although many studies focusing on
comparisons between longer and shorter BE at a given
point consistently proved that a longer BE length was
[14]
[15]
associated with obesity , the Caucasian race ,
[16]
[16-19]
older age , a longer hiatus hernia
, a longer
duration of acid exposure and subsequent GERD
[16,18]
symptoms
, while proton pump inhibitor (PPI) use
[16,17]
correlated with shorter BE
, the specific factors
that could affect the elongation or regression of BE in
an individual patient are still debated. With regard to
LSBE, several investigators found that a regression
[20,21]
of LSBE was accomplished by PPI use
, no hiatal
[22]
hernia , or length of columnar epithelium and less
[23]
[24-26]
severe GERD , while others did not
. In addition
to such inconsistencies in LSBE, research investigating
chronological changes for SSBE are scanty in the
[16,27,28]
literature
. Motivated by the limited knowledge
on this matter, we have conducted a community-based
longitudinal prospective study and demonstrated that
both the appearance and complete regression of SSBE
could occur constantly over time as well as that a
hiatus hernia contributes to both phenomena.

Core tip: The authors demonstrated that the appea
rance or complete regression of Barrett esophagus
(BE) occurs constantly over time. Both phenomena
are associated with a hiatus hernia but not gastroe
sophageal reflux disease (GERD)-suggested symptoms,
suggesting that the appearance of BE occurs silently.
These findings imply that a lack of GERD-suggested
symptoms is not sufficient to exclude patients from
screening an upper gastrointestinal endoscopy for
identifying BE. The endoscopists should bear in mind
that, along with the silent BE story, they should
not miss the chance for the detection of BE and
subsequent esophageal adenocarcinoma at an early,
presymptomatic stage.
Shimoyama S, Ogawa T, Toma T. Trajectories of endoscopic
Barrett esophagus: Chronological changes in a communitybased cohort. World J Gastroenterol 2016; 22(35): 8060-8066
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i35/8060.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i35.8060

INTRODUCTION
Barrett esophagus (BE), a disease in which a squamous
epithelium at the distal esophagus is replaced by
a specialized intestinal metaplastic epithelium, has
received increasing public health concern because of
its potential for lesions that develop into esophageal
adenocarcinoma. It is one of the histological conse
quences of long lasting gastroesophageal reflux disease
(GERD), and is classified into two types according
to its length. Long segment BE (LSBE) denotes the
length of specialized intestinal metaplasia of 3 cm
or greater, while short segment BE (SSBE) is less
[1,2]
than 3 cm. In contrast to the Western criteria ,
the Japan Esophageal Society proposed the concept
of endoscopically diagnosed BE by the detection of
longitudinal vessels in the distal side of the squamo
columnar junction (SCJ) without any histological
[3,4]
evidence . No requirement of biopsy specimens for
the diagnosis of BE has lead general practitioners to
promote a deeper awareness of the disease among the
general population. We have previously published proof
[5]
of the substantial incidence (22.1%) of SSBE , a rate
comparable to or even higher than those assumed with
[6]
[7]
great variation reported from Western and Asian
countries. Surprisingly, we have also found that two
[5]
thirds of SSBE patients were asymptomatic .
Whether the longer length of BE correlates to higher
malignant potential of esophageal adenocarcinoma
is controversial. Several studies have elucidated that
SSBE and LSBE carry equivalent risks of esophageal
[8,9]
adenocarcinoma
, while a longer Barrett length

WJG|www.wjgnet.com

MATERIALS AND METHODS
Between January 2009 and December 2015, 1883
patients underwent a referral or screening endoscopy.
The various clinical indications of referral endoscopy
[5]
have been listed previously . In brief, indications
of referral endoscopy included GERD suggested
symptoms as listed later or other gastrointestinal
symptoms such as abdominal pain or loss of appetite
with or without a clinically important weight loss. Other
indications unrelated to gastrointestinal symptoms
included abnormalities of laboratory findings or
positive fecal occult blood test. Patients were excluded
from this study if they underwent: (1) therapeutic or
urgent endoscopies; (2) previous gastric or esophageal
surgery including antireflux surgery; or (3) only a
single endoscopy during the study period. Patients with
a total follow up period of less than 6 mo were also
excluded. Patients undergoing previous endoscopic
mucosal resection outside the areas of SCJ were
permitted. Consequently, 779 patients were eligible
for inclusion in this study, each required to have two
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The chronological changes for BE during the follow
up period were categorized into 6 groups using the
following nomenclature: (1) disease free, no BE reco
gnized; (2) persistence, pSSBE or cSSBE at the first
endoscopy and no change thereafter; (3) appearance,
no SSBE at the first endoscopy with a subsequent
appearance of pSSBE or cSSBE at a follow-up endo
scopy; (4) progression, progression from pSSBE to
cSSBE; (5) complete regression, disappearance of
pSSBE or cSSBE; and (6) partial regression, a regre
ssion from cSSBE to pSSBE. The background factors
that potentially affect BE change included age, gender,
antacid therapy use, GERD-suggested symptoms,
esophagitis, and a hiatus hernia. GERD-suggested
symptoms included heartburn, regurgitation, dysphagia,
odynophagia, epigastralgia, belching, nausea and
vomiting, and non-cardiac chest pain, as proposed in the
published questionnaires. Esophagitis was diagnosed
[31]
according to the Los Angeles Classification , and
a grade A or higher was considered evidence of its
presence. Use of a histamine-2 receptor antagonist
or PPI was considered antacid therapy. These factors,
except age, were dichotomized by categorizing either a
presence or absence.

Table 1 Background patient demographics
Mean age, yr (mean ± SD, range)
Gender (male/female)
Antiacid therapy (present/absent)
GERD-suggested symptoms (present/absent)
Esophagitis (present/absent)
Hiatus hernia (present/absent)

68.1 ± 10.8 (27-95)
326/453 (41.8/58.2)
292/487 (37.5/62.5)
414/365 (53.1/46.9)
81/698 (10.4/89.6)
704/75 (90.4/9.6)

Number (%) of patients otherwise stated (n = 779). GERD: Gastroesophageal
reflux disease.

Final findings
No BE
no BE
pSSBE
cSSBE

pSSBE

536 (87.9)
104 (61.5)

cSSBE

74 (12.1)
49 (29.0)
9 (5.3)

Total
610

7 (4.1)

169

Figure 1 Patient distribution of Barrett esophagus change during the
study period. Data are expressed as absolute numbers (percentage). Disease
free: n = 536; Persistence: n = 49; Appearance: n = 74; Progression: n = 7;
Complete regression: n = 104; Partial regression: n = 9. BE: Barrett esophagus;
pSSBE: Partial type short segment Barrett esophagus; cSSBE: Circumferential
type Barrett esophagus.

Statistical analysis

or more endoscopies during the study period; the
presence or absence of, as well as the degrees of BE,
were recorded at each endoscopy. The last date of
st
follow up was 31 December 2015.
The diagnostic procedures and definition of BE have
[5]
described previously . In brief, we have noticed three
important landmarks during endoscopic procedures
with only minimal air inflation: a SCJ, diaphragmatic
hiatus, and esophagogastric junction oriented by
longitudinal vessels - if present, before the fiberscope
was inserted into the stomach to avoid any push
and pull effect of the endoscope. SCJ was defined as
the distinct color difference between a whitish-gray
smooth epithelium and reddish-orange velvety gastric
mucosa. The diaphragmatic hiatus was defined at the
point where the tubular esophagus flared to become
the sac-like stomach. The distal limit of the longitudinal
vessels emanating from the SCJ was defined as the
[29,30]
esophagogastric junction
. Therefore, the area of
longitudinal vessels located distal to the SCJ can be
considered BE without any requirement of histological
[3,4]
evidence
, according to the Japan Esophageal
Society (JES). Therefore, the area between the
diaphragmatic hiatus and distal end of the longitudinal
vessels, or between the diaphragmatic hiatus and SCJ
in the case where no longitudinal vessels are observed,
is recognized as a hiatus hernia. The BE was divided
into two types according to its length: long segment
BE (LSBE), when circumferentially recognized with a
minimal length of 3 cm or more, or short segment BE
(SSBE), for length of less than 3 cm. SSBE was further
categorized as circumferential (cSSBE) and partial
(pSSBE) types.

WJG|www.wjgnet.com

The relationship between these factors and changes in
[32]
BE were investigated by univariate and multivariable
analyses. Fisher’s exact test and Student’s t test were
respectively used for comparison of categorical and
two mean values. Kaplan-Meier curves were used
for the chronological changes for BE, especially for
appearance and complete regression. For patients
classified as disease-free at the first endoscopy,
disease-free probability was calculated by using a
time-length between the date of the first endoscopy
and the date when the first appearance of pSSBE or
cSSBE was noticed. For patients with SSBE at their
first endoscopy, complete regression probability was
calculated by using a time-length between the date of
the first endoscopy and the date when the complete
regression of pSSBE or cSSBE was first noticed.

RESULTS
The 779 patients were followed prospectively by a total
of 2712 endoscopies for an average of 40.7 ± 21.3 mo
(range, 6-81 mo) comprising a total of 31720 patientmonths. Patient baseline characteristics are presented
in Table 1. Overall, 292 (37.5%) patients took PPI or
histamine-2 receptor antagonists.
The patient distributions of the 6 categories of BE
change are given in Figure 1. The incidence of SSBE
at the first endoscopy was 21.7% (169 patients).
Among these, complete regression and progression
from pSSBE to cSSBE was respectively observed
in 104 (61.5%) and 7 (4.1%) patients at their first
endoscopy, while 49 (29.0%) SSBE remained stable
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Figure 2 Kaplan-Meier curve illustrating disease free probability in
patients with no short segment endoscopic Barrett esophagus at the first
endoscopy.

Figure 3 Kaplan-Meier curve illustrating complete regression probability
in patients with short segment endoscopic Barrett esophagus at the first
endoscopy.

during the study period. Among the 610 disease-free
patients at the first endoscopy, SSBE developed in 74
patients, accounting for 12.1% of the appearance rate.
None of the SSBE progressed to LSBE.
Kaplan-Meier analyses revealed that the appearance
and complete regression occurred constantly over time
(Figures 2 and 3). Five-year cumulative disease-free
and complete regression probabilities were 83% and
80%. This meant that 5-year and annual appearance
probabilities of SSBE were respectively 17% and
3.4%. The median persistent period of SSBE who
experienced complete regression was 36 mo.
Multivariable Cox regression analysis revealed
that a hiatus hernia was the only significant factor
which both facilitates BE appearance and hampers
BE regression (Table 2). Esophagitis appeared to
be a marginally significant factor that hampers BE
regression.

to facilitate BE description even for patients with
[5]
conditions liable to bleeding . Especially, the upper limit
of the gastric folds is not located at a fixed position
because it moves upward and downward according
to breathing and the distending volume of air in the
[34]
esophagus . Noteworthily, the Western experts also
recognized the distal margin of the palisade vessels
[35,36]
and value of the Japanese criteria
.
We have found in this study that a new appearance
of SSBE occurred constantly over time, the 5-year
cumulative appearance rate being approximately
17%. To the best of our knowledge, this is the first
report elucidating longitudinal time-trend profiles of
new appearances of BE. Furthermore, a progression
from pSSBE to cSSBE was seen in only a small fraction
of patients (4.1%), findings which are indirectly
supported by the observation of the occurrence of BE
in a fairly rapid fashion, quickly reaching its maximal
[37]
length with little increase thereafter .
In the present study, the complete regression
rate was 61.5% at a mean follow-up length of 41
mo, and the 5-year cumulative complete regression
rate was 80%. Controversies appear to exist in the
literature concerning the rates and time-trend of
BE regression. The complete regression rate in the
present study is higher than those in the literature,
[16,22,27,28]
ranging from 7%-44%
. In addition, antireflux
[38]
surgery achieved steady SSBE regression , while a
lack of further regression even after PPI therapy was
[20]
noted . However, direct comparisons of regression
rates between previous studies and ours must be
viewed with caution. In the previous studies, most
patients were LSBE or the initial length of BE was
[16,22,27]
at least 5 mm
, while only SSBE patients even
with partial types, regardless of length, were included
in the present study. Although different criteria of
SSBE at study entry undoubtedly make investigations
difficult to compare, our results suggest that the
cohort including pSSBE exhibits a substantial rate of
regression. Indeed, the probability of BE regression
[23,27]
may be length dependent
- a longer length of BE

DISCUSSION
The strength of our study is the simultaneous, multi
variate, and longitudinal analyses investigating time
trends of appearances or regressions of SSBE. Our
main findings are that both the appearance and
complete regression of SSBE occurred steadily over
time, and that a hiatus hernia was the strongest and
the only significant factor related to both phenomena.
In the West, the diagnosis of BE requires multiple,
systematic targeted biopsies confirming specialized
[1]
[2]
intestinal metaplasia or columnar lined epithelium ,
as well as an endoscopic diagnosis of BE following
[33]
Prague C and M criteria . The proximal margin of
the gastric fold is considered the gastroesophageal
junction. On the other hand, it is widely accepted
in Japan that longitudinal vessels emanating from,
and located distally to the SCJ, can be considered
BE, and no histological evidence of a goblet cell is
[3,4]
mandatory
. We have previously discussed the
merits of the Japanese criteria with regard to easy
adoption of these criteria which enables endoscopists
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Table 2 Factors associated with appearance or regression of e short segment Barrett esophagus
Appearance
Age
Gender
Antiacid therapy
GERD-suggested symptoms
Esophagitis
Hiatus hernia

Male
Female
Absent
Present
Absent
Present
Absent
Present
Absent
Present

Complete regression

Hazard ratio (95%CI)

P value

Hazard ratio (95%CI)

P value

0.98 (0.96-1.00)
1
1.01 (0.63-1.62)
1
1.19 (0.74-1.93)
1
0.77 (0.46-1.19)
1
1.09 (0.55-2.15)
1
8.66 (1.20-62.6)

0.11

1.00 (0.98-1.02)
1
1.32 (0.88-1.97)
1
0.73 (0.48-1.14)
1
0.98 (0.64-1.50)
1
0.51 (0.26-1.01)
1
0.13 (0.03-0.58)

0.750

0.98
0.47
0.22
0.80
0.03

0.180
0.170
0.920
0.052
0.007

Multivariable Cox regression analysis. GERD: Gastroesophageal reflux disease.

is less likely to regress completely.
Our multivariable analysis revealed that presence
of a hiatus hernia was the only significant factor
that both facilitates BE appearance and hampers BE
regression. In addition, esophagitis was a marginally
significant factor that hampers BE regression. These
findings were supported by previous findings of ex
tremely higher rates of a hiatus hernia among BE
[19]
patients . In addition, management of reflux resulted
in a higher likelihood of BE regression, since antacid
[20,21]
[38,39]
medication
, antireflux surgery
, and the
[22]
presence or absence of hiatal hernia
were noted to
be significant factors associated with BE regression.
Given the role of antacid therapies on BE regression, it
is conceivable that reduced lower esophageal sphincter
pressure and subsequently developed hiatus hernia
may promote BE. These considerations imply the
importance of acid in the pathogenesis of BE.
Hiatus hernia is placed at the upstream condition
that plays a causal role on lower esophageal disorders
such as GERD, esophagitis, and eventual prescription
of antacid medication. This provides one explanation
why other background factors than hiatus hernia were
not selected as significant factors associated with BE
change. In this regard, the mode of categorizing hiatus
hernia may be important, and a mere dichotomized
category of hiatus hernia in the present study is a
potential limitation. However, as discussed earlier, the
length of hiatus hernia may not be fixed and therefore,
the presence of hiatus hernia - a proof of reduced
lower esophageal sphincter pressure - is applied in
the present study rather than its length. Another
potential limitation in this study is that body mass
index or degree of obese - another potential factor
that associated with hiatus hernia - was not included
as a background factor. However, it should be noted
that an association between obesity and BE has been
[40,41]
controversial
.
Surprisingly, our multivariable analysis elucidated
that GERD-related symptoms were not a significant
factor in the appearance or regression of BE. Although
reflux symptoms correlated with longer BE, GERD
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alone is not sufficient to recommend screening an
[42]
upper gastrointestinal endoscopy for identifying BE .
We have previously demonstrated that two-thirds
of SSBE patients had silent symptoms, suggesting
that asymptomatic patients do carry SSBE and their
appearance cannot be predicted by symptoms. These
[5]
[42-45]
previous findings from ours and others
could
raise awareness that changes in findings around
the region of SCJ, either appearance or complete
regression, could occur regardless of GERD-related
symptoms. This could further imply that excluding
patients from screening based on a lack of GERDrelated symptoms could surpress chances of detection
of esophageal adenocarcinoma at an early, presymp
tomatic stage.
In the present study, only 7 patients (4.1%) ex
perienced progression from pSSBE to cSSBE. The
small number of patients experiencing the progression
of SSBE in the present study precludes drawing a
firm conclusion with regard to factors affecting BE
progression. The progression rate of 4.1% in the pre
[46]
sent study was comparable to a previous study ,
in which the majority of SSBE patients remained
stable and its elongation was observed in only 6% of
patients.
Our clinic is one of the institutions which cover
over 130000 residents. Under these circumstances,
our study was conducted at a single community unit
with patients undergoing an endoscopy regardless of
GERD symptoms. Our clinic is a primary institution
where the mean number of endoscopies performed
is approximately 600 per year. Our study holds up as
a representative population sample, being aged 27
to 95 years of residents easily accessible to our clinic,
and thus may differ from all the potentially biased
cohorts reported earlier. This could further support the
idea that the regression rate could be extrapolated
to the general Japanese population. Although our
study did not include Caucasian patients, endoscopists
should continuously be aware of a BE story - both the
regression and appearance of SSBE steadily occurring
- under the circumstances of a substantial incidence of
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hiatus hernias and with the knowledge that substantial
[5,37,42]
numbers of BE patients are asymptomatic
.
In conclusion, both appearances and complete
regressions of SSBE occurred over time. A hiatus
hernia was the only significant factor affecting the BE
story, while substantial numbers of BE patients are
asymptomatic.

3

4

COMMENTS
COMMENTS

5

Background

Despite a growing awareness of Barrett esophagus (BE) in the context of the
risk of esophageal adenocarcinoma, knowledge on time-trends of appearances
and changes of BE, especially short segment endoscopic BE (SSBE), is scarce
in the literature.

6

Research frontiers

Against the background of BE as a susceptible lesion of esophageal
adenocarcinoma, it is important to elucidate longitudinal changes for BE and
factors associated with it. With easy adoption by general practitioners, the
authors applied endoscopic diagnoses of BE by detecting longitudinal vessels
proposed by the Japanese criteria. No requirement of histological findings
enables the facilitation of an endoscopic diagnosis of BE among the general
population and for general practitioners.

7
8

Innovations and breakthroughs

9

The appearance or complete regression of BE occurs constantly over time.
Both phenomena are associated with a hiatus hernia but not gastroesophageal
reflux disease-suggested symptoms, suggesting that the appearance of BE
occurs silently among a non-biased study population that resembles that seen
by the general practitioner.

10

Applications

Despite the incidence of a hiatus hernia being dependent on its diagnostic
criteria, a higher incidence of hiatus hernias and the existence of silent
SSBE motivates endoscopists to assess the distal esophagus in all patients
undergoing an upper endoscopy for any indication. This stance allows the
detection of SSBE at an early stage to enable patients to enter a follow-up
program as well as the early detection of eventual esophageal adenocarcinoma.

11

Terminology

12

Endoscopic BE is defined according to the Japan Esophageal Society. The
existence of longitudinal vessels emanating from the squamocolumnar junction
is defined as endoscopic BE. BE is classified into two categories according to
its length, long segment BE being 3 cm or more, and short segment BE being
less than 3 cm. The length is further classified as partial and circumferential
types. Changes in BE was classified as disease free, or showing persistence,
appearance, progression, complete regression, and partial regression.

13

Peer-review

Although this study is based on the endoscopic diagnosis of BE, the authors’
unbiased population could be considered more suitable than surrogate
unrepresentative clinical samples for quantifying the magnitude of the BE
story. This study contributes important evidence and reliable connections
between the BE story and a silent hiatus hernia, and thus provides guidance
for not overlooking the chance for the detection of BE as well as subsequent
esophageal adenocarcinoma at an early, presymptomatic stage.
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Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
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Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong

II

Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yan-Chang Lei, Hangzhou
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
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EDITORIAL

Segmental colitis associated diverticulosis syndrome
Hugh J Freeman
process occurs mainly in the sigmoid colon, and usually
remains localized to this region of the colon alone.
SCAD most often presents with rectal bleeding and
subsequent endoscopic visualization reveals a well
localized process with non-specific histopathologic
inflammatory changes. Granulomas are not seen,
and if present, may be helpful in definition of other
disorders such as Crohn’s disease of the colon, an entity
often confused with SCAD. Bacteriologic and parasitic
studies for an infectious agent are negative. Normal
rectal mucosa (i.e. , “rectal sparing”) is present and
can be confirmed with normal rectal biopsies. SCAD
often resolves spontaneously without treatment, or
completely after a limited course of therapy with only a
5-aminosalicylate. Recurrent episodes may occur, but
most often, patients with this disorder have an entirely
self-limited clinical course. Occasionally, treatment
with other agents, including corticosteroids, or surgical
resection has been required.
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Core tip: Segmental colitis associated diverticulosis is an
increasingly recognized inflammatory disorder involving
the colon, particularly the sigmoid colon. The disorder
occurs mainly in males, often presents with rectal
bleeding, and endoscopic evaluation usually reveals a
localized non-granulomatous process in the sigmoid
colon, frequently with rectal sparing. The clinical
course is generally self-limited, sometimes resolving
spontaneously or responding to minimal treatment.

Abstract
Segmental colitis associated diverticulosis (SCAD)
has become increasingly appreciated as a form of
inflammatory disease of the colon. Several features
suggest that SCAD is a distinct disorder. SCAD tends
to develop almost exclusively in older adults, predom
inately, but not exclusively, males. The inflammatory
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visualization and histopathologic confirmation of normal
mucosa in the rectum. Multiple diverticula are also
clearly seen. An endoscopic feature of SCAD is that
inflammation is detected within the inter-deverticular
mucosa without necessarily involving diverticular
[11]
[12]
orifices
or as so-called crescentric fold disease .
Similar localized changes have been reported recently
[13]
with ipilimumab-associated colitis . Fever and
[14]
leukocytosis are characteristically absent . Most
routine laboratory studies are normal, including fecal
studies for bacterial and parasitic agents. Serological
markers, specifically perinuclear neutrophil cytoplasmic
antibodies (i.e., pANCA) and anti-Sacchoromyces
cerevisiae antibodies (i.e., ASCA), often positive in
other forms of inflammatory bowel disease including
[15]
ulcerative colitis and Crohn’s disease , have been
[8]
routinely negative , while fecal calprotectin may
be useful in differentiating SCAD from other healthy
[16]
controls or the irritable bowel syndrome .

INTRODUCTION
Segmental involvement of the colon with a localized
inflammatory process was noted in early clinicop
athological descriptions following recognition that
pathological features attributed to Crohn’s disease
of the colon could be distinguished from those of
[1-3]
ulcerative colitis . Even in some of these, however,
diverticular disease, particularly in the sigmoid colon
was noted. In some, Crohn’s disease was considered
to be a co-existent inflammatory process with sigmoid
[4]
diverticulosis, particularly in elderly patients . In
contrast, others believed that this form of segmental
colitis with diverticulosis was a distinct form of
[5]
inflammatory bowel disease . It usually occurred
in the elderly with sigmoid diverticulosis, but failed
to demonstrate other associated features of Crohn’s
disease. In addition, this form of inflammatory process
often appeared to respond to drug therapy and usually
[6,7]
had a benign clinical course .

LONG-TERM STUDIES

SEGMENTAL COLITIS ASSOCIATED
DIVERTICULOSIS SYNDROME

[8]

In a long-term study over a 20-year period , over 80%
(i.e., 21 of 24) received oral 5-ASA (i.e.) medication
while the others elected not to receive treatment.
No patient was treated with oral or intravenous
antibiotics. All subsequently had a complete clinical and
pathological resolution, including those that were not
treated. Over 80% (i.e., 17 of 21) treated with 5-ASA
developed a remission within 6 mo, but some had
persistent symptoms for more than a year, and in one,
recurrent episodes of pain occurred for 7 years. Some
were non-compliant with prescribed 5-ASA, however,
2 eventually resolved completely while 3 others were
administered added prednisone. A total of 3 eventually
required an anterior resection for persistent sigmoid
inflammatory stricture.

In recent years, segmental colitis associated with
diverticulosis, or segmental colitis associated diver
ticulosis (SCAD), has further become recognized as
a distinct clinical and pathological entity. Most cases
occur in males, usually following initial presentation
with rectal bleeding (over 70%). Usually, the entity is
almost exclusively a disorder of the elderly, often after
age 50 years, and in some, referral is often made to
[8]
exclude an occult colorectal malignancy . In some,
diarrhea and/or abdominal pain were also present.
These clinical features substantially differed from the
predominately female sex distribution and younger age
[9]
of patients initially diagnosed with Crohn’s disease
as well as in the occasionally encountered patient with
[10]
Crohn’s disease diagnosed after age 60 years , both
long-term studies from the same center. A prominent
clinical feature, even in long-term follow-up studies,
is responsiveness to limited treatment, often only an
oral 5-aminosalicylate (5-ASA). In some, spontaneous
resolution and remission without medication has
been noted, even in those followed for several years.
Sometimes, however, persistent chronically active and
symptomatic disease developed, or recurrent separate
episodes, all leading to use of corticosteroids and/or
eventual surgical resection, usually of the involved
sigmoid colon segment.

NATURAL HISTORY OF SCAD
[8]

The natural history of SCAD has also been explored .
Although recurrent SCAD was documented over a year
after complete clinical and pathological resolution of the
first episode, over 60% of patients suffering recurrent
SCAD developed their second episode of disease more
than a decade after the initial clinical episode. This
study group was of particular interest because of the
absence of sigmoid colonic neoplasia, given the older
age of this patient group. In 3, endoscopic removal of
colonic adenomas had been completed before clinical
presentation with rectal bleeding and SCAD detection,
while 1 had an adenoma resected after diagnosis of
SCAD. Two others also developed a colon cancer, one
in the rectum 4 years after SCAD had resolved, and
one in the cecum 9 years after SCAD had resolved.
In the latter, a resection was done for an early stage
lesion. Interestingly, recurrent SCAD developed 5 years
later and resolved within 2 mo using 5-ASA alone.
Others have also emphasized the benign nature of this

PATHOLOGICAL AND LABORATORY
FEATURES
SCAD is pathologically defined by a non-specific
segmental or localized non-granulomatous inflammatory
process, usually confined to the sigmoid colon. Rectal
sparing is best documented by direct macroscopic
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segmental inflammatory process in a similar 7-year
[17]
follow-up study .

6

CONCLUSION

7

This entity, SCAD, also should have a very special
[18]
clinical relevance
to physicians caring for patients
with inflammatory bowel disease. First, long-term
studies indicate that the disease appears to often
be a self-limited inflammatory process that resolves
without any future disease episode or requirement for
ongoing treatment. Clearly, there are some similarities
of SCAD to other forms of inflammatory bowel disease,
particularly Crohn’s colitis. Indeed, in a Dutch study,
retrospective evaluation of multiple biopsies and
further appreciation for the disease course resulted
in definition of SCAD in an estimated 8% of cases,
[19]
particularly if diverticulosis was present . As such,
the implications of an inaccurate diagnosis should be
clearly obvious. A case of SCAD in the sigmoid colon
labeled as Crohn’s disease could conceivably lead
the treating physician or clinical trial investigator (in
the case of new forms of therapy) to conclude that a
positive outcome was treatment-related rather than
related to the natural history of an otherwise benign
process. Second, although some inflammationassociated changes in SCAD may be shared with other
forms of inflammatory bowel disease and its treatment,
including expression of tumor necrosis factor alpha
[20]
and its downregulation with treatment , definition
of distinct or “new” inflammatory process that has
the ability to resolve with complete mucosal healing
suggests a critically important need to further explore
the molecular events in SCAD, especially if these could
lead to complete resolution or “cure” of other more
commonly recognized inflammatory processes in the
intestine.
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Abstract
Colorectal cancer (CRC) is a major cause of cancerrelated mortality and morbidity worldwide. While
improved treatments have enhanced overall patient
outcome, disease burden encompassing quality of
life, cost of care, and patient survival has seen little
benefit. Consequently, additional advances in CRC
treatments remain important, with an emphasis on
preventative measures. Guanylyl cyclase C (GUCY2C),
a transmembrane receptor expressed on intestinal
epithelial cells, plays an important role in orchestrating
intestinal homeostatic mechanisms. These effects
are mediated by the endogenous hormones guanylin
(GUCA2A) and uroguanylin (GUCA2B), which bind and
activate GUCY2C to regulate proliferation, metabolism
and barrier function in intestine. Recent studies have
demonstrated a link between GUCY2C silencing and
intestinal dysfunction, including tumorigenesis. Indeed,
GUCY2C silencing by the near universal loss of its
paracrine hormone ligands increases colon cancer
susceptibility in animals and humans. GUCY2C’s role
as a tumor suppressor has opened the door to a new
paradigm for CRC prevention by hormone replacement
therapy using synthetic hormone analogs, such as
the FDA-approved oral GUCY2C ligand linaclotide
(Linzess™). Here we review the known contributions
of the GUCY2C signaling axis to CRC, and relate them
to a novel clinical strategy targeting tumor chemo
prevention.
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polyposis coli, APC; p53)]; and (3) chromosomal
[9-12]
translocations
. Apart from oncogenomic risk
factors leading to CRC, recent work suggests that
loss of the guanylyl cyclase C (GUCY2C) signaling
[13-15]
cascade contributes to CRC susceptibility
. In an
effect preserved across species, CRC is associated
with a near universal loss of the GUCY2C hormone
ligands guanylin and uroguanylin, disrupting intestinal
[14,16-21]
homeostasis and initiating disease progression
.
While the processes by which these hormone ligands
are suppressed in CRC remain unknown, they are
of great interest to better understand mechanisms
of tumorigenesis. This emerging role of GUCY2C as
a tumor suppressor in the intestine, whose loss of
signaling is the result of a hormone deficiency, provides
a unique opportunity to reactivate GUCY2C signaling
[15]
through hormone replacement therapy . This review
highlights recent insights in the GUCY2C-hormone
signaling axis, its relation to the previously defined
hallmarks of CRC, and its potential as a preventative
treatment option.

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

Core tip: Guanylyl cyclase C (GUCY2C) is a tissuespecific transmembrane receptor found in apical mem
branes of intestinal enterocytes that drives intestinal
homeostatic mechanisms and opposes colorectal tumo
rigenesis. The receptor’s endogenous hormone ligands,
guanylin and uroguanylin, are the most commonly lost
gene products in colorectal cancer, making GUCY2C
a potential therapeutic target for tumor prevention
through hormone replacement therapy.
Pattison AM, Merlino DJ, Blomain ES, Waldman SA. Guanylyl
cyclase C signaling axis and colon cancer prevention. World J
Gastroenterol 2016; 22(36): 8070-8077 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i36/8070.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i36.8070

GENETIC PATHWAYS FOR CRC
Sporadic CRC arises predominantly through a characte
ristic accumulation of acquired somatic mutations over
decades, leading to cellular transformation, subsequent
[9,22,23]
adenoma formation, and ultimately malignancy
.
Hereditary CRC, despite comprising a only 15%-30%
of all CRC cases, have helped provide insight into this
stepwise accumulation of mutations implicated in the
[24]
pathogenesis of sporadic CRC .
Almost all inherited colorectal syndromes are
categorized either as familial adenomatous polyposis
[25]
(FAP) or hereditary nonpolyposis CRC (HNPCC) . In
FAP, individuals possess an inactivating mutation in the
adenomatous polyposis coli (APC) gene. Over time,
sporadic mutations to the remaining APC gene result
in cells with complete loss of APC function. These cells
then expand to generate adenomas, some of which
then progress to malignant adenocarcinoma. The APC
protein functions as an essential regulatory element in
the canonical Wnt signaling pathway, preventing the
accumulation of oncogenic β -catenin by promoting its
degradation. In the absence of functional APC, β -catenin
accumulates and translocates to the nucleus, where
it acts as a cofactor for the oncogenic heterodimer
[26]
transcription factor TCF/LEF . This heterodimer
increases transcription of genes involved in cell proli
feration and growth, including the proto-oncogenes
[26]
c-MYC and CCND1 (cyclin D1) . The loss of functional
APC is a key event for adenoma initiation, as it occurs
[22]
early in the morphogenesis model of CRC .
Alternatively, HNPCC arises from mutations to a
protein complex responsible for DNA mismatch repair
[24,27]
(MMR)
. This complex, which is conserved across
biological kingdoms, recognizes and binds mismatched
DNA, then excises and repairs the error. Mutations

INTRODUCTION
Colorectal cancer (CRC) is the fourth most common
cancer in the United States and the second-leading
[1,2]
cause of cancer-associated death . It is estimated
that approximately one million new cases of CRC will
occur in 2016, and approximately 600000 people will
[2,3]
succumb to the disease worldwide . CRC incidence
and mortality rates have experienced a continuous
decline over the past few decades, specifically due to
[4]
marginal improvements in treatment , awareness of
[3]
CRC risk-factors , and routine early detection scree
[5]
ning . However, the high prevalence of adenomatous
polyp diagnoses despite the growth in screening
awareness have led to persistently high morbidity and
mortality rates for CRC, demonstrating the continual
clinical need for improved CRC prevention and treatment
strategies. Currently, CRC prognosis is dependent upon
disease stage, with primary treatment for localized
disease resulting in complete surgical resection of the
tumor. Although surgery has contributed to a 5 year
survival rate of greater than 65%, disease reoccurrence
[6,7]
has been reported in nearly 50% of CRC patients .
With nearly one fourth of patients presenting with
metastatic disease, it is crucial to develop highly
effective therapies targeted towards earlier prevention
and treatment that slows disease initiation and pro
[4,8]
gression .
Colorectal tumorigenesis is widely accepted as
a disease of both sporadic and inherited genomic
instability resulting in three forms of CRC: (1) micro
satellite instability (MSI); (2) chromosomal instability
[CIN; i.e., the activation of oncogenes (K-ras) and
inactivation of tumor suppressors (adenomatous
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in MMR genes, like MSH2 and MLH1, increase the
accumulation of additional DNA mutations, leading
to increased genomic instability, particularly in mic
[27]
rosatellites . Although mutations in MMR genes are
relatively uncommon in sporadic CRC, MSI still occurs
in approximately 10%-15% of cases, indicating that
genomic instability and inadequate DNA repair play
[25,27]
important roles in CRC development
.

endogenous peptide ligands, which also function as
GUCY2C agonists. These ligands, guanylin (GUCA2A)
and uroguanylin (GUCA2B), both expressed in gut
[15,35,36]
epithelial cells
, act locally as autocrine and
paracrine hormones to regulate GUCY2C signaling and
[28,31]
fluid and electrolyte homeostasis
. Additionally,
uroguanylin acts as an endocrine hormone, secreted
into the systemic circulation postprandially to activate
[37-39]
hypothalamic GUCY2C and induce satiety
. Although
GUCY2C signaling is utilized by bacteria to induce
pathogenic diarrhea, several important characteristics
differentiate endogenous guanylin and uroguanylin
from exogenous STa. First, guanylin and uroguanylin
have 10- to 100-fold lower affinities for GUCY2C
than STa. Further, unlike STa, which contains three
disulfide bonds, guanylin and uroguanylin contain only
two disulfide bonds, increasing their susceptibility to
proteolytic degradation in the gut lumen in comparison
[16,35]
to STs
.
The cellular sources of these intestinal peptides
in both rodents and humans have been explored.
Seminal studies utilizing custom antibodies described
guanylin protein expression as confined to mature
goblet cells throughout the rat small intestine and
colon, as well as the columnar epithelial cells of the
[40]
[41]
colon . These data were supported by Brenna et al ,
which utilized in situ hybridization to identify guanylin
mRNA expression in rat and human goblet cells and
colonocytes. Guanylin mRNA also was enriched in both
the rat and human duodenum, however cell-specific
[41]
guanylin expression differed between species .
Immunohistochemistry first identified uroguanylin
protein expression in rat proximal small intestine,
[42]
with enrichment in enterochromaffin cells (EC) . In
contrast, in situ hybridization experiments by Brenna
[41]
et al did not detect uroguanylin mRNA expression in
cells co-expressing CHGA, a marker for EC, in either
rat or human intestine. Although this study further
supported localized expression of uroguanylin in rat
and human proximal small intestine, specifically the
duodenum, the precise cellular origin of uroguanylin
remains incompletely defined.

INTESTINAL HOMEOSTATIC
MAINTENANCE BY THE GUCY2C
SIGNALING AXIS
GUCY2C is one of several mammalian transmembrane
guanylyl cyclase receptors that react to extracellular
[16,28]
signals present in the microenvironment
. GUCY2C
is predominantly expressed on apical brush border
membranes of intestinal enterocytes, transducing
extracellular peptide signals in the gut lumen into
intracellular signaling cascades required for normal
[16,29]
intestinal physiology
. GUCY2C was originally
identified as an orphan receptor for the bacterial heatstable enterotoxin, STa, produced by a number of
enteric bacteria including enterotoxigenic Escherichia
[30]
coli (ETEC) . STa functions as a GUCY2C agonist,
inducing a signaling cascade that causes excess
ive fluid and electrolyte secretion into the intestinal
lumen, which manifests clinically as enterotoxigenic
[31]
“traveler’s” diarrhea . Interaction of STa with the
GUCY2C extracellular ligand-binding domain activates its
cytoplasmic catalytic domain, driving the conversion of
[16,28,29]
GTP to cyclic guanosine monophosphate (cGMP)
.
Intracellular cGMP then operates as a second messe
nger for downstream signaling, specifically activating
cGMP-dependent protein kinase Ⅱ, which then phos
phorylates and activates the cystic fibrosis conductance
regulator (CFTR). Activation of CFTR induces chloride
secretion into the intestinal lumen, generating an
electrochemical gradient that drives sodium into the gut
lumen. Combined with cGMP-induced inhibition of the
sodium-hydrogen exchanger (NHE3), CFTR activation
elevates extracellular solute concentration to generate
an osmotic gradient resulting in fluid accumulation in
[16,28,29]
the lumen
.
To date, two novel mutations in GUCY2C that affect
gastrointestinal motility have been identified. The first,
an autosomal dominant “gain of function” mutation in a
Norwegian family, reflected a non-synonymous mutation
resulting in the substitution of serine for isoleucine
at residue 840 of the GUCY2C catalytic domain. This
mutation increased ligand-dependent cGMP production
which manifested clinically as chronic diarrhea and
increased susceptibility to inflammatory bowel disease
[28,32,33]
(IBD)
. Separately, two autosomal recessive
inactivating GUCY2C mutations were discovered in
two Bedouin families which reduced GUCY2C function
[28,34]
leading to neonatal meconium ileus
.
Exogenous STa is a molecular mimic of two
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GUCY2C SIGNALING AXIS AND CRC
In addition to its role in the regulation of fluid and
electrolyte balance, GUCY2C also serves a protective role
[43,44]
against colorectal tumorigenesis
. The mammalian
intestinal tract is lined with differentiated columnar
cells derived from progenitor cells that differentiate
[45,46]
during their progression along the crypt-villus unit
.
The inner lining of the intestine is one of the most
rapidly renewing tissues in the human body, with the
[47]
entire epithelial surface turning over every 4-5 d .
Consequently, the intestine must coordinate a delicate
balance between cell proliferation, differentiation,
[46-48]
migration and apoptosis to prevent tumorigenesis
.
GUCY2C, expressed in all cells lining the small intestine
and colon, helps maintain this delicate balance. In mice
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-/-

lacking GUCY2C (Gucy2c ) this disrupted homeostasis
manifests as an increase in proliferative cells, poorly
developed differentiated compartments, accelerated cell
cycle, and increased crypt depth, ultimately increasing
[31]
the risk of tumorigenesis .
These observations suggest that events that
impair GUCY2C signaling, such as loss of receptor or
hormone expression, should similarly increase the risk
of tumorigenesis, and this is indeed the case. In that
context, several conditions associated with CRC, such
[32,49,50]
as IBD
and obesity, silence GUCY2C signaling
prior to overt tumorigenesis, re-enforcing the possibility
that silenced GUCY2C mediates the pathogenesis of
[51,52]
tumor initiation and progression
. Importantly, in
both of these cases, GUCY2C silencing is mediated by
impaired ligand expression rather than loss of GUCY2C,
providing a potential therapeutic target in CRC.
Conversely, epidemiological observations revealed
that areas of endemic ETEC, in which inhabitants are
chronically colonized with STa-producing organisms,
have lower rates of CRC than geographic regions free
[16]
of ETEC infections . These observations, coupled
with the observation that guanylin and uroguanylin
are universally lost along the CRC pathophysiological
continuum, strongly suggest a role for GUCY2C as a
[33,43,53]
tumor suppressor
.

precursors to CRC, when treated with the mutagen
+/+
[17]
MNU compared to Gucy2c mice . Because both of
these models rely on DNA damage to induce tumor
formation, these findings suggest that GUCY2C
signaling improves genomic stability. Indeed this was
-/the case, as Gucy2c mice displayed increased DNA
damage, measured by γ -H2AX, as well as an 8-fold
increase in tumors with loss of heterozygosity of the
Min
[18]
Apc gene in Apc
mice . Taken together, these
data demonstrate disruption of GUCY2C signaling is
associated with genomic instability in the intestine that
potentiates tumor initiation and growth.

Proliferation

The regenerating epithelium requires a reservoir of
cells undergoing continuous cycles of proliferation
[56]
in order to preserve intestinal functions , while
tight control of this proliferation is required in order
to oppose tumorigenesis. Loss of GUCY2C function
[17,18]
leads to dysregulated cell cycle progression
, as
[20]
well as expansion of the proliferative compartment .
-/Further, Gucy2c mice have upregulated expression
or activation of oncogenes that promote proliferation,
such as cyclin D1, pRb, β -catenin, and phosphorylated
AKT (pAKT), as well as a decreased expression of
[17,20]
tumor suppressors such as p27 and p21
. In CRC
cells, silencing GUCY2C promotes pAKT-mediated
secretion of tumor growth factor beta (TGF-β), resulting
in increased hepatocyte growth factor expression by
submucosal fibroblasts, which feeds back to produce
epithelial cMET signaling, an important driver of CRC
[57]
proliferation .

Inflammation

Chronic intestinal inflammation, such as in IBD, is a
[32,49,50]
-/well-known risk factor for CRC
. Gucy2c mice
demonstrate increased susceptibility to dextran sodium
[21]
sulfate (DSS)-induced colitis , 2,4,6-trinitrobenzene
[52]
sulfonic acid-induced colitis , as well as lipopoly
[54]
saccharide-induced intestinal injury , while transgenic
overexpression of guanylin (Guca2a+) renders mice
[21]
resistant to DSS-induced colitis . Mechanistically,
this effect appears to be mediated at least in part by
maintaining intestinal epithelial integrity and barrier
[21,48,49,54,55]
-/function
, since Gucy2c mice have reduced
expression of proteins associated with tight-junction
integral proteins, such as occludin, claudin 2, claudin 4,
[21,54]
and JAM-A
. Further, humans with IBD demonstrate
significant decreases in guanylin, uroguanylin, and
[51,52]
GUCY2C mRNA
. Additionally, loss of these proteins
has been linked with increased severity of IBD in
[51]
patients . Together, these data suggest that GUCY2C
signaling protects against chronic inflammation, and
may play a critical role in inflammation-induced CRC.

Reprogrammed Metabolism

Loss of GUCY2C signaling is also associated with
metabolic reprogramming to a more glycolytic
phenotype, an effect seen in many tumor types. For
example, silencing GUCY2C increases expression of
proteins associated with glucose transport (glucose
transporter 1), glycolysis (hexokinase Ⅱ), fatty
acid synthesis (acetylCoA carboxylase) and lactate
production, all of which are characteristic of the
[20]
Warburg metabolic phenotype . Mechanistically,
these effects appear to be mediated by GUCY2Cmediated inhibition of AKT, as constitutively active
AKT eliminated the effects of GUCY2C activation and
promoted a metabolic phenotype synonymous with
[20]
the Warburg effect .
The enhanced cell cycle progression, metabolic
reprogramming and increased oncogenic signaling in
-/[12]
Gucy2c mice also exists in human colon tumors .
Importantly, loss of guanylin and uroguanylin occurs
early in the progression of CRC, as would be expected
in tumors mediated by impaired GUCY2C signaling. In
fact, guanylin loss frequently accompanies APC loss
[58]
in pre-malignant adenomas . While guanylin and
uroguanylin expression is lost by nearly all colorectal
tumors, the precise mechanisms mediating that loss,

Genomic stability and tumorigenesis

In addition to its anti-inflammatory effect, GUCY2C
also helps maintain genomic integrity in the intestine,
Min/+
in both genetic (Apc
) as well as carcinogen [azoxy
[18]
methane (AOM)]-induced mouse models of CRC . In
-/both models, Gucy2c mice exhibited higher rates of
tumorigenesis compared to mice with intact GUCY2C
[18]
signaling . In addition, impaired GUCY2C signaling
resulted in increased aberrant crypt foci, the earliest
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Figure 1 Guanylyl cyclase C receptor signaling, silencing, and reactivation. Ligand-mediated (guanylin and uroguanylin) activation of GUCY2C in the intestinal
epithelial cell leads to accumulation of cGMP. This results in the maintenance of homeostatic mechanism, including regulated proliferation, barrier integrity, and
proper cellular metabolism. Silencing of GUCY2C signaling by loss of hormone ligands leads to changes including increased glycolysis, increased proliferation, and
a leaky intestinal barrier, all associated with colorectal tumorigenesis. These tumorigenic pathways potentially can be regulated with hormone replacement by oral
supplementation with the analog linaclotide which restores GUCY2C signaling to re-establish homeostasis. GUCY2C: Guanylyl cyclase C; cGMP: Cyclic guanosine
monophosphate.

synthetic ligand analogs have been therapeutic (Figure 1).
The feasibility of this prevention paradigm is
underscored by the development and FDA-approval
of linaclotide (Lizness™). Leveraging GUCY2C’s estab
lished secretory function, linaclotide was developed
as an oral therapeutic for patients with constipation[32,63]
type irritable bowel syndrome
. Linaclotide is a
synthetic 14-amino acid peptide that shares stru
[64]
ctural homology with the guanylin peptide family .
Linaclotide’s mechanism of action mimics the canonical
GUCY2C signaling pathway by binding and activating
the mucosal receptor to produce cGMP, supporting its
utilization as a clinical therapeutic to re-establish the
[65]
GUCY2C signaling axis that is lost in CRC . The use of
linaclotide to prevent CRC also has been implicated in a
number of studies examining the protective functions of
GUCY2C signaling. In human CRC cell lines and mice,
treatment with ST and cGMP derivatives reduced the
rate of cell division by increasing endogenous cell cycle
inhibitors and decreasing cell cycle drivers previously
[17-21,35]
discussed
. ST treatment also improved the
-/intestinal hyper-permeability found in Gucy2c mice,
a phenotype associated with loss of barrier function
and susceptibility to intestinal injury, by reconstituting
the expression of several tight junction integral
[21,54]
proteins
. Moreover, oral uroguanylin reduced polyp
Min/+
[66]
formation in Apc
mice . Interestingly, a more
recent study investigating the molecular mechanisms
associated with diet-induced obesity observed that
wild-type mice on a high-fat or high-calorie diet had
increased levels of tumorigenesis to the same extent
-/[19]
observed in Gucy2c mice . These mice exhibited

and the association of those mechanisms with the
different etiologies of CRC (e.g., APC mutation, MSI,
CIN) remain to be defined. Nevertheless, accumulated
evidence suggests a paradigm whereby loss of GUCY2C
signaling represents a pivotal step in the progression
of most colorectal tumors which, in turn, provides a
potential therapeutic target for cancer prevention and/
or treatment by GUCY2C hormone ligand replacement
therapy.

TARGETED GUCY2C HORMONE
THERAPY
Hormone deficiencies underlie a number of debilitating
human diseases, including diabetes, thyroid disorders,
[13]
and more recently CRC : Guanylin is significantly
decreased (100- to 1000 fold) in nearly 90% of all CRC
tumors colorectal tumors when compared to adjacent
[43]
normal mucosa . The observation of a loss of guanylin
expression in human colorectal tumors coupled with
the potentiation of tumorigenesis observed in GUCY2C
knockout mice supports a hypothesis suggesting that
CRC initiates as a disease of hormone insufficiency
and offers the possibility of a new paradigm for CRC
[13,44,59]
treatment
. Importantly, although loss of the
GUCY2C ligands guanylin and uroguanylin occur early
in tumor development, GUCY2C receptor expression
[60-62]
persists in CRC
. This suggests that the receptor is
latent and that signaling can be reconstituted by ligand
supplementation similar to other diseases of hormone
deficiency in which reactivation of signaling using
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diet-induced guanylin loss that recapitulated the
silencing of GUCY2C found in colorectal tumors as
these mice showed elevated p-AKT, cyclin D1, and
β -catenin[19]. This study used a mouse model of
+
intestinal transgenic guanylin expression (VilGuca2a )
to significantly reduce colon tumorigenesis induced by
[19]
high-fat diet and AOM , providing a genetic proof of
concept for guanylin replacement in the prevention of
CRC. In this context, oral administration of GUCY2C
ligands has the capacity to prevent the molecular
pathology associated with CRC, thus allowing for its
translatability into the clinic.

5
6
7

8

9

CONCLUSION
CRC is widely accepted as disease of acquired se
quential mutations leading to genomic instability
and loss of epithelial integrity. However, the initiating
events of epithelial transformation that give rise to
the driving genetic mutations of CRC remain elusive.
The GUCY2C signaling axis is thought to contribute to
tumor initiation as its universal silencing by loss of its
hormone ligands results in increased DNA damage,
increased cell cycle progression, AKT activation, and
deregulation of metabolic processes, which invaria
bly potentiates tumor growth. The loss of GUCY2C
hormones highlights CRC as a potential disease of
paracrine hormone-insufficiency. Direct targeting of the
GUCY2C pathway by hormone replacement therapy
might restore homeostatic mechanisms required for
normal intestinal function and potentially prevent CRC.
The feasibility of hormone replacement therapy in
the prevention and treatment of CRC is underscored
by the development of the FDA-approved GUCY2C
ligand linaclotide (Linzess™), which can be orally
administered to patients to restore GUCY2C activation.
Other GUCY2C-specific peptide compounds currently
are being developed, which will broaden the horizons
of hormone replacement therapy for a number of
gastrointestinal diseases, and could impact the way
CRC is treated in the future. Thus, the paracrinehormone hypothesis proposes a shift in paradigm for
CRC development from irreversible genetic mutations
to reversible signaling mechanisms that can be
managed through oral hormone replacement therapy.

10
11
12

13

14

15

16

17

18

19

REFERENCES
1
2

3

4

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer
J Clin 2016; 66: 7-30 [PMID: 26742998 DOI: 10.3322/caac.21332]
Malvezzi M, Carioli G, Bertuccio P, Rosso T, Boffetta P, Levi
F, La Vecchia C, Negri E. European cancer mortality predictions
for the year 2016 with focus on leukaemias. Ann Oncol 2016; 27:
725-731 [PMID: 26812903 DOI: 10.1093/annonc/mdw022]
Haggar FA, Boushey RP. Colorectal cancer epidemiology:
incidence, mortality, survival, and risk factors. Clin Colon
Rectal Surg 2009; 22: 191-197 [PMID: 21037809 DOI: 10.1055/
s-0029-1242458]
Pai SG, Fuloria J. Novel therapeutic agents in the treatment of
metastatic colorectal cancer. World J Gastrointest Oncol 2016; 8:
99-104 [PMID: 26798440 DOI: 10.4251/wjgo.v8.i1.99]

WJG|www.wjgnet.com

20

21

8075

Kolligs FT. [Colorectal cancer: prevention and early detection].
Dtsch Med Wochenschr 2015; 140: 1425-1430 [PMID: 26402177
DOI: 10.1055/s-0041-102940]
Hawk ET, Levin B. Colorectal cancer prevention. J Clin Oncol 2005;
23: 378-391 [PMID: 15637400 DOI: 10.1200/JCO.2005.08.097]
Taylor DP, Burt RW, Williams MS, Haug PJ, Cannon-Albright
LA. Population-based family history-specific risks for colorectal
cancer: a constellation approach. Gastroenterology 2010; 138:
877-885 [PMID: 19932107 DOI: 10.1053/j.gastro.2009.11.044]
Goldberg RM, Rothenberg ML, Van Cutsem E, Benson AB,
Blanke CD, Diasio RB, Grothey A, Lenz HJ, Meropol NJ,
Ramanathan RK, Becerra CH, Wickham R, Armstrong D, Viele
C. The continuum of care: a paradigm for the management of
metastatic colorectal cancer. Oncologist 2007; 12: 38-50 [PMID:
17227899 DOI: 10.1634/theoncologist.12-1-38]
Fearon ER. Molecular genetics of colorectal cancer. Annu Rev
Pathol 2011; 6: 479-507 [PMID: 21090969 DOI: 10.1146/annurevpathol-011110-130235]
Sameer AS. Colorectal cancer: molecular mutations and
polymorphisms. Front Oncol 2013; 3: 114 [PMID: 23717813 DOI:
10.3389/fonc.2013.00114]
Grady WM. Genomic instability and colon cancer. Cancer
Metastasis Rev 2004; 23: 11-27 [PMID: 15000146 DOI: 10.1023/
A:1025861527711]
Ahmed D, Eide PW, Eilertsen IA, Danielsen SA, Eknæs M,
Hektoen M, Lind GE, Lothe RA. Epigenetic and genetic features
of 24 colon cancer cell lines. Oncogenesis 2013; 2: e71 [PMID:
24042735 DOI: 10.1038/oncsis.2013.35]
Pitari GM, Li P, Lin JE, Zuzga D, Gibbons AV, Snook AE, Schulz
S, Waldman SA. The paracrine hormone hypothesis of colorectal
cancer. Clin Pharmacol Ther 2007; 82: 441-447 [PMID: 17687268
DOI: 10.1038/sj.clpt.6100325]
Li P, Lin JE, Schulz S, Pitari GM, Waldman SA. Can colorectal
cancer be prevented or treated by oral hormone replacement
therapy? Curr Mol Pharmacol 2009; 2: 285-292 [PMID: 20021465
DOI: 10.2174/1874467210902030285]
Blomain ES, Lin JE, Kraft CL, Trela UT, Rock JM, Aing AS,
Snook AE, Waldman SA. Translating colorectal cancer prevention
through the guanylyl cyclase C signaling axis. Expert Rev Clin
Pharmacol 2013; 6: 557-564 [PMID: 23971873 DOI: 10.1586/175
12433.2013.827406]
Basu N, Arshad N, Visweswariah SS. Receptor guanylyl cyclase
C (GC-C): regulation and signal transduction. Mol Cell Biochem
2010; 334: 67-80 [PMID: 19960363 DOI: 10.1007/s11010-0090324-x]
Basu N, Saha S, Khan I, Ramachandra SG, Visweswariah SS.
Intestinal cell proliferation and senescence are regulated by receptor
guanylyl cyclase C and p21. J Biol Chem 2014; 289: 581-593
[PMID: 24217248 DOI: 10.1074/jbc.M113.511311]
Li P, Schulz S, Bombonati A, Palazzo JP, Hyslop TM, Xu Y, Baran
AA, Siracusa LD, Pitari GM, Waldman SA. Guanylyl cyclase C
suppresses intestinal tumorigenesis by restricting proliferation
and maintaining genomic integrity. Gastroenterology 2007; 133:
599-607 [PMID: 17681179 DOI: 10.1053/j.gastro.2007.05.052]
Lin JE, Colon-Gonzalez F, Blomain E, Kim GW, Aing A, Stoecker
B, Rock J, Snook AE, Zhan T, Hyslop TM, Tomczak M, Blumberg
RS, Waldman SA. Obesity-Induced Colorectal Cancer Is Driven by
Caloric Silencing of the Guanylin-GUCY2C Paracrine Signaling
Axis. Cancer Res 2016; 76: 339-346 [PMID: 26773096 DOI:
10.1158/0008-5472.CAN-15-1467-T]
Lin JE, Li P, Snook AE, Schulz S, Dasgupta A, Hyslop TM,
Gibbons AV, Marszlowicz G, Pitari GM, Waldman SA. The
hormone receptor GUCY2C suppresses intestinal tumor formation
by inhibiting AKT signaling. Gastroenterology 2010; 138: 241-254
[PMID: 19737566 DOI: 10.1053/j.gastro.2009.08.064]
Lin JE, Snook AE, Li P, Stoecker BA, Kim GW, Magee MS,
Garcia AV, Valentino MA, Hyslop T, Schulz S, Waldman SA.
GUCY2C opposes systemic genotoxic tumorigenesis by regulating
AKT-dependent intestinal barrier integrity. PLoS One 2012; 7:
e31686 [PMID: 22384056 DOI: 10.1371/journal.pone.0031686]

September 28, 2016|Volume 22|Issue 36|

Pattison AM et al . GUCY2C and cancer prevention
22

23

24
25

26

27

28
29
30
31

32

33

34

35

36

37
38

Cho KR, Vogelstein B. Genetic alterations in the adenoma-carcinoma sequence. Cancer 1992; 70: 1727-1731 [PMID:
1516027 DOI: 10.1002/1097-0142(19920915)70:4+<1727::AIDCNCR2820701613>3.0.CO;2-P]
Drost J, van Jaarsveld RH, Ponsioen B, Zimberlin C, van Boxtel
R, Buijs A, Sachs N, Overmeer RM, Offerhaus GJ, Begthel H,
Korving J, van de Wetering M, Schwank G, Logtenberg M, Cuppen
E, Snippert HJ, Medema JP, Kops GJ, Clevers H. Sequential cancer
mutations in cultured human intestinal stem cells. Nature 2015;
521: 43-47 [PMID: 25924068 DOI: 10.1038/nature14415]
Guanti G, Bukvić N. Hereditary colorectal cancer syndromes.
Acta Chir Iugosl 2000; 47: 23-25 [PMID: 11432238]
Mundade R, Imperiale TF, Prabhu L, Loehrer PJ, Lu T. Genetic
pathways, prevention, and treatment of sporadic colorectal cancer.
Oncoscience 2014; 1: 400-406 [PMID: 25594038 DOI: 10.18632/
oncoscience.59]
Gerlach JP, Emmink BL, Nojima H, Kranenburg O, Maurice
MM. Wnt signalling induces accumulation of phosphorylated
β-catenin in two distinct cytosolic complexes. Open Biol 2014; 4:
140120 [PMID: 25392450 DOI: 10.1098/rsob.140120]
Haraldsdottir S, Roth R, Pearlman R, Hampel H, Arnold CA,
Frankel WL. Mismatch repair deficiency concordance between
primary colorectal cancer and corresponding metastasis. Fam
Cancer 2016; 15: 253-260 [PMID: 26666765 DOI: 10.1007/
s10689-015-9856-2]
Brierley SM. Guanylate cyclase-C receptor activation: unexpected
biology. Curr Opin Pharmacol 2012; 12: 632-640 [PMID:
23131468 DOI: 10.1016/j.coph.2012.10.005]
Arshad N, Visweswariah SS. The multiple and enigmatic roles of
guanylyl cyclase C in intestinal homeostasis. FEBS Lett 2012; 586:
2835-2840 [PMID: 22819815 DOI: 10.1016/j.febslet.2012.07.028]
Schulz S, Green CK, Yuen PS, Garbers DL. Guanylyl cyclase is a
heat-stable enterotoxin receptor. Cell 1990; 63: 941-948 [PMID:
1701694 DOI: 10.1016/0092-8674(90)90497-3]
Steinbrecher KA, Wowk SA, Rudolph JA, Witte DP, Cohen
MB. Targeted inactivation of the mouse guanylin gene results in
altered dynamics of colonic epithelial proliferation. Am J Pathol
2002; 161: 2169-2178 [PMID: 12466132 DOI: 10.1016/S00029440(10)64494-X]
Pitari GM. Pharmacology and clinical potential of guanylyl
cyclase C agonists in the treatment of ulcerative colitis. Drug Des
Devel Ther 2013; 7: 351-360 [PMID: 23637522 DOI: 10.2147/
DDDT.S32252]
Fiskerstrand T, Arshad N, Haukanes BI, Tronstad RR, Pham
KD, Johansson S, Håvik B, Tønder SL, Levy SE, Brackman D,
Boman H, Biswas KH, Apold J, Hovdenak N, Visweswariah
SS, Knappskog PM. Familial diarrhea syndrome caused by
an activating GUCY2C mutation. N Engl J Med 2012; 366:
1586-1595 [PMID: 22436048 DOI: 10.1056/NEJMoa1110132]
Romi H, Cohen I, Landau D, Alkrinawi S, Yerushalmi B,
Hershkovitz R, Newman-Heiman N, Cutting GR, Ofir R, Sivan
S, Birk OS. Meconium ileus caused by mutations in GUCY2C,
encoding the CFTR-activating guanylate cyclase 2C. Am J Hum
Genet 2012; 90: 893-899 [PMID: 22521417 DOI: 10.1016/
j.ajhg.2012.03.022]
Lima AA, Fonteles MC. From Escherichia coli heat-stable
enterotoxin to mammalian endogenous guanylin hormones. Braz J
Med Biol Res 2014; 47: 179-191 [PMID: 24652326 DOI: 10.1590/
1414-431X20133063]
Ikpa PT, Sleddens HF, Steinbrecher KA, Peppelenbosch MP, de
Jonge HR, Smits R, Bijvelds MJ. Guanylin and uroguanylin are
produced by mouse intestinal epithelial cells of columnar and
secretory lineage. Histochem Cell Biol 2016; Epub ahead of print
[PMID: 27246004 DOI: 10.1007/s00418-016-1453-4]
Seeley RJ, Tschöp MH. Uroguanylin: how the gut got another
satiety hormone. J Clin Invest 2011; 121: 3384-3386 [PMID:
21865649 DOI: 10.1172/JCI58297]
Valentino MA, Lin JE, Snook AE, Li P, Kim GW, Marszalowicz
G, Magee MS, Hyslop T, Schulz S, Waldman SA. A uroguanylinGUCY2C endocrine axis regulates feeding in mice. J Clin Invest
2011; 121: 3578-3588 [PMID: 21865642 DOI: 10.1172/JCI57925]

WJG|www.wjgnet.com

39

40

41

42

43

44

45
46
47
48
49

50

51

52

53
54

55

56

8076

Kim GW, Lin JE, Snook AE, Aing AS, Merlino DJ, Li P, Waldman
SA. Calorie-induced ER stress suppresses uroguanylin satiety
signaling in diet-induced obesity. Nutr Diabetes 2016; 6: e211
[PMID: 27214655 DOI: 10.1038/nutd.2016.18]
Li Z, Taylor-Blake B, Light AR, Goy MF. Guanylin, an
endogenous ligand for C-type guanylate cyclase, is produced
by goblet cells in the rat intestine. Gastroenterology 1995; 109:
1863-1875 [PMID: 7498651 DOI: 10.1016/0016-5085(95)90753-X]
Brenna Ø, Furnes MW, Munkvold B, Kidd M, Sandvik AK,
Gustafsson BI. Cellular localization of guanylin and uroguanylin
mRNAs in human and rat duodenal and colonic mucosa. Cell
Tissue Res 2016; 365: 331-341 [PMID: 27044258 DOI: 10.1007/
s00441-016-2393-y]
Perkins A, Goy MF, Li Z. Uroguanylin is expressed by
enterochromaffin cells in the rat gastrointestinal tract.
Gastroenterology 1997; 113: 1007-1014 [PMID: 9287996 DOI:
10.1016/S0016-5085(97)70198-7]
Wilson C, Lin JE, Li P, Snook AE, Gong J, Sato T, Liu C, Girondo
MA, Rui H, Hyslop T, Waldman SA. The paracrine hormone
for the GUCY2C tumor suppressor, guanylin, is universally lost
in colorectal cancer. Cancer Epidemiol Biomarkers Prev 2014;
23: 2328-2337 [PMID: 25304930 DOI: 10.1158/1055-9965.
EPI-14-0440]
Fajardo AM, Piazza GA, Tinsley HN. The role of cyclic
nucleotide signaling pathways in cancer: targets for prevention and
treatment. Cancers (Basel) 2014; 6: 436-458 [PMID: 24577242
DOI: 10.3390/cancers6010436]
Barker N. Adult intestinal stem cells: critical drivers of epithelial
homeostasis and regeneration. Nat Rev Mol Cell Biol 2014; 15:
19-33 [PMID: 24326621 DOI: 10.1038/nrm3721]
Vermeulen L, Snippert HJ. Stem cell dynamics in homeostasis and
cancer of the intestine. Nat Rev Cancer 2014; 14: 468-480 [PMID:
24920463 DOI: 10.1038/nrc3744]
Radtke F, Clevers H. Self-renewal and cancer of the gut: two sides
of a coin. Science 2005; 307: 1904-1909 [PMID: 15790842 DOI:
10.1126/science.1104815]
Peterson LW, Artis D. Intestinal epithelial cells: regulators of
barrier function and immune homeostasis. Nat Rev Immunol 2014;
14: 141-153 [PMID: 24566914 DOI: 10.1038/nri3608]
Steinbrecher KA, Harmel-Laws E, Garin-Laflam MP, Mann EA,
Bezerra LD, Hogan SP, Cohen MB. Murine guanylate cyclase C
regulates colonic injury and inflammation. J Immunol 2011; 186:
7205-7214 [PMID: 21555532 DOI: 10.4049/jimmunol.1002469]
Axelrad JE, Lichtiger S, Yajnik V. Inflammatory bowel disease
and cancer: The role of inflammation, immunosuppression, and
cancer treatment. World J Gastroenterol 2016; 22: 4794-4801
[PMID: 27239106 DOI: 10.3748/wjg.v22.i20.4794]
Lan D, Niu J, Miao J, Dong X, Wang H, Yang G, Wang K, Miao
Y. Expression of guanylate cyclase-C, guanylin, and uroguanylin
is downregulated proportionally to the ulcerative colitis disease
activity index. Sci Rep 2016; 6: 25034 [PMID: 27125248 DOI:
10.1038/srep25034]
Brenna Ø, Bruland T, Furnes MW, Granlund Av, Drozdov I,
Emgård J, Brønstad G, Kidd M, Sandvik AK, Gustafsson BI.
The guanylate cyclase-C signaling pathway is down-regulated
in inflammatory bowel disease. Scand J Gastroenterol 2015; 50:
1241-1252 [PMID: 25979109 DOI: 10.3109/00365521.2015.1038
849]
Cohen MB, Hawkins JA, Witte DP. Guanylin mRNA expression in
human intestine and colorectal adenocarcinoma. Lab Invest 1998;
78: 101-108 [PMID: 9461126]
Han X, Mann E, Gilbert S, Guan Y, Steinbrecher KA, Montrose
MH, Cohen MB. Loss of guanylyl cyclase C (GCC) signaling
leads to dysfunctional intestinal barrier. PLoS One 2011; 6: e16139
[PMID: 21305056 DOI: 10.1371/journal.pone.0016139]
Grootjans J, Thuijls G, Verdam F, Derikx JP, Lenaerts K,
Buurman WA. Non-invasive assessment of barrier integrity and
function of the human gut. World J Gastrointest Surg 2010; 2:
61-69 [PMID: 21160852 DOI: 10.4240/wjgs.v2.i3.61]
Clevers H. The intestinal crypt, a prototype stem cell compartment.

September 28, 2016|Volume 22|Issue 36|

Pattison AM et al . GUCY2C and cancer prevention

57

58

59

60

61

Cell 2013; 154: 274-284 [PMID: 23870119 DOI: 10.1016/
j.cell.2013.07.004]
Gibbons AV, Lin JE, Kim GW, Marszalowicz GP, Li P, Stoecker
BA, Blomain ES, Rattan S, Snook AE, Schulz S, Waldman SA.
Intestinal GUCY2C prevents TGF-β secretion coordinating
desmoplasia and hyperproliferation in colorectal cancer.
Cancer Res 2013; 73: 6654-6666 [PMID: 24085786 DOI:
10.1158/0008-5472.CAN-13-0887]
Steinbrecher KA, Tuohy TM, Heppner Goss K, Scott MC, Witte
DP, Groden J, Cohen MB. Expression of guanylin is downregulated
in mouse and human intestinal adenomas. Biochem Biophys Res
Commun 2000; 273: 225-230 [PMID: 10873591 DOI: 10.1006/
bbrc.2000.2917]
Bryant AP, Busby RW, Bartolini WP, Cordero EA, Hannig G,
Kessler MM, Pierce CM, Solinga RM, Tobin JV, Mahajan-Miklos
S, Cohen MB, Kurtz CB, Currie MG. Linaclotide is a potent and
selective guanylate cyclase C agonist that elicits pharmacological
effects locally in the gastrointestinal tract. Life Sci 2010; 86:
760-765 [PMID: 20307554 DOI: 10.1016/j.lfs.2010.03.015]
Cagir B, Gelmann A, Park J, Fava T, Tankelevitch A, Bittner
EW, Weaver EJ, Palazzo JP, Weinberg D, Fry RD, Waldman SA.
Guanylyl cyclase C messenger RNA is a biomarker for recurrent
stage II colorectal cancer. Ann Intern Med 1999; 131: 805-812
[PMID: 10610624 DOI: 10.7326/0003-4819-131-11-199912070-0
0002]
Carrithers SL, Barber MT, Biswas S, Parkinson SJ, Park PK,
Goldstein SD, Waldman SA. Guanylyl cyclase C is a selective
marker for metastatic colorectal tumors in human extraintestinal
tissues. Proc Natl Acad Sci USA 1996; 93: 14827-14832 [PMID:
8962140 DOI: 10.1073/pnas.93.25.14827]

62

63

64

65

66

Waldman SA, Cagir B, Rakinic J, Fry RD, Goldstein SD, Isenberg
G, Barber M, Biswas S, Minimo C, Palazzo J, Park PK, Weinberg D.
Use of guanylyl cyclase C for detecting micrometastases in lymph
nodes of patients with colon cancer. Dis Colon Rectum 1998; 41:
310-315 [PMID: 9514425 DOI: 10.1007/BF02237484]
Johnston JM, Kurtz CB, Macdougall JE, Lavins BJ, Currie MG,
Fitch DA, O’Dea C, Baird M, Lembo AJ. Linaclotide improves
abdominal pain and bowel habits in a phase IIb study of patients
with irritable bowel syndrome with constipation. Gastroenterology
2010; 139: 1877-1886.e2 [PMID: 20801122 DOI: 10.1053/
j.gastro.2010.08.041]
Busby RW, Bryant AP, Bartolini WP, Cordero EA, Hannig G,
Kessler MM, Mahajan-Miklos S, Pierce CM, Solinga RM, Sun LJ,
Tobin JV, Kurtz CB, Currie MG. Linaclotide, through activation of
guanylate cyclase C, acts locally in the gastrointestinal tract to elicit
enhanced intestinal secretion and transit. Eur J Pharmacol 2010;
649: 328-335 [PMID: 20863829 DOI: 10.1016/j.ejphar.2010.09.019]
Tchernychev B, Ge P, Kessler MM, Solinga RM, Wachtel D,
Tobin JV, Thomas SR, Lunte CE, Fretzen A, Hannig G, Bryant
AP, Kurtz CB, Currie MG, Silos-Santiago I. MRP4 Modulation of
the Guanylate Cyclase-C/cGMP Pathway: Effects on LinaclotideInduced Electrolyte Secretion and cGMP Efflux. J Pharmacol
Exp Ther 2015; 355: 48-56 [PMID: 26216942 DOI: 10.1124/
jpet.115.224329]
Shailubhai K, Yu HH, Karunanandaa K, Wang JY, Eber SL, Wang
Y, Joo NS, Kim HD, Miedema BW, Abbas SZ, Boddupalli SS,
Currie MG, Forte LR. Uroguanylin treatment suppresses polyp
formation in the Apc(Min/+) mouse and induces apoptosis in
human colon adenocarcinoma cells via cyclic GMP. Cancer Res
2000; 60: 5151-5157 [PMID: 11016642]
P- Reviewer: Cormier RT, Zhu yl S- Editor: Ma YJ
L- Editor: A E- Editor: Zhang FF

WJG|www.wjgnet.com

8077

September 28, 2016|Volume 22|Issue 36|

World J Gastroenterol 2016 September 28; 22(36): 8078-8093
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.i36.8078

© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Pediatric non-alcoholic fatty liver disease: Recent solutions,
unresolved issues, and future research directions
Maria Grazia Clemente, Claudia Mandato, Marco Poeta, Pietro Vajro
Maria Grazia Clemente, Pediatric Clinic, Department of
Surgical, Microsurgical and Medical Sciences, University of
Sassari, 07100 Sassari, Italy

First decision: July 29, 2016
Revised: August 4, 2016
Accepted: August 23, 2016
Article in press: August 23, 2016
Published online: September 28, 2016

Claudia Mandato, Pediatrics of AORN Santobono-Pausilipon,
80123 Naples, Italy
Marco Poeta, Pietro Vajro, Pediatrics, Department of Medicine,
Surgery and Dentistry - “Scuola Medica Salernitana”, University
of Salerno, 84081 Baronissi, Italy

Abstract
Non-alcoholic fatty liver disease (NAFLD) in children
is becoming a major health concern. A “multiple-hit”
pathogenetic model has been suggested to explain the
progressive liver damage that occurs among children
with NAFLD. In addition to the accumulation of fat in
the liver, insulin resistance (IR) and oxidative stress
due to genetic/epigenetic background, unfavorable
lifestyles, gut microbiota and gut-liver axis dysfunction,
and perturbations of trace element homeostasis have
been shown to be critical for disease progression and
the development of more severe inflammatory and
fibrotic stages [non-alcoholic steatohepatitis (NASH)].
Simple clinical and laboratory parameters, such as
age, history, anthropometrical data (BMI and waist
circumference percentiles), blood pressure, surrogate
clinical markers of IR (acanthosis nigricans), abdominal
ultrasounds, and serum transaminases, lipids and
glucose/insulin profiles, allow a clinician to identify
children with obesity and obesity-related conditions,
including NAFLD and cardiovascular and metabolic risks.
A liver biopsy (the “imperfect” gold standard) is required
for a definitive NAFLD/NASH diagnosis, particularly to
exclude other treatable conditions or when advanced
liver disease is expected on clinical and laboratory
grounds and preferably prior to any controlled trial
of pharmacological/surgical treatments. However, a
biopsy clearly cannot represent a screening procedure.
Advancements in diagnostic serum and imaging tools,
especially for the non-invasive differentiation between
NAFLD and NASH, have shown promising results, e.g. ,
magnetic resonance elastography. Weight loss and
physical activity should be the first option of intervention.
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[3]

pathogenesis and progression . At disease onset,
NAFLD is characterized by fat accumulation in the liver
(steatosis) and insulin resistance (IR), which is heavily
influenced by a sedentary lifestyle, hypercaloric diets,
genetic susceptibility, and epigenetics; however, the
interactions between these pathomechanisms remains
[4,5]
poorly understood . Other associated comorbidities
can develop in addition to liver damage. NAFLD is the
hepatic manifestation of metabolic syndrome (MetS),
which has been linked with obesity, IR, hypertension
and hyperlipidemia.
Our review presents recent insights into NAFLD
pathogenesis, diagnosis and treatment, underlines a
number of new research achievements that are likely
to impact therapeutic strategies and discusses possible
future perspectives in pediatric research.

Effective pharmacological treatments are still under
development; however, drugs targeting IR, oxidative
stress, proinflammatory pathways, dyslipidemia,
gut microbiota and gut liver axis dysfunction are an
option for patients who are unable to comply with the
recommended lifestyle changes. When morbid obesity
prevails, bariatric surgery should be considered.
Key words: Non-alcoholic fatty liver disease; Childhood
obesity; Non-alcoholic steatohepatitis; Hepatic metabolic
syndrome; Non-alcoholic fatty liver disease diagnosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Due to the high prevalence of obesity world
wide, non-alcoholic fatty liver disease (NAFLD), the
hepatic manifestation of metabolic syndrome, represents
the most common chronic liver disease in children
living in industrialized countries. The present review
summarizes the currently available knowledge on NAFLD
pathogenesis, diagnosis and treatment, highlights
new research achievements that will likely influence
therapeutic strategies and discusses possible future
directions in pediatric research.

FAT ACCUMULATION IN THE LIVER AND
ADIPOSE TISSUE
The liver does not normally store triglycerides (TG),
but TG accumulation in the cytoplasm of liver cells
is not necessarily toxic per se. Overeating causes a
breakdown of physiological mechanisms that regulate
energy harvesting in liver and adipose tissues (AT). In
conditions of excessive feeding, an overload in hepatic
fat accumulation exacerbates IR by interfering with
the phosphorylation of insulin receptor substrates.
Specifically, a key aspect of fat metabolism imbalance
is the dysregulation of insulin signaling pathways, e.g.,
sterol regulatory element binding protein 1; fatty acid
translocase cluster differentiation protein 36 (FAT/
CD36); and hormone-sensitive lipase, which leads to
TG imbalance, fatty acid mitochondrial oxidation, and
[6]
lipoprotein excretion and transport .
Recent insights into lipotoxicity showed that fatty
hepatocytes release large quantities of extracellular
vesicles that transport bioactive molecules, including
mRNA, non-coding RNAs, proteins, DNA and lipids,
to target cells. The signals shuttled by extracellular
vesicles control inflammation and fibrogenesis by
recruiting or activating macrophages and quiescent
[1]
hepatic stellate cells (HSCs), respectively .
AT has emerged as an active and crucial player
in the development of hepatic steatosis and chronic
low-grade inflammation, and it constitutes a key link
between obesity and metabolic dysregulation. TGrich chylomicrons are mainly transported to peripheral
tissues (80%), where free fatty acids (FFAs) are
released and available for uptake via lipoprotein
lipase (LPL). One of the strongest inhibitors of LPL is
[6]
apolipoprotein C-III (ApoC-III) . In individuals with
IR, insulin fails to efficiently suppress ApoC-III in the
liver, which inhibits LPL action in peripheral tissues and
favors the hepatic uptake of TGs-rich chylomicrons
remnants.
In normal conditions, AT protects the body from
excessive exposure to fatty acids. However, exhausting
adipocyte expandability can produce lipotoxicity,

Clemente MG, Mandato C, Poeta M, Vajro P. Pediatric nonalcoholic fatty liver disease: Recent solutions, unresolved issues,
and future research directions. World J Gastroenterol 2016;
22(36): 8078-8093 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i36/8078.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i36.8078

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of
the most common causes of chronic liver disease and
liver-related morbidity and mortality worldwide. NAFLD
has an estimated prevalence of 20%-30% in Western
Countries and 5%-18% in Asia and is associated
with the pandemics of obesity and excessive fructose
consumption. Remarkably, the overall prevalence of
NAFLD in children has reached approximately 10%,
including up to 17% in teenagers and 40%-70%
among obese children. While often benign and selflimiting, steatosis can progress with hepatocyte injury
into non-alcoholic steatohepatitis (NASH) in 3%-5%
of patients. NASH is characterized by lobular and/
or portal inflammation, varying degrees of fibrosis,
[1]
hepatocyte death and pathological angiogenesis .
Although NAFLD progression to advanced fibrosis
and cirrhosis is mainly a chronic phenomenon, liver
[2]
transplantation has been described in youths .

NAFLD PATHOGENESIS: OLD AND NEW
FACTS
The “multiple-hit” hypothesis largely explains NAFLD
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oxidative stress, and peripheral IR. Consequently, AT
acquires a proinflammatory profile characterized by
adiponectin suppression and the promotion of other
adipocytokines, e.g., adiponectin, leptin, resistin, and
tumor necrosis factor-alpha (TNF-α), which leads
to progressive liver damage. In particular, leptin
can activate HSCs and suppress their apoptosis.
Furthermore, peripheral IR independently predicts
hepatic histological characteristics and alters the cardio
metabolic risks in non-diabetic biopsy-proven NAFLD
[7]
patients .

mechanism and de novo lipogenesis in the liver;
however, the prominence of these effects depends on
[6]
the sucrose content in the diet . Hypercaloric diets
enriched in fat and fructose/sucrose may act either by
favoring the occurrence of systemic IR and, in turn,
a dangerous hepatic FA accumulation or by causing
visceral fat deposition and abdominal obesity, which
[9]
are independent risk factors for MetS .
Fructose, a highly lipogenic sugar, is found in fruits
and vegetables with a high fructan content (e.g.,
artichokes, wheat, leeks, garlic) and honey. Fructose,
sucrose and high-fructose corn syrup are used as
added sweeteners, and the high consumption of these
compounds has sparked increasing concern. Fructose
metabolism differs from that of glucose because it is
metabolized almost completely in the liver via GLUT5
and not by the insulin-dependent transporters GLUT1
and GLUT4; thus, fructose metabolism is relatively
unregulated by insulin. Once in hepatocytes, fructose
is mainly converted by fructokinase to fructose
6-phosphate, which is then hydrolyzed into fructose
1-6 bisphosphate by fructose aldolase in order to
enter glycolytic/gluconeogenesis pathways. Fructose
metabolism induces a hepatic depletion of ATP with a
consequent increase in AMP and uric acid. Although
fructose does not acutely increase insulin, fructose can
ultimately increase IR and fasting glucose and insulin
levels. However, the mechanism of action remains to
[10]
be determined .
The metabolic destiny of ingested fructose is
prevalently towards oxidation and conversion to glucose
rather than to TG. Nonetheless, postprandial lipedema is
higher after fructose consumption. Fructose determines
the insulin-independent induction of several hepatic
lipogenic enzymes (e.g., pyruvate kinase, NADP+-de
pendent malate dehydrogenase, citrate lyase, acetyl
CoA carboxylase, fatty acid synthase, and pyruvate
dehydrogenase) and an increase in VLDL production
[11]
and hepatic fat storage . High fructose intake is
linked with hepatocyte apoptosis, hepatic fibrosis and
[10]
dyslipidemia .
In NAFLD patients, ingested fructose may alter
the microbiome, which increases the movement of
endotoxins into the portal system because of increased
tight junction permeability. These changes increase
liver inflammation and IR via Toll-like receptor (TLR)
4 activation. Moreover, obese children with NAFLD
showed an increased absorption and exaggerated
metabolic response to fructose administration when
compared with lean controls. This effect may be due
to the altered intestinal bacterial flora fermentation of
fructose into hydrogen or an up-regulation of fructose
[12]
transporter GLUT5 in the intestinal epithelium .

OXIDATIVE STRESS
Excessive FFA influx to the liver, a known cause of
hepatic IR, overwhelms the mitochondria and causes
the accumulation of incompletely oxidized substrates,
such as fatty acids, ceramide and diacylglycerides.
Increased beta-oxidation reduces the availability of
oxidized cofactors (NAD and FAD) and decreases the
outflow from the respiratory chain, which leads to the
accumulation of electrons, ROS production, and cellular
damage. Mitochondria become the targets of ROSinduced damage. Oxidative changes in respiratory
complexes impair their catalytic functions and cause
mutagenesis of the mitochondrial DNA. This further
worsens oxidative damage, leading to hepatocellular
[8]
death and NASH progression . In addition, mito
chondrial proliferation and differentiation, mostly
regulated by the transcription coactivator peroxisome
proliferator-activated receptor (PPAR)-γ-coactivator-1α,
can be impaired in NASH.
The oxidative stress induced by fatty acid over
load in hepatocytes is derived from mitochondria,
peroxisomes and microsomes. IR significantly in
creases peroxisomal oxidation because insulin is the
principal inhibitor of cytochrome P450 4A (CYP4A), a
key enzyme in this pathway. This inhibition amplifies
cytotoxic ROS and lipid peroxidation. These products
can diffuse into the extracellular space, influence
Kupffer cells and HSCs and induce the nuclear-factor
κB (NFκB) pathway, which causes the subsequent
synthesis of TNF-α and several other proinflammatory
[6]
and fibrogenic cytokines .

SUGARS AND FAT ACCUMULATION
Over the last few decades, the progressively increased
intake of added sweeteners has been associated with
obesity, hypertension, and other components of MetS,
including steatosis and severe liver damage. Obese
children with NAFLD consume more carbohydrates
when compared with their obese counterparts without
NAFLD. High blood glucose levels play a major role
in liver fat accumulation by activating carbohydrate
response element-binding protein (ChREBP), which
physiologically regulates glycolysis and de novo
lipogenesis independently from insulin. Saturated fat
stimulates fatty acid oxidation via a PPARα-dependent
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and trophic functions. Intestinal microorganisms
produce highly conserved molecules, such as patho
gen associated molecular patterns (PAMPs) (i.e.,
lipopolysaccharides/endotoxins), which are recognized
by specific pattern recognition receptors (PRRs),
including TLRs and NOD-like receptors. In NAFLD,
an alteration in gut microbiota and enhanced gut
permeability increase the exposure of the liver to PAMPs
and/or other products of intestinal tissue injury, such
as damage associated molecular patterns. Therefore,
diet- and/or gut-microbiota-dependent increases
in gut-derived products can cross the impaired gut
permeability barrier, activate molecular mechanisms of
innate immune response, and act as possible inductors
[13,14]
of NAFLD progression
.
Conflicting qualitative/quantitative differences in
bacterial flora composition have been found in obese
subjects, possibly due to differences in methodology
and/or host related factors (e.g., immune system
[15]
response and diabetes) . In obese adults, a functional
study showed that the microbiota break down otherwise
non-absorbable polysaccharides into monosaccharides
and short chain fatty acids (SCFAs), which may provide
extra calories. Monosaccharides activate the hepatic
carbohydrate response element binding protein (ChREBP),
which increases hepatic lipogenesis and fat accumulation;
[13]
furthermore, SCFAs induce leptin production .
Recent research suggests a critical role of the
Farnesoid X receptor (FXR) in carbohydrate and lipid
metabolism, regulation of insulin sensitivity and NAFLD
pathogenesis. FXR is a nuclear bile acid (BA) receptor
highly expressed in tissues that participate in BA
metabolism, such as the liver, intestine, and kidneys.
Gut microbiota can change the BA composition of
the host, particularly taurine-conjugated BA, which
can antagonize intestinal FXR and lead to metabolic
dysfunction, including obesity and IR. BA can also
influence NAFLD via activation of hepatic FXR and G
[16,17]
protein-coupled receptor TGR5
.

metabolism, redox cellular state and inflammation
can lead to hepatic steatosis. A single nucleotide
polymorphism (SNP) of the patatin-like phospholipase
3 gene (PNPLA3), which encodes the insulin-regulated
phospholipase adiponutrin, has been shown to be
associated with both hepatic steatosis and inflammatory
changes/fibrosis. Recent studies in pediatric cohorts
showed that patients with the genetic variant PNPLA3
I48M (rs738409; C→G) are more likely to have NAFLD
[20]
but not IR . Furthermore, a high sugar diet strongly
interacts with the PNPLA3GG homozygous variant and
[21]
predicts increased hepatic fat .
A second gene particularly related to the progression
of NAFLD to NASH is the G-protein-coupled-receptor
120 (GPR120), a receptor for polyunsaturated fatty
acids (PUFAs) expressed by adipocytes, Kupffer cells
and hepatocytes. The interaction between PUFAs
and GPR120 expression in macrophages reduces
inflammation by inhibiting NF-κB activity. The GPR120
270H allele reduces the anti-inflammatory action
of the GPR120 receptor. Therefore, 270H carriers
present pathological ALT levels due to liver injury
caused by oxidative stress, mitochondrial dysfunction
[22]
and overproduction of proinflammatory cytokines .
Alimentary supplementation of docosahexaenoic acid
(DHA), an n-3 PUFA in fish oil, has been recently
suggested as a potential therapeutic. DHA activates the
GPR120 receptor, which exerts potent anti-inflammatory
[23]
and insulin-sensitizing activities .
Under conditions of increased hepatic fatty acid
influx or decreased efflux, PPARα activation prevents
the accumulation of TGs by increasing the rate of fatty
acid catabolism. The down regulation of the PPARα
gene induced by the Val227Ala SNP was suggested
to influence NAFLD pathogenesis; however, this effect
was not histologically confirmed in an adult Italian
[24]
population .
PPARγ, a molecular target of glitazones, is highly
expressed in AT and regulates adipocyte differentiation
and FA uptake and storage. Controversial evidence has
suggested a role for the Pro12Ala loss-of-function SNP
[24]
in PPARγ in IR and liver disease progression .

ENDOGENOUS ALCOHOL PRODUCTION
The gut microbiota of healthy subjects produces trace
amounts of endogenous ethanol (EE) from unabsorbed
dietary sugars. In the liver, EE generates acetaldehyde,
which in turn is oxidized to non-toxic acetate. In small
intestinal bacteria overgrowth-related conditions, EE
concentrations are significantly higher than in control
[18]
subjects . Furthermore, recent pediatric studies
suggest that EE in NAFLD patients correlates with
[14]
increased intestinal permeability . Increased blood
ethanol levels in patients with NAFLD might also result
from an insulin-dependent impairment of alcohol
dehydrogenase activity in liver tissue rather than an
[19]
increase in EE synthesis .

OTHER MECHANISMS INVOLVED IN
NAFLD PATHOGENESIS
Iron and copper in pediatric obesity and NAFLD

Trace elements are critical in regulatory, immunologic,
and antioxidant functions by protecting against
inflammation and peroxidation. Disruption of the metal
detoxification processes located in the liver are plausibly
related to NAFLD development via oxidative stress.
Perturbations of iron and copper (Cu) homeostasis have
[25]
been shown to contribute to NAFLD pathogenesis .

Ghrelin-ghrelin O-acyltransferase system in the
pathogenesis of NAFLD

NAFLD-RELATED GENES

The ghrelin-ghrelin O-acyltransferase (GOAT) system

Mutations in several genes involved in lipid and glucose
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has been recently reported to play a crucial role in both
the development of steatosis and its progression to
NASH. The ghrelin-GOAT system is involved in IR, lipid
metabolism dysfunction, and inflammation, all of which
play important roles in the pathogenesis of NAFLD.
The ghrelin-GOAT system is linked to energy and
lipid metabolism, IR, inflammation, and apoptotic cell
death, which are common to both obesity and NAFLD.
Therefore, the role of the ghrelin-GOAT system in
NAFLD has recently become a subject of considerable
interest. The role of ghrelin in appetite regulation
(orexigenic function) and energy metabolism is well
established and is now recognized as a promising
[26]
target for the treatment of obesity and NAFLD .

NAFLD DIAGNOSIS
The initial step of identification requires that primary
care pediatricians calculate and record the BMI at
every visit for every child that is potentially “at risk”
for obesity and NAFLD. NAFLD is generally “a silent
liver disease” because it can present without any
warning signs, and only those who develop NASH with
more severe liver damage will have some symptoms
of chronic liver disease. In clinical practice, NAFLD is
therefore usually suspected based on the findings of
hypertransaminasemia and/or an ultrasonographic
bright liver in an otherwise healthy child who is
th
th
overweight (BMI between 85 and 94 percentile)
th
or obese (BMI ≥ 95 percentile). However, the full
spectrum of histologic NAFLD can also be present with
[31]
normal liver tests. Data from mainly adult studies
show that NAFLD is frequently found in conjunction with
other conditions, such as visceral obesity, hypertension,
hyperinsulinemia, IR or diabetes, dyslipidemia with an
atherogenic lipid profile, or fructose rich diet-related
hyperuricemia. These conditions are also predictors
of liver involvement and/or fibrotic progression. The
available diagnostic procedures for NAFLD include
a number of clinical signs, blood tests and imaging
[32,33]
techniques
.

Implication of vitamin D metabolism

Low levels of vitamin D are associated with obesity
[27]
and NAFLD . Vitamin D receptors are expressed in
a wide range of tissues, including the liver, and the
immune system (e.g., T and B cells, macrophages, and
monocytes). Vitamin D has a paracrine/autocrine role
in the regulation of cell proliferation, differentiation,
apoptosis and immunity. A growing body of evidence
suggests that low levels of 25(OH)D are strongly
associated with MetS. These data are summarized in
a recently published meta-analysis. NAFLD subjects
were 26% more likely to be vitamin D deficient when
[28]
compared with controls . It has been supposed that
the progression of NAFLD caused by western diet
is exacerbated by vitamin D deficiency. Specifically,
activation of TLR2 and TLR4 via CD14/LBP and sti
mulation of downstream inflammatory signaling
molecules leads to steatosis and inflammation. The
metabolic, anti-inflammatory and antifibrotic properties
of vitamin D provide plausible mechanisms by which
vitamin D may influence disease progression and
severity.

CLINICAL SIGNS
At clinical examination, the presence of acanthosis
nigricans, increased waist circumference (WC) and
hepatomegaly should be recorded as they may repre
sent surrogate markers of IR (one of the pathogenic
hits), central/visceral obesity and liver involvement,
respectively. Furthermore, the combination of these
features can suggest NAFLD risk.
[34]
Regarding WC, Lin et al
found that for every
5 cm increase in waist circumference there was an
odds ratio of 1.4 for predicting ultrasonographic
liver steatosis. Increased WC is also associated with
[35,36]
increased hepatic fibrosis
.
Simple screening questionnaires or more speci
fic polysomnography can be used to confirm/rule
out OSAS, a novel pathogenetic factor of NAFLD in
[37]
children .
In female adolescents with NAFLD, a screening for
polycystic ovary syndrome (PCOS) is recommended,
especially when history and clinical examination show
signs of hyper-androgynism (i.e., acne, hirsutism, and
irregular menstrual cycles). Pre-menopausal women
with NAFLD present a high prevalence of PCOS,
which may be because both diseases share common
[38]
pathogenic mechanisms linked to MetS and obesity .
Furthermore, the detection of NAFLD may be
helpful for the early identification of individuals with
an increased cardiovascular (CV) risk. In obese
patients, liver involvement by itself may promote CV
diseases independently of other MetS components.

Obstructive sleep apnea syndrome

Obesity-related obstructive sleep apnea syndrome
(OSAS) is considered to be a risk factor for more
severe NAFLD. OSAS is a sleep disorder characterized
by a complete or partial upper airway obstruction
due to pharyngeal collapse during sleep, snoring,
frequent nocturnal awakenings, sleep deprivation, and
daytime sleepiness. Recently, several studies showed
a correlation between OSAS and the progression of
simple steatosis to steatohepatitis. This progression
may be induced by a chronic intermittent hypoxia
that promotes liver inflammation and fibrosis. Liver
injury occurs through the enhancement of oxidative
stress via the ischemia-reperfusion damage process
and several molecular mechanisms, including the
promotion of inflammatory cytokines (IL-1 and IL-6)
in hepatocytes and macrophages by hypoxia-inducible
factor and NFκB, which then modulates fibrogenesis
[29,30]
and angiogenesis in Kupffer cells and HSCs
.
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[36,46]

Indeed, children with ultrasound-diagnosed NAFLD
and hypertransaminasemia present functional and
morphological vascular changes [i.e., endothelial
dysfunction, impaired flow-mediated dilation of
the brachial artery, increased carotid intima-media
thickness, and altered ventricular functions]. Patients
with NASH are at higher risk for atherosclerosis due to
peripheral IR, pro-atherogenic lipid profile, oxidative
[39]
stress and systemic inflammation . Thus, blood
pressure evaluation, control, and monitoring should be
an integral component of the clinical management of
[40]
children with NAFLD .

diagnose and monitor NAFLD/NASH
. (1) US is
safe, but it is limited by the inability to detect fatty liver
(liver brightness vs kidney parenchymal echogenicity)
[47]
when steatosis involves < 30% of hepatocytes . US
has several advantages for use as a screening tool:
relatively low cost, large diffusion in medical community
and feasibility. US has been used to assess the outcome
efficacy in pediatric trials with good compliance in
[36,48]
children and parents
; (2) generally, MRIs are not
cost-effective, even with certain modifications that
could enable rapid and reproducible measurements of
steatosis and fibrosis. With modern MR spectroscopy
software, the measure of intracellular water and lipid
content can be used to define hepatic steatosis if the
hepatic TG/water ratio is > 0.5. Recently, advanced MRI
for the quantitative assessment of hepatic steatosis
was validated in a pediatric study that confirmed the
correlation and diagnostic accuracy of MRI-estimated
liver proton density fat fraction as a biomarker for
hepatic steatosis when compared with histologic
steatosis grade. Although magnitude-based MRI has the
potential for clinical utility in the evaluation of NAFLD,
there is no current single threshold value with sufficient
[49]
accuracy for diagnosis of children ; and (3) other
radiologic imaging methods can estimate liver stiffness
as a surrogate for liver fibrosis, including transient
elastography (TE), magnetic resonance elastography
(MRE), and acoustic radiation force impulse imaging
[50]
(ARFI) . Perhaps the most promising imaging tool for
differentiation between hepatic steatosis and NASH is
MRE. A recent study underlined the utility of MRE for
discriminating advanced fibrosis (stage 3-4) from mild
fibrosis (stage 0-2) with excellent sensitivity (0.86)
and specificity (0.91). In addition, magnetic resonance
[51]
scanning allows an estimate of total fat tissue .

SERUM LEVELS OF HEPATOBILIARY
ENZYMES AND MOLECULES
Alanine aminotransferase: Although NAFLD is
the most common cause of hypertransaminasemia
[41]
in children and adolescents , elevated Alanine
aminotransferase (ALT) is not a sensitive marker of
disease existence and/or severity at ordinarily used
[42]
thresholds . According to the Screening ALT for
Elevation in Today’s Youth study, normal values of
transaminases for teenagers and children are presently
th
set too high to detect liver steatosis. The 95 percentile
levels for ALT in healthy weight, metabolically normal,
liver disease-free children should be 25.8 U/L for boys
and 22.1 U/L for girls. With this cut-off, the diagnostic
sensitivity raised from 32% to 80 % in boys and from
[43]
36% to 92% in girls .
Aspartate aminotransferase: The evaluation of
both Aspartate aminotransferase (AST) and ALT values
is essential because an increased AST/ALT ratio can
reflect a progressive and more severe condition, such
as fibrotic NASH.

LIVER BIOPSY HISTOLOGY

γ-glutamyl transpeptidase: High serum levels of
γ-glutamyl transpeptidase (GGT) represent a risk factor
[44]
for advanced fibrosis in NAFLD .

The histological spectrum of NAFLD ranges from
simple steatosis to NASH and cirrhosis. Pediatric
fatty liver disease often displays a pattern that is
[52]
distinct from adults. Schwimmer et al
categorized
NASH into three types according to the histological
characteristics: adult type, pediatric type, and over
lap type. The first was characterized by steatosis,
ballooning degeneration, and perisinusoidal fibrosis.
The second and third types (mainly found in children)
were characterized by steatosis, portal inflammation,
and portal fibrosis.
Liver histology remains the mainstay measure for
clinical trials. Biopsies are used both for enrollment and
determining the outcome of clinical trials. End points,
such as reversion of NASH or regression of fibrosis,
may require a clear histological definition. However,
liver biopsies are not exempt from possible sampling
errors, which can result in substantial misdiagnosis
and staging inaccuracies because histological lesions of
NASH may be unevenly distributed throughout the liver
[36]
parenchyma. In 2012 the ESPGHAN panel indicated

Bile acids: Serum bile acids (BA) levels decrease in early
NAFLD and increase during its progression to fibrosis.
Given that BA levels are increased in cirrhotic adults, it
has been postulated that the continuous rise in BA as
NAFLD advances may have a value as a noninvasive
[45]
biomarker for pediatric NAFLD progression .
Glucose, insulin, the homeostatic model assessmentIR and lipid profiles: These should be evaluated in all
children with suspected or diagnosed NAFLD.

IMAGING TECHNIQUES
Imaging methods, such as ultrasounds (US) and
magnetic resonance imaging (MRI) ± chemical shift
imaging or spectroscopy, have been increasingly
approved as noninvasive alternative methods to
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Table 1 Non-invasive diagnostic tests of non-alcoholic fatty liver disease
Hepatic fibrosis scores
AST/ALT ratio
Platelet ratio index (APRI)
Fibrosis (FIB)-4 index
NAFLD Fibrosis score (NFS)
Pediatric NAFLD fibrosis score

Advanced biochemical markers
Cytokeratin 18 fragment levels (CK-18)
Extracellular matrix turnover biomarkers:
Enhanced liver fibrosis (ELF) test
Amino-terminal propeptide III procollagen (PIIINP)
Hyaluronic acid (HA)

Newly proposed markers
Serum potassium
Soluble Fas and Fas Ligand (sFasL)
Plasma catepsin D (CatD)
Circulating zonulin
Adipokines (e.g., chemerin)
Serum Uric Acid (UA)
Vitamin D
Proteomics signature
Metabolomic signature

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; NAFLD: Non-alcoholic fatty liver disease.

that although a liver biopsy is required for a definitive
NAFLD diagnosis, its invasive nature and high cost
prohibit the use of biopsies as a screening procedure.
[53]
The same panel recently highlighted that indications
for liver biopsy in NAFLD are still controversial and
there is limited available evidence for the formulation
of guidelines. Indications for liver biopsy are only based
on expert opinions that must take into consideration
a differential diagnosis and the risk of progression of
liver disease to cirrhosis. For a differential diagnosis,
a liver biopsy should be considered after noninvasive
biochemical and metabolic tests have been completed.
The ESPGHAN panel generally accepted the criteria
[54]
of Roberts et al
and summarized the indications
for liver biopsy: to exclude other treatable disease, in
cases of clinically suspected advanced liver disease,
before pharmacological/surgical treatment, and as part
of a structured intervention protocol or clinical research
trial. In the most frequent age range of pediatric
presentation (children older than 10 years), a liver
biopsy should be considered if hypertransaminasemia
or US hyperechogenicity persists after attempts at
weight reduction and lifestyle changes for 3-6 mo and
if the laboratory workup is still inconclusive. A liver
biopsy should be completed even earlier in patients
with a family history of NASH, hepatosplenomegaly,
comorbidities, hypothalamic expansive processes,
marked hypertransaminasemia, or elevated serum
fibrosis markers.

new “Pediatric NAFLD fibrosis score” (based on ALT,
alkaline phosphatase, platelet counts and GGT) that
appears more capable of predicting advanced fibrosis.
Advanced biochemical markers: hepatocyte
cell death and extracellular matrix turnover:
Biomarkers of hepatocyte cell death, such as
cytokeratin 18 (CK-18) fragment levels, can be used.
Markers of extracellular matrix turnover, such as the
enhanced liver fibrosis test that consists of tissue
inhibitor of metalloproteinases 1, amino-terminal
propeptide of type III procollagen and hyaluronic acid
[56]
(HA), show good correlation with fibrosis stage .
Newly proposed markers: Serum potassium levels
show an inverse relationship with the presence of
aggressive disease (NASH and fibrosis) in children
[57]
with NAFLD . Markers of the extrinsic pathway of
hepatocyte apoptosis [e.g., circulating soluble Fas and
Fas ligand (sFasL) levels] that are elevated in children
[58]
with NASH may be potential novel biomarkers .
Plasma cathepsin D (CatD) holds a high diagnostic
value for distinguishing pediatric patients with hepatic
inflammation from children with simple steatosis. A
reduction in CatD correlates better than ALT and CK-18
with pediatric disease progression, in terms of liver
inflammation severity, steatosis grade, hepatocellular
ballooning, NAFLD activity score, and this correlation
reaches almost maximum accuracy after factoring in
[59]
the CK-18 levels . Circulating zonulin is associated
with the stage of liver disease in obese children with
biopsy-confirmed NAFLD. Increased zonulin values
[60]
correlated with steatosis severity . Serum levels
of classic adipokines (e.g., leptin, adiponectin, and
resistin) are altered in patients with NAFLD. Recently,
the role of novel adipokines (e.g., chemerin, omentin,
and vaspin) has emerged in NAFLD pathogenesis;
however, their serum concentrations in obese
children with NAFLD have been poorly studied.
Chemerin appears to be the most suitable noninvasive biomarker for predicting intrahepatic lipid
[61]
content . Serum uric acid (UA), as a surrogate
marker for fructose intake, is significantly increased
[62]
in children with NASH . Furthermore, elevated UA
levels positively correlate with IR and the number of

NON-INVASIVE INDIRECT DIAGNOSIS OF
NAFLD
A number of non-invasive diagnostic tests for NAFLD
have been proposed and are summarized in Table 1.
Hepatic fibrosis scores: Noninvasive methods
for diagnosing liver fibrosis in patients with NAFLD
include simple fibrosis scores that use readily available
laboratory tests (AST/ALT ratio, AST to platelet ratio
index, fibrosis-4 index, and NAFLD fibrosis score),
These scores were developed in adults and have poor
performance in diagnosing advanced fibrosis in children
[55]
with NAFLD. Recently, Alkhouri et al
developed a
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Table 2 Fatty liver disease: selection of possible causes in children and adolescents
General or systemic
Anorexia nervosa (± refeeding)
Celiac disease
Diabetes mellitus type 1
Hepatitis C
Hypothalamic–pituitary disorders
Inflammatory bowel disease
Obesity/Metabolic syndrome
Obstructive sleep apnea
Polycystic ovary syndrome
Protein calorie malnutrition
Rapid weight loss
Small intestine bacterial overgrowth
Thyroid disorders

[41]

Genetic-metabolic causes
α- and β-oxidation defects
Abeta or hypobetalipoproteinemia
Alpha 1 -antitrypsin deficiency
Cholesterol ester storage disease/LAL
Citrin deficiency
Congenital disorders of glycosylation
Cystic fibrosis/Shwachman syndrome
Familial hyperlipoproteinemias
Glycogen storage disease (Ⅰ, Ⅵ and Ⅸ)
Hereditary Fructose Intolerance
Lipodystrophy
Mitochondrial and peroxisomal defects
Organic acidosis
Porphyria cutanea tarda
Turner syndrome
Urea cycle disorders
Wilson’s disease

Drugs/chemicals
Corticosteroids
Diltiazem
Ecstasy, Cocaine, Solvents
Estrogens
Ethanol
Methotrexate
Nifedipine
Pesticides
Prednisolone
Solvents
Valproate
Vitamin A
Zidovudine and HIV treatments

LAL: Lysosomal acid lypase.

[63]

MetS features . Recent data suggested the possible
protective role of vitamin D against NAFLD and/or
its progression in children. These findings underline
the need to test for NASH as an early, obesityrelated complication when serum vitamin D levels are
persistently low in obese children. The serum level of
vitamin D, even when within the normal range, has
been found to inversely correlate with NAFLD severity,
[64]
independently of known metabolic risk factors .
Candidate proteomic biomarkers were identified in
recent studies by mass spectrometry techniques.
[65]
These studies, recently reviewed by Lădaru et al ,
have identified 251 candidate proteomic biomarkers:
thirty-three biomarkers were confirmed, 14 were
found in liver samples, 21 in serum samples, and
[65]
two from both serum and liver samples . A urinary
metabolomic signature of pediatric obesity related
liver disease, obtained by gas chromatography-mass
spectrometry, showed distinct patterns that especially
differed in the levels of metabolites involved in energy,
peptide and organic acid metabolism, and intestinal
[66]
bacteria metabolism .

nomegaly is suggestive of an unusually advanced liver
disease in pediatric NAFLD, and this condition requires
a rapid and complete assessment, including an early
[36,54]
liver biopsy, to exclude other etiologies
.
In general, obesity related-NAFLD does not occur
in extremely young children (younger than 3 years
of age) and is rare in children younger than 10 years
of age. A differential diagnosis should be based first
on clinical features and then on blood tests. As a final
step, a liver biopsy must be considered. The remaining
NASH-related conditions should also be carefully
considered, especially in early-onset NAFLD among
[36,41]
young children
. Table 2 shows the main differential
[41]
diagnoses in children and adolescents .

TREATMENT
Lifestyle interventions (i.e., diet and exercise) represent
the mainstay treatment; however, compliance in
both adults and children is poor. Research on the
pathogenesis, genetic markers, and the role of gut
microbiome in NAFLD has led to development of several
medical and surgical therapeutic approaches. Figure 1
summarizes the currently available information.

DIFFERENTIAL DIAGNOSIS

Lifestyle changes

With the rising prevalence of childhood obesity, the
proportion of children with both an underlying primary
liver disease and NAFLD has also increased. Therefore,
it is essential to identify conditions that are treatable
[67]
with specific therapies, such as Wilson’s disease ,
[68]
[69]
autoimmune hepatitis
or celiac disease . When
pediatric NAFLD is suspected, other liver diseases should
[36]
be excluded based on an age-driven algorithm .
Abnormal serum aminotransferases in overweight
or obese children are not always diagnostic of NAFLD/
NASH, and other causes should be ruled out, including
[70]
[67-69]
muscle diseases and treatable liver diseases
.
The ESPGHAN panel highlighted that hepatosple
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[71,72]

Lifestyle changes are the first line of intervention
.
This goal is not easy for most patients; thus, the
recommended behavior is commonly unsuccessful.
However, when successful, it represents the most safe
and efficacious cure for overweight/obese children with
NAFLD.
Diet and exercise act synergistically by improving
both hepatic and extra-hepatic insulin sensitivity and
restoring insulin metabolism pathways, especially
those related to glucose and lipid homeostasis.
Moreover, long-term lifestyle changes (24 mo) improve
liver histology in terms of the grade of steatosis,
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High fat/sugars diet
Lifestyle changes:
Diet and Physical Activity
Prevention
Prevention plus
Obesity care

Diet supplement:
Vitamins (E,D)
Probiotics
Polyunsaturated fatty acids
Choline
Adiponectin

Lack of exercise
Pharmacological treatment targets:
1. Overweight/obesity (> 12 yr)
Orlistat
Sibutramine

Genetic susceptibility

Visceral obesity

Insulin resistance

Surgical treatment
in case of obesity complications:
Gastric bypass
Intragastric ballons
Adjustable gastric banding
Laparoscopic sleeve gastrectomy
Truncal vagotomy

Metabolic
syndrome

Dyslipidemia

2. Dyslipidemia
Ezetimibe + Statins

NAFLD
Inflammation
oxidative stress

Obstructive sleep
apnea

Gut-liver axis and
dysbiosis

Endogenous alcohol

FXR dysregulation

Iron, copper, vitamin D

3. Preventing/reversing NAFLD
Insulin sensitizing agents
Cysteamine
Antioxidants
AT hormones and cytokines
Obeticholic acid
Pentoxifylline
Growth hormone

NASH

Figure 1 Simplified cartoon of the multiple pathomechanisms involved in development and progression of non-alcoholic fatty liver disease, and proposed
stepwise treatment options. NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steato-hepatitis; FXR: Farnesoid X receptor; AT: Adipose tissue.

hepatic lobular inflammation, hepatocyte ballooning,
[72]
and NAFLD activity score .
Family involvement and effective interaction with
the primary care pediatrician are critical for the success
of lifestyle changes. In 2007, an expert committee
nominated by the American Academy of Pediatrics
(AAP) developed new recommendations for pediatric
[73]
obesity prevention and treatment . The committee
pointed out that awareness of the problem among
primary care pediatricians who work with patients and
parents is essential for the early identification of atrisk patients and for taking adequate preventive or
corrective actions.
The expert committee highlighted the need for a
radical change to the treatment of pediatric obesity,
suggesting a “stepwise approach” that includes BMI
assessments and the early identification of the risk
factors for all children.
After identification and assessment, primary care
pediatricians should proceed with the recommended
measures of prevention or treatment, depending on
the patient’s age and BMI. The AAP expert committee
identified three different plans of action: “prevention”,
“prevention plus” and “obesity care”. These stages
increase in intensity; thus, patients can begin with the
less intensive plan and gradually move to the most
intensive plan, depending on the response over an
established period. “Prevention” applies to normalweight children. It requires the yearly evaluation
of high risk nutritional/activity behaviors and the
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recommendations for both diet (e.g., 5 or more
servings of fruits and vegetables per day and avoiding
sugar-sweetened beverages) and physical activity
(e.g., 2 or fewer hours of screen time per day, no
television in the room where the child sleeps, and 1 h
or more of daily physical activity).
“Prevention plus” applies to overweight children.
The goal should be weight maintenance, which
will reduce their BMI as the child’s age increases.
Recommendations for eating behavior include at least
5 to 6 family meals per week, allowing the child to
self-regulate his or her meals and avoiding restrictive
behaviors. The general rule to follow is “parents
provide, child decides”. Physical activity needs to
be structured: 60 min of at least moderate physical
activity per day and 20 min of vigorous activity 3
times a week. Referring families to community activity
programs can be helpful and may encourage the
development of family activities. Pedometer use can
be recommended.
th
“Obesity care” (if BMI ≥ 95 percentile) is a mul
tidisciplinary team task involving several professional
figures, such as a physician, nurse, dietician, exercise
trainer, social worker and psychologist. In these cases,
obese children must be referred to a pediatric tertiary
weight management center with expertise in childhood
obesity.
The goal is weight maintenance or gradual weight
th
loss until their BMI is < 85 percentile and should
not exceed 1 pound (= 453.6 g) per month. In cases
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Probiotics

of severe obesity in older children (> 5 years) and
th
adolescents (BMI ≥ 99 percentile), weight loss may
be more rapid with a maximum rate of 2 pounds (=
907.2 g) per week.
The expert committee identified in the following
seven the behaviors that most successfully create
energy balance: limit consumption of sugar sweetened
beverages, limit TV (0 h for children < 2 years of age
and < 2 h for children > 2 years-old), remove TV from
primary sleeping area, eat breakfast daily, limit eating
[73]
out, encourage family meals, and limit portion size .

The type of food ingested has an enormous influence
on gut microbiota composition. Approximately 10
years ago, research studies began to demonstrate how
gut microbiota are involved in significantly regulating
energy balance, including reducing AT and cholesterol
[83]
blood levels . Compared to slim subjects, the obese
have different gut microbiota, which also varies
depending on the geographical area. Changes in the
gut microbiota using prebiotics (substances useful
to the growth of good gut microbiota) and probiotics
(live microorganisms) are beneficial for weight
[83,84]
reduction
. Extensive experiments conducted on
animals showed strain-specific effects. In NAFLD, diet
supplements studies included in particular the genera
[85,86]
Bifidobacteria and Lactobacillus
. Lactobacillus
rhamnosus has been extensively studied in NAFLD
both in vitro and in vivo. This strain modulated
gut microbiota, reversed small intestinal barrier
impairments, reduced hepatic inflammation, improved
lipid metabolism and, probably most importantly,
increased the production of certain anorexigenic gut
[87,88]
hormones
. The results of a recent double-blind
clinical trial showed the benefits of the multi-strain
probiotic VSL#3 on weight reduction and liver fibrosis
[89]
in obese children with NAFLD aged 6-12 years . A
double-blind clinical trial demonstrated that obese
children with NAFLD treated with Lactobacillus GG
showed a significant decrease (up to normalization in
[90]
80% of cases) in serum ALT values . A recent metaanalysis confirmed that experimental treatment with
probiotics is more effective than placebo at normalizing
[91]
transaminase levels .

Micronutrient diet supplementation

The benefits from adding otherwise insufficient
micronutrients to the diet, including vitamin E and
D, probiotics, polyunsaturated fatty acids, choline,
and adiponectin, appear to be short-term. The longterm effects of micronutrient supplementation are
controversial and further studies are required.
Vitamin E was the first diet supplement used in
pediatric NAFLD and NASH because of its anti-oxidant
[74,75]
properties
. Recent results from the “Treatment of
NAFLD in Children” (TONIC) multicenter randomized
placebo-controlled trial showed that vitamin E was
not superior to the placebo at attaining the primary
outcome of sustained reduction in ALT levels in patients
[76]
with pediatric NAFLD . However, children treated
with vitamin E demonstrated significant improvements
in the resolution of NASH in patients with NASH or
borderline NASH at baseline when compared with
placebo. Therefore, vitamin E treatment in children
who failed to change their lifestyle and have biopsy[76]
proven NASH can be recommended .
Diet supplementation with PUFAs, such as the
omega-3 fatty acids DHA and eicosapentaenoic
acid (EPA), restore insulin sensitivity and have anti[77,78]
inflammatory actions
. A six-month diet with
long chain omega-3 fatty acids induced a significant
[79]
decrease in AST and GGT, but not ALT . TG and
ALT levels respond to DHA. The benefit of diet
supplementation with PUFAs was confirmed in
adolescents with NAFLD and genetic LPL deficiency,
which has a high prevalence among the FrenchCanadian population in Quebec and is associated with
[80]
a high risk of atherosclerosis early in life .
Vitamin D deficiency has been suggested to
[28]
promote NASH by accelerating hepatic fibrogenesis ;
thus, supplementation with vitamin D has been
[81]
recommended .
Healthy humans are unable to synthesize enough
choline de novo to prevent deficiency. Decreased
choline intake is associated with worse fibrosis in a
subset of patients with NASH. Studies have shown
a reversal of NASH after choline supplementation in
choline-deficient patients on long-term parenteral
nutrition. Additional studies are needed to evaluate
if low choline concentrations are associated with the
[82]
initiation or progression of NAFLD or NASH .
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MEDICAL THERAPY
The pharmacological treatments currently available
in pediatric NAFLD are mainly aimed at (1) reducing
body weight; (2) preventing or reversing hepatic
steatosis, inflammation and fibrosis; and (3) treating
hypercholesterolemia.

Pharmacological treatment of the overweight/obese
status

Candidates for pharmacotherapy are very high-risk
th
children. These are children in the 99 percentile BMI
at their first evaluation and children with a lower BMI
who failed to change their lifestyle over a period of at
least 6 mo. Tertiary care centers with specific expertise
should take the care of children in these categories.
The only two products currently approved by the Food
and Drug Administration (FDA) for the treatment of
[73]
pediatric obesity are orlistat and sibutramine .
Orlistat: The human intestine does not absorb orlistat.
The mechanism of action for this drug is based on the
inhibition of endoluminal lipase. Orlistat was approved
[73]
by the FDA for children above 12 years of age . Apart
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from the common side effects of abdominal cramps
and flatulence due to the amount of not absorbed fat
in the fecal mass, orlistat can lead to chronic kidney
[92]
disease due to secondary hyperoxaluria . Therefore,
the use of orlistat must be carefully monitored, and
patients must follow a low oxalate and high calcium
2
diet with abundant daily water intake up to 1.5 L/m
[92]
body surface area . Probiotics able to eliminate
oxalate and medications increasing the urinary
solubility of crystals (e.g., potassium citrate), should
also be considered.

where treatment was associated with improvement in
liver enzymes, insulin resistance, and liver histology,
[100]
without increases in body weight .
AT hormones and cytokines: Adipocytes are
now recognized to play an active role in MetS via
the production of hormones, such as adiponectin
and resistin, and adipocytokines, including TNF-α.
These molecules are under investigation as possible
[101]
therapeutic targets .
Pentoxifylline: Pentoxifylline is a phosphodiesterase
inhibitor that increases cyclic AMP and decreases
[102]
TNF-α gene transcription
. The results of a clinical
trial showed that pentoxifylline is well tolerated and
[103]
improves hepatic histology in adults with NASH .

Sibutramine: A nonspecific reuptake inhibitor for
serotonin, norepinephrine and dopamine reduces
appetite. Its use is approved for adolescents over 16
[73]
years of age for a period of no more than 2 years .
The main side effect of vasoconstriction precludes its
use in children with blood hypertension.

Obeticholic acid: The FLINT (FXR Ligand Obeticholic
Acid in NASH Treatment) trial provided promising
results on the efficacy of the obeticholic acid, an
FXR agonist, at improving the histological features
of hepatic inflammation and fibrosis in adults with
[104]
NASH .

Medical therapy for preventing/reversing hepatic
steatosis, inflammation and fibrosis

Treatments for NAFLD and NASH include insulin
sensitizers, antioxidants and hepatoprotective agents.
Their efficacy remains controversial in adults and in
[93-95]
children as well
.

Growth hormone: There is evidence that growth
hormone (GH) replacement therapy improves serum
liver enzyme levels and hepatic histology in adults
[105]
that suffer from acquired GH deficiency and NASH .
There is also a pediatric case report of an 11 yearold child suffering from acquired GH deficiency and
NASH whose liver enzymes levels improved during GH
[106]
treatment .

Metformin: It is an insulin sensitizer that could also
improve weight control. The results from the TONIC
study, a recent large multicenter randomized doubleblind trial, showed no significant improvement of ALT
levels or liver histology in NAFLD children aged 8-17
[76]
years on metformin vs placebo .
Cysteamine: It’s a coenzyme A catabolism product,
has antioxidant properties and an insulin-sensitizing
effect by up-regulating adiponectin levels. It reduced
ALT and AST levels in children with NAFLD without
reducing their body mass index. A randomized clinical
trial is currently evaluating the potential effects of
cysteamine bitartrate delayed-release capsules on
the histologic severity of NAFLD in children aged 8-17
years; however, the results of this trial have not yet
[96]
been published .

Medical therapy for the treatment of
hypercholesterolemia

Ezetimibe: Selectively inhibits cholesterol absorption
from small intestine by binding to the brush border.
The FDA has recently approved its use for treatment
[107]
of hypercholesterolemia
. Studies on Ezetimibe in
NAFLD have shown improvement in hepatic histology
but with worsening or no effects on insulin sensitivity
[108,109]
and HbA1c levels
. Recent studies on its safety
and effectiveness in adult patients reported promising
results when used in combination with 3-hydroxy3-methylglutaryl coenzyme A reductase inhibitors
[109,110]
(statins)
.

Antioxidants: Vitamin E studies were previously
mentioned in the “Micronutrient diet supplementation”
section of this review. Among the plant extract
polyphenols, resveratrol reduces hepatic inflammation
[97]
and ameliorates lipid metabolism in adults . An
ongoing clinical trial is evaluating the ability of res
veratrol to reduce hepatic TG content in 13-18 year-old
[98]
adolescents with NAFLD and metabolic syndrome .

SURGICAL THERAPIES FOR WEIGHT
LOSS: BARIATRIC SURGERY
The number of surgical options has grown over the past
decades, and these procedures are now used for weight
loss in adults. Among the variety of techniques, there
are strategies aimed to reduce gastric volume, food
absorption and induce early satiety (gastric bypass,
intragastric balloons, adjustable gastric banding,
laparoscopic sleeve gastrectomy, etc.). Other strategies

Silibinin: It’s a drug available on most of the markets,
is of particular relevance since its clinical potential
has been extensively demonstrated in various ex
[99]
perimental models , and in a randomized clinical
trial in adults with histologically documented NAFLD
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create gastric stasis with an early sense of satiety, such
[111-113]
as the truncal vagotomy
. Even if bariatric surgery
is still considered investigational in adults, it has been
suggested for adolescents with moderate/severe obesity
when complicated by diabetes, OSAS, pseudotumor
cerebri or NASH or when an impaired quality of life and
[114,115]
daily activities exists
.
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Abstract
Hepatitis C is a global health issue and constitutes
a major cause of chronic liver disease worldwide. In
this article, a comprehensive literature search was
conducted for the prevalence of hepatitis C virus
(HCV) infection in Greece, since data on the HCV
prevalence, viremia and genotypes are important for
developing strategies to manage or eliminate HCV
infection. In addition, the pattern of HCV infection was
analyzed according to the geographic region and the
risk factors. These differences reflect not only distinct
epidemiological characteristics among populations, but
also differences on the strategy of data acquisition and
quantification. Although there are not enough data, the
estimation of the current prevalence of Hepatitis C in
Greece ranges from 0.5% to 2%. The most important
risk factors for HCV infection include blood product
transfusion, intravenous drug use, chronic hemodialysis,
organ transplantation, occupational exposure, sexual
transmission, and vertical transmission. Because of
lack of vaccine or effective post-exposure prophylaxis
for HCV, the main focus of prevention is to recognize
and control these risk factors. HCV infection in Greece
is closely associated with the development of chronic
liver disease, cirrhosis, and primary hepatocellular
carcinoma. As far as the genotype distribution is
concerned genotype 1 estimated to be 45%-47% and it
constitutes the prevalent genotype in Greece, followed
by genotype 3.
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at Eastern Mediterranean Region, 17 million people
suffer already from chronic hepatitis C and 800000
[8]
individuals are infected each year with HCV . However,
the epidemiological patterns among different countries
of Eastern Mediterranean Region are not similar.
Prevalence of HCV infection in countries such as Libya
[8]
and Lebanon is reported to be 1.5%-3% , whereas
in other countries, such as Egypt, prevalence is much
[9]
higher (14%-20%) . Epidemiological studies in
Greece suggest that prevalence of HCV infection varies
[10-13]
from 0.5% to 2%
. Consequently, epidemiological
data depend not only on the geographical region and
the population group but also on the strategy of data
acquisition (national registries, phone surveys, etc.)
and quantification. This procedure points out the need
for more robust epidemiology studies which will be able
to quantify HCV in the general population taking into
account the urban, rural and marginalized populations
[Intravenous drug users (IVDUs), people in institutions,
etc.].
We have conducted a literature review from
January 1992 to January 2016 using Medline, Scopus,
and Google Scholar databases and an amount of
information was collected from the official site of
Hellenic Center for Disease Control and Prevention
(HCDCP).

Core tip: Hepatitis C virus (HCV) is a major health
issue, it constitutes one of the most often causes of
liver disease not only in Greece but also worldwide
and is a potential cause of morbidity and mortality in
the future. Epidemiological studies in Greece suggest
that prevalence of HCV infection varies from 0.5% to
2%. The annual average incidence of HCV infection is
estimated at 0.62 in 100000 people without significant
difference between the two genders. These data are
particularly important because they contribute to a
better apprehension of the HCV infection in Greece
since health authorities are able to create a more
efficient health policy in a country which is hard affected
from the economic crisis.
Triantos C, Konstantakis C, Tselekouni P, Kalafateli M,
Aggeletopoulou I, Manolakopoulos S. Epidemiology of hepatitis
C in Greece. World J Gastroenterol 2016; 22(36): 8094-8102
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i36/8094.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i36.8094

INTRODUCTION
Hepatitis C is a contagious liver disease and constitutes
a major global health issue. Hepatitis C virus (HCV)
is a hepatotropic RNA virus which was discovered
in 1989. It is a small, enveloped, single-stranded,
positive-sense RNA virus and the structural domain
contains two regions, the core and the envelope (E1
and E2). Approximately 60%-80% of infected people
may progress to chronic liver disease and 20% of
[1]
them will develop cirrhosis . Eventually, 5%-7% of
[2]
these patients die from HCV-related complications .
Parenteral exposure to HCV is the main cause
of HCV transmission and it occurs via contaminated
blood exposure, sexual transmission or vertical tra
nsmission from mother to child during perinatal
[3]
period . Before 1990 the group with the highest risk
of HCV transmission was the transfused patients.
However, the post-transfusion HCV related hepatitis
decreased dramatically, when the virus was isolated
and the screening of blood and blood products carried
out. Nowadays, in developed countries the most
common route of HCV infection is through the use of
[4]
drugs . Other groups of great risk are patients with
history of surgical procedures (including abortion or
uterine curettage), dental surgical procedures, chronic
[5]
hemodialysis and tattooing . Sexual transmission and
vertical transmission are less common ways of HCV
[3]
infection .
According to World Health Organization and recent
studies, about 3% of the global population has been
[1,6,7]
infected with HCV
. It is estimated that chronic
carriers of HCV are more than 170 million and they
constitute a high risk group for developing cirrhosis
[7]
and Hepatocellular carcinoma (HCC) . In addition,

WJG|www.wjgnet.com

PREVALENCE OF HEPATITIS C IN
GENERAL POPULATION
The estimation of current prevalence of Hepatitis C in
Greece ranges from 0.5% to 2%. HCDCP reports that
from 1998 to 2011, 200000 individuals have been
[3]
infected with HCV and 958 individuals have been
infected with acute hepatitis C. The annual average
incidence of HCV infection is estimated at 0.62 in
[3]
100000 people without significant difference between
[5]
the two genders . A new epidemiological study which
[14]
cites data from a recent phone survey , reports an
age-adjusted anti-HCV prevalence of 1.79% (1.87%
high-risk individuals-adjusted) for the population of the
study (ages 18-70), and a total estimated prevalence
[15]
of 1.47% . According to the above studies, 58%
of diagnosed chronic HCV patients have never been
treated. This corresponds to approximately 15700
treated patients in 2011.
Furthermore, 16% of the total liver transplantations
performed in Greece in the recent years (2011-2013)
[15]
were attributable to HCV . Another study which
included multinational study groups, reported an
estimated 133000 total number of viremic infections
in 2013 and it forecasted a decline to 106700 viremic
[16]
infections in 2030 .
Prevalence of HCV infection depends on the geo
graphical regions of Greece. For example, prevalence
in Crete is higher than the average prevalence reported
[5,17,18]
in mainland Greece
. More specifically the highest
prevalence of anti-HCV antibodies is reported in
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[4]

Rethymnon (0.52%), whereas the lowest percentage
[19]
of seropositivity is reported in Chania
(0.23%).
Furthermore, Thessaly, in central Greece, is a region
with low prevalence of Hepatitis C (0.34%). However,
there are three municipalities in Thessaly (Nea Ionia
in Magnesia and Palamas and Sofades in Karditsa)
[20]
where the percentage of anti-HCV antibodies is high .
Moreover, some areas in North-Western Greece, such
as Achaia (in Peloponnese) and Corfu are mention
ed as regions with low prevalence of HCV infection
[12,21-23]
(0.5%)
. Another study which conducted in
a Greek island called Zakinthos with a well-defined
mixed (urban and rural) population, identified that the
overall anti-HCV prevalence was 1.25%, while there
was a significant higher prevalence (6.8%) in a well[24]
defined rural area . A more recent study about the
endemicity of viral hepatitis C in Cretan-population
indicates that there is a higher prevalence of anti-HCV
[17]
among younger individuals . It is worth mentioning
that in the same area the hepatitis C markers are
absent in the children. This fact may raise some
questions about the possible sources of transmission of
hepatitis C during the preceding years such as drug or
[25]
alcohol abuse, tattoos or piercing .

13% to 30% . Another study, which also conceals the
rapid epidemiologic expansion of genotype 3 in this
time-frame in the general population, reports that the
reduction of the prevalent genotype is due to the fact
that individuals infected by transfusion are less likely to
[29]
practice high-risk behaviors .
There are other groups of patients, such as patients
with β-thalassemia, who constitute an especially high
risk group. In transfusion-dependent thalassemia,
prevalence of HCV infection is very high. Various
studies suggest that the percentage ranges from 23%
tο 74% depending on the number of patients at the
[30-32]
studies
. Nevertheless, chronic hepatitis C does not
impair the overall survival of patients with transfusion[30]
dependent thalassemia .

Intravenous drug users

Considering that the blood screening has significantly
reduced the possibility of disease transmission via
transfusion, intravenous drug use is an important risk
[9,33,34]
factor of HCV transmission
. Many epidemiology
studies in Greece suggest that 20%-40% of individuals
with chronic hepatitis C have history of intravenous drug
[4,9-11]
use
. In addition, studies report that approximately
73% of IVDUs suffer from HCV infection as well as
that 11% of the total HCV infections come from active
[35]
IVDUs . The present socioeconomic status in Greece
seems to affect negatively the prevalence of HCV
among IVDUs. Data before and during the economic
[16]
recession in Greece (2008-today)
report that the
decline in Gross Domestic Product was inversely
correlated with the annual prevalence rates of human
[36]
immunodeficiency virus (HIV) and HCV among IVDUs .
The European Monitoring Centre for Drugs and Drug
Addiction (EMCDDA) and the ECDC confirm this
[37]
evidence .
The exact rate of HCV-HBV co-infection in the IVDU
group is not well known. A study reports that the
prevalence of HbsAg positive patients constitutes the
5% of the whole IVDUs, while at the same time the
prevalence of anti-HCV positive patients is about 73%
of the mentioned group. The expected prevalence
of co-infection in this group does not agree with
the rather high rates reported in the international
[38]
literature .
HCV infected IVDUs are more frequently male, from
urban areas as opposed to rural or semi-rural areas,
with higher education, younger at study entry and
[11]
less frequently immigrants . Particularly after 1992,
nine out of ten HCV infections belong to the IVDUs
group and one out of two IVDUs were younger than
20 years when they acquired the infection. Some proof
of the aforementioned speculations can be sought
in the multinational/multicenter study conducted by
[16]
Hatzakis et al . Experienced stuff determined the
outcomes in each country. Data from Greece forecast
an increase in the number of HCC cases to 35% by
2030. The number of liver related deaths will likewise
be increased to 35%, while decompensated cirrhosis

PREVALENCE OF HEPATITIS C IN HIGH
RISK GROUPS
Transfused patients

In the 1970s and 1980s blood transfusion was the
most common way of HCV transmission(known as
[26]
[27]
Non–A, Non-B at the specific timeline) . Lauer et al
in 2001 noted that the probability of post-transfusion
HCV transmission amounts to 1 case per 103000
blood units. However, the most recent screening
methods for HCV in blood banks appreciate that the
risk of transmission in the modern era is significantly
decreased and it considered to be about 1 chance per
2 million units transfused [European Centre for Disease
Prevention and Control (ECDC)]. No survey has been
conducted about the risk of post–transfusion HCV
transmission in the Greek population. Furthermore,
among blood donors, the regular systematic donors
have lower anti-HCV prevalence than the military and
replacement (family) donors (percentage of 0.23%,
[28]
0.26% and 0.42% respectively) .
One study which conducted in Greece revealed that
from 434 patients infected with HCV, 167 (38.5%)
[4]
had a history of blood transfusion . Nonetheless,
study groups of the above trial included patients with
post transfusion hepatitis (PTH) acquired prior to the
1990s (and thus before the era of systematic blood
screening), a time point characterized by the expansion
[4]
of IVDUs in Greece . In this study, it has been also
reported that the genotype 1 was the most prevalent
genotype in PTH patients with a prevalence of 57%
prior to 1981, followed by a decrease to 48% post
1981 and a subsequent increase of genotype 3 from
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and compensated cirrhosis infections will be increased
[16]
30% and 15% respectively . The results from this
study concerns the general population but to some
extent they reflect the younger age of infection’s
acquisition and thus the prolonged course of disease
and the increase in the disease burden. In the present
era international guidelines encourage physicians to
treat HCV infected IVDUs since this strategy reduce
the disease burden.
The prevalent genotype seems to be genotype 3
and especially subtype 3a, followed by genotypes 1a
[4,29,33,35]
[4]
and 4a
. Savvas et al suggest that after 1981
prevalence of genotype 1 was reduced and prevalence
of genotype 3 was increased. This change has been
observed both for IVDUs and transfused patients.
The age of drug users and the duration of drug
usage increase the possibility of HCV infection in
[5]
IVDUs . However, the most HCV infections come from
[39]
needle sharing among the drug users . A recent
study suggests that during the period 2005-2006
the number of IVDUs did not change but needle
[11]
sharing became more common . This phenomenon
commonly occurs among prisoners who are IVDUs
and for this reason they develop a higher rate of HCV
[39,40]
infections in relation with the general population
.
As far as the prevention measures are concerned, it
is evident that opioid substitution therapy and needle/
syringe programs are among the most effective
measures for preventing infectious diseases among
IVDUs. Data from European monitoring services
(EMCDDA and ECDC) in 2011 underline the fact that
Greece is among the countries which use less the
[37]
above prevention strategies . Specifically, Greece is
th
placed 13 on the list of 18 European Union/European
Economic Area (EU/EEA) countries on the topic of
th
opioid substitution treatment, and 9 on the list of 12
EU/EEA countries.
Finally, high prevalence of anti-HCV antibodies
(9%) is reported among patients in a Psychiatric
hospital, and it is about ten times higher relative to
general population. This is observed due to psychiatric
morbidity since they have more possibilities to use
intravenous drugs which are associated with HCV
infection. In addition, the treatment for HCV is related
[41]
to psychiatric adverse events .

the implementation of universal precautions, the
incidence of seroconversion was reduced to 0.56%
[42]
and then to 0% . It is reported that prevalence of
HCV transmission is related to hemodialysis duration
[42,43,45]
and number of transfusions
. In renal transplant
patients, the prevalence of HCV infection is similar to
[43]
hemodialysis patients . The most prevalent genotype
concerning hemodialysis patients differs in various
[44]
studies. According to Rigopoulou et al and Diamantis
[46]
et al
genotype 3a is the most common prevalent
[42]
genotype. However, Griveas et al
suggest that the
majority of HCV infections is genotype 1b. Katsoulidou
[47]
et al in an earlier study observed that genotype 4 is
the most common genotype of HCV infections.

Health care personnel/Warship personnel

Health care workers and other groups such as
policemen, prison staff and social workers constitute a
[48]
high risk group for HCV exposure . The participation
of the stuff in invasive procedures such as surgeries,
hemodialysis and venipunctures is a great importance
[26]
risk factor . Each patient has 0.024% possibilities
to infect another individual, whereas an HCV-infected
patient has 1.8% possibilities to transmit the HCV
[48]
virus . According to a Greek study, exposure to HCV
can occur by percutaneous injury (82%), mucosal
exposure (14%), excoriations and abraded skin
[48]
exposure (3%), and by human bites (1%) . Pre
valence of HCV infection among health care workers
[26]
is estimated to be 1%
and it seems to be lower in
[48]
relation to the prevalence in general population . It
is worth mentioning that many cases of occupational
[49]
exposure are not reported. In addition, Falagas et al
demonstrate that the risk of a percutaneous exposure
is bigger in health workers and nurses than doctors.
[50]
Mazokopakis et al
examined if there are a link
between the seroprevalence of hepatitis A, B and C
among the warship personnel in Greece. As far as the
HCV prevalence is concerned, seems that there is no
association between this group of individuals and HCV,
since the anti-HCV prevalence in this group is similar to
those reported in a Greek study among blood donors
(0.5%-3%).

Diabetic patients
[51]

Allison et al studied the association between diabetes
mellitus (DM) and HCV and they noted that 50% of
HCV positive patients developed DM, in contrast to 9%
of HCV negative patients. Thus, they proposed that
may exist a direct effect of HCV upon pancreatic islet
cells or an autoimmune procedure. In a same study
in Greece the results were opposite since they noted
low anti-HCV prevalence in diabetic patients (1.65%).
According to this study the diabetic population cannot
establish as a group at high risk for HCV since the
prevalence of the HCV in the general population in
[52]
Greece was higher (> 2%) .

Patients in chronic hemodialysis

HCV infection is common among Greek patients with
end-stage renal disease. Prevalence of anti-HCV ranges
from 10% to 65% depending on the geographical
[42]
[43]
region . Boletis et al
suggest that anti-HCV preva
lence among hemodialysis patients of Laiko General
Hospital of Athens is 24.3%. In a study of 366
hemodialysis patients, HCV infection was detected in
[44]
36% . HCV infection in hemodialysis patients occurs
due to prolonged vascular access and exposure to
infected patients and contaminated equipment. After
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Renal transplant patients

HCV ROLE IN CHRONIC LIVER DISEASE
AND HCC

A study which conducted in Greece reports that
the prevalence of HCV infection in renal transplant
recipients is high. Furthermore, the prevalence seems
to be proportional to the haemodialysis time before
transplant and inversely proportional to the time after
[53]
transplant .

Chronic liver disease is closely associated with HCV
infection in Greece comparable to that reported in
most European countries. The majority of patients
with parenterally transmitted acute NANB hepatitis
and almost 2/3 of those with sporadic NANB CLD were
found to be associated with chronic HCV infection.
Generally, chronic HCV infection was the cause of the
single aetiological factor or co-factor, for about 1/4
(23.7%) of Greek patients presenting with CLD of any
aetiology. Therefore, chronic HCV infection ranked
second after chronic HBV infection in the aetiology of
[60]
CLD in Greece .
The association of anti-HCV with HCC has been
examined in several studies. HBV and HCV have an
interacting role in the origin of hepatocellular carcinoma
and in hepatocarcinogenesis which, in some patients,
appears to be related to underlying replication of both
[60]
viruses .

RISK FACTORS
Medical procedures

The risk of HCV transmission via medical procedures
is very low, especially nowadays. The hospital stuff
follows the safety measures and the common medical
procedures are associated with low prevalence of HCV
[26]
transmission . As far as the dental procedures and
the surgeries, the rate of HCV infections is small (10%
[11]
of reported HCV infections) . In the past, infection
rates were higher due to the use of non-sterilized,
multiple-use glass syringes for medical purposes and
warm glass bottles for folk remedies (for congesting
[20]
blood in the muscles) . In the majority of cases the
poor sanitation and sterilization methods were the
cause for the HCV transmission.

HIV/HCV CO-INFECTION
In Greece, the rates of HIV/HCV co-infection have
[61-63]
ranged from 8.2% to 13.8%
and 8.1% of patients
[61]
with HIV/HCV co-infection are homosexual . In IVDUs
population, HIV/HCV co-infection rates were increased
[36]
over the last years . In the majority of patients with
[62]
co-infection, HCV (85.7%) viral load is very high .
However, in cases of HIV/HCV co-infection anti-HCV
antibodies titer may be reduced or undetectable,
[26]
because of the immunodeficiency .

Perinatal transmission

HCV transmission from HCV-infected pregnant
women to their children may occur during pregnancy,
[54]
labor or postnatal period . Two Greek studies have
demonstrated that 0.80%-1.95% of the pregnant
women tested positive for anti-HCV antibodies, with
the incidence presenting a linear increase over the
[55,56]
passing years
. This elevated rate of HCV infection
in this subpopulation is due to the extremely high
[55,56]
rates of seropositivity among pregnant refugees
.
[56]
Raptopoulou-Gigi et al
suggest that mother-to-child
transmission rate is 6% when mother is viraemic,
whereas no transmission is reported when the mother
[54]
is non-viraemic . Except from viral load, HCV/HIV
co-infection and intravenous drug use history are also
[54,56]
important risk factors for vertical transmission
. As
[54]
reported by Syriopoulou et al viral transmission from
mother to child was not influenced by mother’s age,
mode of delivery, genotype or type of feeding.

REFUGEES
Immigrants who live in Greece develop higher rates
of infectious diseases. Seropositivity rate for HCV is
[11,64]
2.3%
and it concerns mainly the refugees from the
ex-Union of Soviet Socialist Republics and Africa (i.e.,
[9,25,65-67]
Egypt) and less the refugees from Albania
.

GENOTYPE DISTRIBUTION
Genotypes 1a, 1b, 3a and 4a appeared in the Greek
population around 1965, 1958, 1975 and 1967
[29]
respectively . In addition, it is mentioned that during
1978-1990 genotype 3 increased rapidly, whereas the
[29,68]
other subtypes increased slowly during 1960-1990
.
Recent studies demonstrate genotype distribution
in Greece. According to many studies, genotype 1
is estimated to be 45%-47% and it constitutes the
prevalent genotype in Greece, followed by genotype
[4,11,68]
3
. The incidence of the remainder genotypes
is genotype 4 (13%), genotype 2 (9%), genotype 5
[4,11,69]
(1.2%) and genotype 6 (0%)
(Figure 1). As far
as subtypes are concerned, the most prevalent is 3a
(32.9%), followed by 1b (26.8%) and 2a (6.1%).

Sexual transmission

Sexual transmission of HCV in general population
remains controversial. Percent of 15 of seropositive
individuals report at least one high risk sexual contact
[26]
in the last six months . In addition, prevalence of
anti-HCV antibodies among prostitutes is higher than
[26,57]
prevalence in general population
. On the other
hand, studies from other countries assert that sexual
transmission of HCV among monogamous heterosexual
[58,59]
couples is unlikely to happen
and the maximum
[58]
incidence rate is 0.07% . However, there is no similar
Greek study to evaluate the risk of sexual transmission
of HCV among couples.
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Figure 1 Genotype distribution in the Greek population.

Genotype distribution depends on various factors.
Prevalence of genotypes differs between the genders.
Genotype 1 is more prevalent in women, whereas
[11,68]
genotype 3 is more common in men
. In addition,
genotype 1 is related to contaminated blood transfusion
[4,11,29]
and genotype 3 is related to intravenous drug use
.
A recent study demonstrates that genotype 4 is more
common among immigrants (18.8%) compared to
Greeks (13.2%). These refugees are more likely to
[11]
[70]
come from Egypt . Finally, Karatapanis et al report
a significantly high prevalence of genotype 5 in Rhodes,
an island in South-East Greece compared to the rest
regions of the country.

9
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CONCLUSION
Hepatitis C constitutes a global health problem because
of its adverse impact on quality of life and survival of
patients. The definition of epidemiological patterns
of infection will help to control the HCV transmission
in Greece. Thus, more multicenter Greek studies are
needed for the precise evaluation of prevalence of HCV
infection in Greece.
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The incidence and prevalence of metabolic syndrome
(MS) and colorectal cancer (CRC) has been rising in
developed countries. The association between these two
diseases has been widely studied and reported. Less
evidence is available about the relationship between
MS and CRC precancerous lesions (adenomatous
polyps, adenomas). The aim of this paper is to present
an overview of our scientific understanding of that
topic and its implication in clinical practice. One of the
principal goals of current CRC secondary prevention
efforts is to detect and remove the precancerous lesions
in individuals with an average CRC risk to prevent the
development of invasive cancer. MS is not currently
considered a high-risk CRC factor and is therefore
not included in the guidelines of organized screening
programs. However, in light of growing scientific
evidence, the approach to patients with MS should be
changed. Metabolic risk factors for the development
of adenomas and cancers are the same - obesity,
impaired glucose tolerance, dyslipidemia, hypertension,
cardiovascular diseases and diabetes mellitus type
2. Therefore, the key issue in the near future is the
development of a simple scoring system, easy to use in
clinical practice, which would identify individuals with
high metabolic risk of colorectal neoplasia and would be
used for individual CRC secondary prevention strategies.
Currently, such scoring systems have been published
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An organized screening program at the population level
can successfully reduce the incidence and mortality of
[8]
CRC . In the Czech Republic, the Czech National CRC
Screening Program has been running since the year
2000, focusing on asymptomatic individuals older than
50 years with an average risk of CRC. Immunochemical
fecal occult blood test (FOBT) is offered to asym
ptomatic individuals aged 50-54 years in one-year
intervals. In the case of FOBT positivity, colonoscopy is
performed. From the age of 55, every individual has the
choice of either continuing examinations by FOBT every
two years or undergoing a screening colonoscopy, which
can be repeated in individuals with negative findings
[9,10]
after ten years
. In 2014, screening invitations
addressed to the target population were introduced
in the Czech Republic, effecting a transition from an
opportunistic screening program to a population-based
program. The total screening coverage of the target
population in 2014 reached 31.5%, which was 4.6%
higher than in 2013. Nevertheless, the total coverage
of the Czech population by examination is below the
optimum level. According to the European Guidelines,
the total screening coverage of the target population
[11]
should be at least 45% and optimally up to 65% .
One of the most important barriers to screening is
a lack of perceived risk of CRC among average-risk
(AR) patients and primary care providers. New options
for screening are therefore sought, such as targeted
[12]
screening according to metabolic risk . To establish a
targeted screening strategy for CRC, it is essential to
define high-risk (HR) factors that are associated with
colorectal neoplasia.

based on Asian (Asia-Pacific Colorectal Screening Score;
APCS) and Polish populations.
Key words: Metabolic syndrome; Diabetes mellitus type
2; Heart ischemic disease; Colorectal neoplasia
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This article provides a review of our current
understanding of the metabolic risk factors in the
development of colorectal neoplasia and the scoring
systems that may allow tailored secondary screening
strategies. In addition, the preliminary results of a
Czech multi-center prospective study investigating
the relationship between metabolic syndrome and
colorectal neoplasia are provided.
Suchanek S, Grega T, Ngo O, Vojtechova G, Majek O,
Minarikova P, Brogyuk N, Bunganic B, Seifert B, Dusek L,
Zavoral M. How significant is the association between metabolic
syndrome and prevalence of colorectal neoplasia? World J
Gastroenterol 2016; 22(36): 8103-8111 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i36/8103.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i36.8103

INTRODUCTION
The incidence and prevalence of metabolic syndrome
(MS) is rising in developed countries. The prevalence of
MS based on National Cholesterol Education Program
Adult Treatment Panel Ⅲ criteria (NCEP-ATP Ⅲ 2001)
varies from 8% to 43% in men and from 7% to 56%
[1]
in women worldwide . The Czech Republic is no ex
ception; the prevalence of MS is estimated at 32% in
[2]
men and 24% in women . MS reflects a combination
of risk factors that often occur together and lead to
the development of cardiovascular disease, type 2
diabetes mellitus and certain types of cancer, especially
tumors of the gastrointestinal and genitourinary
[3,4]
tracts . These risk factors include abdominal obesity,
hyperglycemia, elevated blood pressure, elevated
triglycerides and a low high-density lipoprotein (HDL)
[5]
serum fraction of cholesterol .
Colorectal cancer (CRC) with its tremendous
population burden represents one of the greatest
issues in contemporary health care around the world.
The Czech Republic is among the countries with the
highest incidence of CRC and related mortality in the
world. Each year, there are 8000 new CRC cases and
[6]
approximately 4000 individuals die from this disease .
Central and Western European countries suffer from
a long-term worldwide rise in the incidence and
mortality of this disease. The Czech Republic currently
has the fifth-highest incidence rate in Europe after
[7]
Slovakia, Hungary, Denmark and the Netherlands .

WJG|www.wjgnet.com

METABOLIC RISK AND COLORECTAL
NEOPLASIA
Available evidence from epidemiologic investigations
and clinical studies supports the hypothesis that
MS may be an important etiologic risk factor for the
development and progression of certain types of
[13]
cancer, especially CRC . Studies on the association
between MS and the risk of colorectal neoplasia are
affected by the methodology (cohort vs case-control vs
cross-sectional studies), cancer site (colon vs rectum),
territory (United States vs Europe vs Asia), study
quality, and the definition of MS. The main issue in
the investigation of this association is the combination
of multiple components of the MS. According to a
harmonized definition from 2009, MS is present when
any three of the following conditions are present:
High waist circumference (≥ 102 cm in men, ≥ 88 cm
in women), elevated triglycerides ≥ 1.7 mmol/L (≥
150 mg/dL), reduced HDL cholesterol < 1 mmol/L
(< 40 mg/dL) in men; < 1.3 mmol/L (< 50 mg/dL)
in women, elevated blood pressure (systolic ≥ 130
mmHg, diastolic ≥ 85 mmHg) or serum glucose level
≥ 5.6 mmol/L (≥ 100 mg/dL)[14].
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independent risk factor of colorectal neoplasia and
[25]
represents a higher risk factor for CRC than BMI .
Adipose tissue distribution can be assessed by the
measurement of waist and hip circumferences. Current
guidelines suggest a waist circumference of 102 cm
in men and 88 cm in women as being the cut-off
points for abdominal obesity that is associated with
an increased risk of morbidity. Findings from the
European Prospective Investigation into Cancer and
Nutrition indicated that central (abdominal) obesity is
an equally strong risk factor for CRC in both genders,
whereas body weight and BMI are associated with CRC
[26]
risk in men but not in women . The adipose tissue
distribution (waist circumference or waist-to-hip ratio)
[27]
was more associated with CRC risk than BMI .

OBESITY AND COLORECTAL NEOPLASIA
Obesity is associated with chronic low-grade infla
mmation due to the production of pro-inflammatory
cytokines, such as tumor necrosis factor-alpha and
interleukin-6, which lead to the secretion of acute
[15]
phase proteins such as C-reactive protein . This
chronic inflammatory process can result in a positive
association between obesity and CRC risk. Additionally,
a large number of newly discovered adipokines, such
as leptin, adiponectin and resistin, are considered to be
[16]
potential mediators of obesity in cancer development .
The most common definition of obesity is a body
2
mass index (BMI) of 30 kg/m or greater. A large
number of studies have reported an association between
high BMI and CRC. For example, a study conducted
[17]
by the American Cancer Society
demonstrated that
the relative risk (RR) of CRC death associated with
2
high BMI (above 30 kg/m ) was 1.75 for men and
1.25 for women compared to individuals with a BMI
2
below 25 kg/m . The association between CRC risk
and BMI is stronger for cancers located in the distal
[18]
colon than in other locations . BMI is also related to
a higher risk of colon polyps or adenomas especially
[19]
in the male population . The results of a large metaanalysis, including 70000 CRC cases, also indicate that
obesity is directly and independently associated with
[20]
2
CRC . Individuals with a BMI ≥ 30 kg/m have a
approximately 20% greater risk of developing CRC than
2
individuals of normal weight (BMI < 25 kg/m ). For
2
every 2 kg/m increase in BMI, the risk of developing
CRC increased by 7%. Similarly, a 2-cm increase in
waist circumference, a measure of central obesity,
was associated with a 4% greater risk of CRC. These
findings are similar to the results of another prospective
[21]
meta-analysis conducted by Larsson in 2007 . Those
data also indicated a sex difference in the strength of
the association; the risk of developing CRC was 30%
higher in obese men than in obese women. A recent
[22]
systematic review by Ning et al . found predominantly
positive associations in the studies with an average
RR for CRC of 1.18 (95%CI: 1.14-1.21) with a 5 unit
higher BMI. The association was significantly (P =
0.02) stronger for colon cancer (RR = 1.21, 95%CI:
1.17-1.26) than for rectal cancer (RR = 1.11, 95%CI:
1.06-1.16). The association was significantly (P =
0.001) stronger in men (RR = 1.25, 95%CI: 1.2-1.3)
than in women (RR = 1.12, 95%CI: 1.06-1.16).
The reason for a sex difference in the association
between obesity and CRC may be partly explained
by different hormonal levels (especially estrogen) in
women. The Women's Health Initiative Estrogen Plus
Progestin trial suggested that hormone replacement
[23]
therapy reduced invasive CRC incidence by 44% .
However, a follow-up study of women using estrogen
[24]
alone did not reveal a reduction in CRC incidence .
Another reason for a sex difference may be the
differential distribution of adipose tissue. Several
studies have demonstrated that central obesity is an

WJG|www.wjgnet.com

IMPAIRED GLUCOSE TOLERANCE AND
COLORECTAL NEOPLASIA
Glucose intolerance or an elevated serum concent
ration of insulin is thought to be a risk factor for the
[28]
development of CRC . This association is based
on the hypothesis that hyperinsulinemia promotes
colon carcinogenesis. Insulin resistance leads to a
compensatory increase in insulin secretion, and this
hyperinsulinemia may lead to increased levels of free
insulin-like growth factor-1, an antiapoptotic and
mitogenic factor that decreases cell death and enhances
[29]
cell growth . Prospective epidemiological evidence
has shown that hyperactivation of the insulin pathway
leads to colon cancerogenesis by mitogenic and pro[30]
angiogenic proliferation . According to the Netherland
observational population-based cohort study, type 2
diabetes was associated with a moderately increased
[4]
risk of CRC . Similarly, a large ten-year prospective
cohort study in Korea found that serum glucose
concentration was strongly associated with colon
[31]
[32]
cancer . Yuhara et al reported a significantly higher
risk of colon cancer in diabetes patients (RR = 1.38,
95%CI: 1.26-1.51) compared to controls.
A recent Italian meta-analysis shows a 29%
increased risk for CRC among individuals with dysg
lycemia, a condition including states of impaired fasting
glucose and impaired glucose tolerance, or overt
[27]
[33]
diabetes mellitus type 2 . Another meta-analysis
of 29 eligible studies confirmed these estimates
indicating an increased risk of CRC in type 2 diabetes
(RR = 1.29 for men and 1.34 for women).

DYSLIPIDEMIA AND COLORECTAL
NEOPLASIA
The mechanism by which hypertriglyceridemia promotes
CRC is unknown. One of the hypotheses cites the
effect of secondary bile salts in the colon. Bile salts
are increased in patients with high fat intake. An
increase of secondary bile salts in the colon may have a
[34]
carcinogenic effect on the colonocytes .
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The results of studies that have examined the
association between serum triglyceride and HDLcholesterol, components of MS, and the risk of CRC
[35,36]
are inconsistent
. Some recent prospective studies
reported a significant association between high
[37]
triglyceride levels and colon cancer in men
or rectal
[38]
cancer in both sexes . In a European case-control
study, high concentrations of serum HDL were asso
ciated with a decreased risk of colon, but not rectal,
[39]
cancer . The European Prospective case control
study with a cohort of more than 520000 participants
from 10 western European countries showed that high
concentrations of serum HDL are associated with a
[39]
decreased risk of colon cancer . However, the most
recent Italian meta-analysis found nonsignificant
or borderline positive associations between higher
values of serum triglycerides and lower values of HDL
[27]
cholesterol and CRC risk . Currently, the finding of an
association between colorectal adenoma formation and
hypertriacylglyceridemia seems more robust than for
[40]
CRC .

that the higher risk of cardiovascular mortality also
accompanies a higher risk of cancers, particularly
[47]
[48]
CRC . Chan et al
have shown a strong association
between colorectal neoplasia and overt coronary heart
disease (CHD). They have found that the prevalence
of colorectal neoplasia was greater in patients with
CHD in a population undergoing coronary angiography.
[47]
Yang et al
have found that the prevalence of
colorectal neoplasia was greater in subjects with
low-grade coronary atherosclerosis or significant
CHD detected by coronary computed tomography
angiography. Individuals with overt CHD are burdened
with an increased risk of complications in endoscopic
examination due to anticoagulation therapy and
comorbidities. For targeted screening, it is important
to identify individuals who are at high risk of CHD.
However, in the literature, there is a lack of information
on the risk of colorectal neoplasia in patients who are
[49]
at a high risk of developing CHD. Lee et al
have
assessed the prevalence of colorectal neoplasia in
South Korean patients who are at high risk for CHD
by considering their Framingham risk score (FRS).
They found an increased prevalence of advanced
colorectal neoplasia in subjects with a high FRS ≥
10%. Similar results came from a cross-sectional study
[50]
from Turkey , whose authors showed a significantly
increased risk for colorectal neoplasia in patients who
were at a high risk for CHD determined by ultrasound
measurements of carotid intima media thickness (≥ 1.0
mm), flow-mediated dilation (< 10%) and calculated
FRS (> 20%). According to these results, screening for
CRC may be recommended for individuals who are at
a high risk of developing CHD.

HYPERTENSION AND COLORECTAL
NEOPLASIA
Few studies have examined the association between
hypertension and the risk of CRC. In some studies,
hypertension was found to be a predictor for colorectal
[41]
adenoma formation , but other studies reported
[25]
[42]
conflicting findings . Ahmed et al
assessed the
data from a multi-center prospective cohort study.
Hypertensive patients were found to have a 35%
greater incidence of CRC compared to normotensive
patients. However, these findings were not confirmed
by a large Finnish study of male smokers that found
[43]
no association between hypertension and CRC .
A recent retrospective study from Taiwan observed
that hypertension was a key predictor for recurrent
[44]
colorectal adenoma . Interestingly, in a Japanese
prospective study, the use of antihypertensive drugs
was found to be a potential risk factor for the formation
[45]
of colorectal polyps . This risk increased with the
greater use of antihypertensive drugs. Nevertheless,
the current general consensus is that hypertension
does not contribute to an increased risk of developing
[40]
CRC .

MS AND COLORECTAL NEOPLASIA
There is epidemiologic evidence to support the
claim that subjects with MS are at increased risk
of developing CRC. Obesity and hyperglycemia are
key components of MS and CRC. According to these
results, it appears that MS is also associated with a
higher incidence of adenomas. This fact is especially
important in CRC screening when identifying individuals
at a higher risk for CRC in the general population.
However, there are few studies demonstrating any
association between MS and the risk of colorectal
[26,27,51]
adenomas in European countries
. In the
Portuguese prospective study, MS was associated with
an increased prevalence of adenomas (43% vs 25%, P
= 0.004) and CRC (13% vs 5%, P = 0.027), compared
[51]
to patients without MS . The literature conclusions
suggest that different components of the MS have an
additive effect on the development of CRC by acting
[41]
through a variety of pathophysiologic pathways .
However, an Italian meta-analysis that evaluated the
influence of individual components of the MS observed
that the increased risk of CRC was not greater than the
sum of its parts, while the most common risk factors

CARDIOVASCULAR RISK AND
COLORECTAL NEOPLASIA
With regards to the burden of cardiovascular and
cancer morbidity, respective mortality, the same
risk factors were identified and the same regimen
recommendations were formulated, including the
principles of healthy nutrition, physical exercise
regimen, and quitting smoking and harmful alcohol
[46]
consumption . Based upon our current knowledge
and experience, the assumption may be expressed
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are categorized into three groups according to these
scores: The (AR = 0-1), moderate-risk (MR = 2-3), and
(HR = 4-7) groups. In this study, patients in the MR
and HR groups had a 2.6-fold (95%CI: 1.1-6.0) and
4.3-fold (95%CI: 1.8-10.3) higher rate of advanced
neoplasia, respectively, than patients in the AR group.
Therefore, a screening colonoscopy is recommended for
Asian individuals in the HR group. The use of the APCS
scoring system was further modified in the Chinese
[53]
prospective study . They assessed the utility of the
APCS system and the presence of MS components
and found that in cases with obesity, the colorectal
tumor detection rate significantly increased (59.5% vs
19.2% for the MR/HR group without obesity, P < 0.01).
Utilization of the APCS scoring system in the Western
population was examined in an Australian study by
[54]
Corte et al . APCS predicts the colonic findings in a
Western population to a greater extent than in Asians,
independent of the symptoms.

Table 1 Asia-Pacific Colorectal Screening scoring system
[53]
(adapted from Wang et al )
Risk factor
Age (yr)

Gender
Immediate family member
with colorectal cancer
Smoking status

Criterion

Point

< 50
50-69
≥ 70
Female
Male
No

0
1
2
0
1
0

Yes
No smoking history
Current or former smoker

1
0
1

Table 2 Risk score for advanced neoplasia (adapted from
[11]
Segnan et al )
Risk factor

Category

Age (yr)

40-49
50-54
55-59
60-66
> 66
Sex
Female
Male
Family history
None
1 first-degree relative ≥ 60 years old
1 first-degree relative < 60 years old
2 first-degree relatives
Smoking, pack years
None
< 10
10-19
≥ 20
Body mass index
< 25
(kg/m2)
25-29
≥ 30

Point
0
1
2
3
3
0
2
0
1
2
2
0
0
1
1
0

EUROPEAN COLORECTAL SCREENING
SCORING SYSTEM
The risk score for predicting advanced neoplasia in
[12]
Caucasian individuals developed by Kaminski et al was
established based upon a cross-sectional analysis of
database records for patients aged 40-66 who entered
a national primary colonoscopy-based CRC screening
program in Poland in the year 2007. Candidate
predictors of advanced neoplasia were obtained using
a questionnaire and included age, sex, BMI, family
history of CRC in first-degree relatives, diabetes,
smoking history and aspirin use. The authors showed
that independent risk factors for advanced colorectal
neoplasia were age, sex, family history of CRC, cigarette
smoking (P < 0.001 for these four factors), and BMI
(P = 0.033). Based on these results they developed
a scoring system that estimated the probability of
detecting advanced neoplasia in the validation set, from
1.32% for patients scoring a 0 to 19.12% for patients
scoring a 7-8 (Table 2).
However, a recently published Canadian work
showed that the risk index for advanced neoplasia
using age, sex, family history of CRC, smoking
[55]
history and BMI, as derived by Ruco et al , was less
predictive of advanced neoplasia in the population of
screening age in North America.

0
1 - Female
0 - Male

associated with MS were dysglycemia and/or high
[27]
waist (≥ 88 cm in women and ≥ 102 cm in men) .

ASIA-PACIFIC COLORECTAL SCREENING
SCORING SYSTEM
One possibility for improving the effectiveness of
screening for CRC can be observed in the scoring
of the likelihood of colorectal neoplasia in the target
population. In 2011, the Asia-Pacific working group for
CRC screening developed the Asia-Pacific colorectal
[52]
screening scoring system (APCS) . They conducted
a prospective, cross-sectional and multi-center study
of tertiary hospitals in 11 Asian cities, including 2752
asymptomatic individuals who underwent a screening
colonoscopy. The main objective was to determine
the clinical risk score predictive of colorectal advanced
neoplasia in Asian asymptomatic individuals to prioritize
CRC screening. The APCS scoring system uses the
age, gender, family history of CRC, and smoking
history to calculate the scores (Table 1). Individuals
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CZECH PILOT STUDY
To study the relationship between metabolic risk and
colorectal neoplasia, a multi-center prospective study
was performed in the Czech Republic from 2012-2015.
Eight endoscopy centers, 32 general practitioners and
24 diabetology practices participated in this project.
All data were collected and analyzed by the Institute
of Biostatistics and Analyses of Masaryk University in
Brno.
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Table 3 Comparison of non-advanced adenoma and colorectal neoplasia in the target and control groups

Adenoma, n
(%, 95%CI)
Advanced adenoma, n
(%, 95%CI)
Cancer, n
(%, 95%CI)

Target group (n = 726)

Control group (n = 774)

OR, 95%CI (P value)

346
(48%, 44%-51%)
131
(18%, 15%-21%)
11
(2%, 1%-3%)

270
(35%, 32%-38%)
66
(9%, 7%-11%)
11
(1%, 1%-3%)

1.2, 0.9-1.5
(0.18)
1.8, 1.2-2.5
(< 0.01)
0.7, 0.3-1.6
(0.35)

1

1

Adjusted comparison by logistic regression - including age, sex and previous FIT+ (fecal immunochemical test positivity).

The inclusion criteria were as follows: Asymptomatic
individuals aged 45-75 years, individuals with an
average risk of colorectal neoplasia (no personal or
family medical history of colorectal neoplasia, no CRC
symptoms, such as weight loss, enterorrhagia, or
anemia), individuals scheduled for preventive (FOBT
positive colonoscopy) or individuals aged 55 years or
older (screening colonoscopy). The patients with a
high risk of colorectal neoplasia (patients with familial
hereditary syndromes of CRC or polyposis) were
excluded.
Before the colonoscopy, blood samples were taken
(complete blood count, coagulation, biochemical
analyses including glucose, and lipid profile). After the
colonoscopy, the anthropometric (weight, height, and
waistline) and blood-pressure measurements were
obtained, and the patients filled in a questionnaire
about their personal and family medical history, lifestyle,
medication and details of their FOBT examination (if
performed).
Based on the collected data, the individuals were
divided into a target group (patients with diabetes
mellitus type 2 and/or cardiovascular risk) and a control
group. The diagnosis of diabetes mellitus type 2 was
assessed by glucose and glycated hemoglobin serum
levels and confirmed by the oral glucose tolerance
test. Cardiovascular risk was determined according
to the SCORE project (Systematic COronary Risk
[56]
Evaluation) , based on four criteria: Sex, smoking
habits, systolic blood pressure and serum cholesterol
level. Patients with a SCORE level > 10 were included
in the target group.
Colonoscopy examinations were performed mainly
under conscious sedation after regular bowel cleansing.
Colorectal neoplasia was defined based upon the
presence of advanced adenomatous polyps (size > 10
mm and/or presence of villous component and/or high
grade dysplasia) or cancer.
In this study, 2071 individuals were enrolled, and
the first statistical analysis of 1500 records has already
been completed. The main aim of the analyses was
to compare the prevalence of colorectal neoplasia and
non-advanced adenomatous polyps (adenomas) in
both groups.
As the main finding, a significantly higher prevalence
of advanced adenomas was observed in the target
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group (18%, 95%CI: 15%-21%) compared to the
control group (9%, 95%CI: 7%-11%); the OR was 1.8,
and P = 0.002.
Similarly, the prevalence of all adenomas was
higher in the target group (48%, 95%CI: 44%-51%)
than in the control group (35%, 95%CI: 32%-38%);
the OR was 1.2, but the difference was not statistically
significant (P = 0.179). The prevalence of cancer was
the same in both groups. Complete results are stated
in Table 3.
Another aim of this study was to identify individuals
who are considered to be at an average risk of
developing colorectal neoplasia according to the current
Czech guidelines, but because of their metabolic risk,
should be managed similarly to patients at high risk of
colorectal neoplasia (patients with a personal history
of colonic neoplasia, etc.). A more comprehensive
multivariate analysis, similar to that in the Polish
[12]
study , is planned once the data from all individuals
are available.
As a first step towards this goal, a more detailed
evaluation of the target group has already been
performed by dividing the target group into three
groups: Diabetes mellitus type 2 only; cardiovascular
risk only; and a combination of these two risk factors.
It appears that the individuals with cardiovascular risk
only had a higher prevalence of both non-advanced
adenomas (51%, 95%CI: 46%-56%, P = 0.327) and
advanced adenomas (22%, 95%CI: 18%-26%, P =
0.049), compared to the other two groups (Table 4).
Advanced adenomas were more likely in patients aged
65-75 years. This finding is in agreement with results
[57]
of the work of Brenner et al , which has shown that
age is the most important risk factor for CRC.
As a conclusion of these preliminary results,
individualized CRC screening should be considered in
individuals aged 65-75 years with a SCORE ≥ 10.

CONCLUSION
The MS shows increasing prevalence worldwide. It
has been shown that the strongest risk factors are
central obesity and hyperglycemia in relation to CRC.
Furthermore, cardiovascular risk is directly associated
with the risk of colorectal neoplasia.
These observations should be reflected in future
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Table 4 Prevalence of non-advanced adenoma and colorectal neoplasia within the target group
Combination of DM2 and SCORE ≥ 10 (n = 157)
Adenoma, n
(%, 95%CI)
Advanced adenoma, n
(%, 95%CI)
Cancer, n
(%, 95%CI)

69
(44%, 36%-52%)
25
(16%, 11%-23%)
3
(2%, 0%-5%)

SCORE ≥ 10 (n = 413)
211
(51%, 46%-56%)
89
(22%, 18%-26%)
5
(1%, 0%-3%)

DM2 (n = 156)
66
(42%, 34%-50%)
17
(11%, 6%-17%)
3
(2%, 0%-6%)

P value1
0.33
< 0.05
0.56

1

P value was obtained using a likelihood ratio test. The comparison models were adjusted for age, sex and previous FIT+ (fecal immunochemical test
positivity). DM2: Type 2 diabetes mellitus; SCORE: Systematic COronary Risk Evaluation.

preventive strategies. While preventing and controlling
the components of the MS could be important for the
prevention of CRC, patients with the MS (including
high cardiovascular risk) would probably benefit from
tailored CRC screening.
A modified APCS scoring system and Risk Score
for advanced neoplasia formulated by the Polish group
can aid in identifying CRC HR subgroups in the general
population.
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REVIEW

Iron and non-alcoholic fatty liver disease
Laurence J Britton, V Nathan Subramaniam, Darrell HG Crawford
alcoholic fatty liver disease (NAFLD) are yet to be
thoroughly elucidated. As such, effective treatment
strategies are lacking and novel therapeutic targets
are required. Iron has been widely implicated in the
pathogenesis of NAFLD and represents a potential
target for treatment. Relationships between serum
ferritin concentration and NAFLD are noted in a majority
of studies, although serum ferritin is an imprecise
measure of iron loading. Numerous mechanisms
for a pathogenic role of hepatic iron in NAFLD have
been demonstrated in animal and cell culture models.
However, the human data linking hepatic iron to
liver injury in NAFLD is less clear, with seemingly
conflicting evidence, supporting either an effect of
iron in hepatocytes or within reticulo-endothelial cells.
Adipose tissue has emerged as a key site at which iron
may have a pathogenic role in NAFLD. Evidence for
this comes indirectly from studies that have evaluated
the role of adipose tissue iron with respect to insulin
resistance. Adding further complexity, multiple strands
of evidence support an effect of NAFLD itself on iron
metabolism. In this review, we summarise the human
and basic science data that has evaluated the role of
iron in NAFLD pathogenesis.
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Core tip: Iron represents a potential therapeutic
target for the treatment of non-alcoholic fatty liver
disease (NAFLD). There are extensive data that link
iron and disease pathogenesis in human studies as
well as animal and cell culture models. Studies have
predominantly focussed on the role of hepatic iron,
although recently adipose tissue has emerged as a site
at which iron may promote insulin resistance. In this
review, we summarize the human and basic science
data that have evaluated the role of iron in NAFLD
pathogenesis.

Abstract
The mechanisms that promote liver injury in non-
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protection from iron-induced oxidative stress is
[14]
facilitated by sequestration of iron within ferritin .
Total body iron homeostasis is achieved predo
minantly by regulation of iron release from duodenal
enterocytes and macrophages by the hormone
[15,17,18]
hepcidin
. Predominantly produced by hepato
cytes, hepcidin binds the enterocyte basal membrane
iron transporter, ferroportin, causing its internalisation
and eventual degradation, thus reducing iron release
[15,18]
from duodenal enterocytes and other cells
.
Ferroportin has been shown to be highly expressed in
enterocytes, reticuloendothelial cells, and more recently,
[15,19]
in adipocytes
. Thus, hepcidin regulates systemic
[15]
iron balance by reducing intestinal iron absorption .
An understanding of the regulation of hepcidin
(HAMP) gene expression has come about from
studying human subjects with various forms of
hereditary hemochromatosis, and by analysis of gene
knockout rodent models. Hepcidin is regulated by
many factors, including erythropoiesis, iron status,
[18]
intracellular oxygen tension and inflammation .
Pathologic states of iron overload often lead to
saturation of serum iron transporter, transferrin. As a
result, serum levels of toxic non-transferrin bound iron
(NTBI) rise. NTBI is readily absorbed by tissues such
[18]
as the liver and cardiac muscle . Tissue iron overload
with NTBI results in increased oxidative stress and
lipid peroxidation, leading to organ dysfunction. The
common causes of iron overload include hereditary
hemochromatosis, iron loading anemias (such as
thalassemia) and parenteral iron overload from
[18]
multiple blood transfusions .

Britton LJ, Subramaniam VN, Crawford DHG. Iron and nonalcoholic fatty liver disease. World J Gastroenterol 2016;
22(36): 8112-8122 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i36/8112.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i36.8112

INTRODUCTION
The worldwide epidemic of obesity has led to a dis
turbing rise in the incidence of non-alcoholic fatty
[1,2]
liver disease (NAFLD) and its complications
.
NAFLD, regarded as the “hepatic manifestation of
the metabolic syndrome”, is now estimated to affect
[1]
one billion individuals worldwide . Non-alcoholic
steatohepatitis (NASH), the aggressive form of the
[3,4]
disease, can lead to cirrhosis and liver failure
.
Indeed, NASH is predicted to soon become the
predominant cause of advanced liver disease in
[5]
the developed world and the leading indication
[4]
for liver transplantation . NAFLD has also been
increasingly recognised as an independent risk factor
for the development of type Ⅱ diabetes mellitus,
cardiovascular disease and hepatocellular carcinoma,
the latter of which may occur even in non-cirrhotic
[3,6,7]
individuals
. The factors that predispose patients
to the development of steatohepatitis and fibrosis in
NAFLD are not well understood and effective treatment
[8]
strategies are lacking .
There is evidence that a modest degree of iron
overload is associated with more advanced liver
injury in NAFLD, although the mechanisms by which
[9,10]
this might occur remain unclear
. A syndrome
of increased hepatic iron in conjunction with the
metabolic syndrome is commonly observed and has
[9,11]
been termed dysmetabolic iron overload syndrome
.
To date, the majority of studies have focussed
mainly on the role of hepatic iron and mutations in
the HFE gene, the gene mutated in type 1 hereditary
hemochromatosis. Recently, however, it has become
increasingly evident, that adipose tissue iron plays an
important role in the pathogenesis of insulin resistance
[12,13]
and therefore possibly NAFLD
.
In this review, the potential involvement of iron in
NAFLD pathogenesis is explored using the available
data from human studies, as well as animal and cell
culture models. In addition, the counterview that
implicates NAFLD itself in the dysregulation of iron
metabolism is outlined.

INSULIN RESISTANCE AND THE
PATHOGENESIS OF NAFLD
It has become evident that insulin resistance is as
sociated with a more subtle degree of iron overload
than is seen in hereditary hemochromatosis and
[9,10,12]
thalassemia
. This is important as insulin resistance
[3,20]
is central to the pathogenesis of NAFLD
. The
presence of abdominal obesity and accompanying insulin
resistance provide fertile conditions for the development
of NAFLD. Indeed, NAFLD is often considered as the
hepatic manifestation of insulin resistance and the
[3]
metabolic syndrome . Central obesity is associated
with adipose tissue dysfunction, characterised by
[21]
infiltration of adipose tissue with macrophages .
Dysfunctional adipose tissue produces adipokines that
[12]
promote the development of insulin resistance .
The key sites of insulin action and resistance are the
[22]
liver, skeletal muscle and adipose tissue . In adipose
tissue itself, insulin resistance potentiates lipolysis
[23]
of triglycerides by hormone sensitive lipase . This
generates the majority of free fatty acid flux to the
[24]
liver in NAFLD . Insulin resistance in skeletal muscle
leads to reduced uptake of glucose, whereas in the liver,
[25]
insulin resistance enhances gluconeogenesis . The

HUMAN IRON HOMEOSTASIS
Iron is an essential nutrient required for erythropoiesis
[14,15]
and multiple cellular metabolic functions
. An
excess of iron is also, however, a potent cause
of cellular injury from oxidative stress due to the
generation of reactive oxygen species by the Fenton
[16]
reaction . Under usual conditions, intracellular
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[40]

resultant compensatory hyperinsulinemia and relative
hyperglycemia promote hepatic de novo lipogenesis and
cholesterol synthesis and reduced catabolism of free
[3]
fatty acid by oxidation .
Increased hepatic free fatty acid flux resulting from
this dysregulation of hepatic lipid metabolism and more
importantly by adipose tissue lipolysis, appears to be
central to the pathogenesis of steatohepatitis via direct
[3,26,27]
lipotoxicity
. A number of other mechanisms have
been well demonstrated to be responsible for not only
the development of steatohepatitis, but also steatosis
itself. These mechanisms include dysregulated adipo
[28,29]
[30]
kine production
, abnormal bile acid signalling ,
[31]
cytokine mediated effects , in particular as a result
of increased gut cell permeability and TLR-4 receptor
[32]
[33,34]
activation , endoplasmic reticulum stress
and
[31,35]
oxidative stress
. Hepatocellular injury promotes
cell death and steatohepatitis through a combination
[3]
of apoptosis and cell necrosis . These mechanisms
also contribute to hepatic stellate cell activation and
[36]
resultant development of hepatic fibrosis .

for 7 years . In this time, 849 subjects developed
type Ⅱ diabetes. Serum ferritin concentration in the
highest vs lowest quintile had a relative risk (RR) of 1.73
for the development of diabetes. This observation was
made after adjusting for multiple variables including
age, sex, body mass index, waist circumference, sports
activity, education, occupational activity, alcohol, liver
function test parameters, high sensitivity CRP (hsCRP),
adiponectin, high density lipoprotein (HDL) and serum
[40]
triglyceride concentration .
A recent review of 43 studies further supported
[41]
these findings . In this meta-analysis, the cohorts
with the highest and lowest quartile of serum ferritin
concentration were compared. The multivariable
adjusted RR for the presence of diabetes was 1.91.
This finding was consistent after including only studies
that adjusted for inflammation (mostly hsCRP), RR
1.67. This related to a serum ferritin that was 43.54
ng/mL higher in type Ⅱ diabetics compared to
controls. Studies assessing the relationship between
type Ⅱ diabetes and transferrin saturation have
[41-43]
yielded conflicting results
.
The persistence of association between serum
ferritin concentration and type Ⅱ diabetes after
correction for hsCRP implies that inflammation alone
does not entirely explain the association between
hyperferritinemia and diabetes. However, it might
be argued that even hsCRP may not reflect subtle
degrees of inflammation as strongly as serum ferritin
concentration.

IRON AND INSULIN RESISTANCE
The association between hyperferritinemia, insulin
resistance and type Ⅱ diabetes is compelling. There is
an increased prevalence of type Ⅱ diabetes associated
with two common iron overload conditions, HFEhereditary hemochromatosis (HH) and β-thalassemia
[12]
major . HH can lead to β-cell pancreatic loss and
type Ⅰ diabetes, but whether HH causes type Ⅱ
diabetes by unmasking insulin resistance through
pancreatic β-cell loss or by causing insulin resistance
[12]
itself remains controversial . Animal data suggest
that insulin sensitivity is enhanced in HH, but it has
been difficult to tease out the relative contributions of
[12,37]
.
β-cell loss and insulin resistance in human studies
The case of β-thalassemia major is more clear, with
evidence suggesting that both β-cell loss and insulin
[12]
resistance are at play .
In those who have neither hereditary hemochro
matosis nor another cause of overt iron overload
such as thalassemia, the evidence for a pathogenic
role of iron is also strong. In the National Health and
Nutritional Education Survey (NHANES), 9486 US
[38]
adults were studied . The odds ratios for developing
diabetes in those with elevated serum ferritin levels
[38]
were high at 3.61 for women and 4.94 for men . A
further analysis of the NHANES cohort revealed that
even after accounting for other factors such as age,
race, alcohol consumption and C-reactive protein
(CRP) levels, elevated serum ferritin concentration
still accounted for a two-fold increase in the risk
[38]
of the metabolic syndrome . The risk of diabetes
itself, has been shown to be strongly linked to serum
ferritin concentration in healthy women, even within
[39]
the normal range of ferritin . In 2012, the European
Prospective Investigation in Cancer and Nutrition
(EPIC)-Potsdam study followed 27548 European adults
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SERUM FERRITIN CONCENTRATION AND
NAFLD
The association between hyperferritinemia and
histologic markers of liver injury in NAFLD is reasonably
[44]
strong. In 2004, Bugianesi et al
found that serum
ferritin concentration is not associated with hepatic
iron concentration in NAFLD, but is a marker of severe
[45]
histologic damage. Kowdley et al demonstrated in the
large NASH Clinical Research Network (CRN) cohort
of 628 patients that a serum ferritin concentration
greater than 1.5 times the upper limit of normal was
independently associated with advanced fibrosis and
[46]
increased NAFLD activity score. Sumida et al , have
demonstrated the utility of incorporating serum ferritin
into a clinical scoring system to predict steatohepatitis
in Japanese patients with NAFLD.
However, other studies have not found such a clear
[47,48]
[47]
association
. Notably, Valenti et al
showed in an
Italian cohort of 587 patients with NAFLD that serum
ferritin concentration did not predict fibrosis stage > 1,
although the proportion of patients with fibrosis stage
> 1 in this cohort was relatively small. As would be
expected, serum ferritin concentration was higher in
the patients who had hepatic iron staining than those
who did not, but those with non-parenchymal iron had
much higher ferritin values (606 μg/L) than those with
hepatocellular iron (serum ferritin 354 μg/L) P < 0.0001.
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This might suggest that macrophage iron can cause
hyperferritinemia either by direct release of ferritin
or cytokine-mediated stimulation of ferritin release
[49]
by other cells. An earlier study by Chitturi et al
of
93 patients with NASH, 33% of whom had advanced
fibrosis, found that serum ferritin concentration was
not an independent predictor of advanced fibrosis.
In a large prospective population-based study from
South Korea, 2410 healthy men aged 30 to 59 without
sonographic evidence of steatosis were followed
[50]
for 7545.9 person years . Of these, 586 (24.3%)
patients developed ultrasonographically detectable
fatty liver. Baseline serum ferritin concentration was
found to be a strong predictor of steatosis. This
evidence is notable as it demonstrates an association
early in the disease suggesting that the process that
elevates serum ferritin concentration is contributing
to NAFLD pathogenesis very early in the disease and
pre-dates the development of steatosis. This implies
that the ferritin association with NAFLD is not simply
a result of NAFLD itself causing hyperferritinemia.
Moreover, the results might tend to suggest that the
link between hyperferritinemia and NAFLD could be
explained by insulin resistance.
The strengths of these studies lie in the large
numbers of individuals studied. However, serum ferritin
concentration is an imprecise surrogate for body iron
stores and its associations with both NAFLD and, type
Ⅱ diabetes are clearly not enough to attribute causality
with respect to iron in either of these conditions.

shown to correlate with hepatic immunohistochemical
staining for 7,8-dihydro-8-oxo-2’ deoxyguanosine
[54]
(8-oxodG), a product of oxidative damage to DNA .
In this study, staining for 8-oxodG was significantly
[54]
reduced with venesection . Patients with NASH
have been shown to have elevated levels of serum
thioredoxin, a marker of oxidative stress, which
[55]
declined following venesection . In cultured AML-12
hepatocytes iron generated oxidative stress and led to
[56]
impaired insulin signalling .
Iron also appears to have a direct role in the ac
tivation of hepatic macrophages and hepatic stellate
cells. In humans with NAFLD, reticulo-endothelial
iron has been shown to be associated with apoptosis,
indicated by increased serum cytokeratin-18 (CK-18)
fragments and increased hepatic TUNEL staining of
[57]
liver sections . In vitro, iron activates inflammatory
[58]
signalling via hepatic macrophages . Recently, dietary
iron loading in leptin-receptor deficient mice was found
to lead to inflammasome and immune cell activation
[59]
with hepatocellular ballooning . Furthermore, ferritin
treatment of rat hepatic stellate cells has been shown
to lead to a pro-inflammatory cascade by nuclear
[60]
factor kappaB signalling .
Iron may also contribute to liver injury in NAFLD
[61]
by generating endoplasmic reticulum stress . In a
mouse model of dietary iron overload and NAFLD, iron
induced an unfolded protein response and endoplasmic
[61]
reticulum stress . Additionally, hepatic iron loading in
mice up-regulates cholesterol biosynthesis pathways
and this has been proposed as an additional mechanism
[62]
of iron-induced liver injury in NASH . The proposed
mechanisms relating to hepatic iron in NAFLD patho
genesis are summarized in Table 1.
A number of studies have looked at the relationship
between hepatic iron concentration (HIC) and liver
[63]
injury in NAFLD. George et al
showed that HIC was
associated with increased fibrosis in 51 patients with
NASH. Three subsequent and similar studies, however,
[44,64,65]
have failed to reproduce these results
. Two much
larger studies have looked at the association between
hepatic iron (Perls’) staining and liver histology in
NAFLD with conflicting results. In a study of 587
[47]
Italian patients with NAFLD, Valenti et al
found that
hepatocellular rather than reticulo-endothelial iron was
associated with 1.7 fold increased risk of significant
fibrosis compared to those without iron staining.
Reticulo-endothelial iron was found to have a trend
towards an association with a lower risk of significant
[66]
fibrosis. Nelson et al , however, found seemingly
contradictory results, with reticulo-endothelial iron
being associated with greater risk of advanced fibrosis,
lobular inflammation and hepatocellular ballooning in
the US cohort of 849 patients enrolled in the NASH
CRN database. In this study, the mean NAFLD Activity
[67]
Score (NAS)
was 4.8 in the reticulo-endothelial iron
staining group compared to 4.0 in the hepatocellular
iron staining group. The exact reasons for this

HEPATIC IRON AND NAFLD
The role of hepatic iron in NAFLD pathogenesis has
largely focussed on the generation of oxidative stress
by iron. Given that oxidative stress is an established
[31]
key component of NASH pathogenesis , a role
for iron mediating liver injury in NAFLD via this
mechanism has been well studied. In NASH, oxidative
stress leads to cell death via depletion of ATP, NAD
and glutathione, and by direct damage to DNA, lipids
[31]
and proteins within hepatocytes . Furthermore,
oxidative stress leads to an increase in the production
of pro-inflammatory cytokines and a fibrogenic
[31]
response . Not only does oxidative stress potentiate
steatohepatitis, characterised by inflammation and
cell death, it can also increase steatosis by preventing
the secretion of very low density lipoprotein (VLDL) by
causing increased degradation of apolipoprotein B100
[51]
(ApoB100) . In cultured primary rodent hepatocytes,
the iron chelator desferrioxamine was able to restore
[51]
ApoB100 and enhance VLDL export .
Reduced oxidative stress has been observed in
the livers of rats fed an iron-deficient diet and after
[52]
phlebotomy . In a series of liver biopsies from
patients with NAFLD, increased hepatic iron stores
were found to be associated with increased lipid
[53]
peroxidation . In humans, iron overload has been
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role that may contribute directly to liver pathology
in an endocrine fashion, and also via paracrine
mechanisms that influence the production of other
[28]
adipokines from adipocytes . Adipokines produced by
adipocytes which have been shown to influence NAFLD
pathogenesis include adiponectin, leptin, resistin,
suppressor of cytokine signalling-3 and secreted
[28,29]
frizzled related protein 5
.
Adipose tissue has been proposed as a site at which
[9]
iron may have a major pathogenic role in NASH .
Unfortunately, to our knowledge, direct human data
reporting iron concentrations in visceral adipose tissue
and its significance in disease are lacking and this area
represents both a target for future research and a
technical challenge.
Evidence for the role of adipose tissue iron in
NAFLD pathogenesis mainly comes indirectly from
the association between adipocyte iron and insulin
[19]
resistance. In 2012, Gabrielsen et al
demonstra
ted that adipocyte iron reduced adiponectin gene
expression, serum adiponectin levels and glucose
tolerance in an adipocyte-specific Ferroportin
knockout mouse model. Using the novel Ap2-Cre:
fl/fl
Fpn model they were able to selectively load iron
into adipocytes. The model was developed following
the observation that adipocytes are high expressers of
[19]
ferroportin . Using cultured pre-adipocytes (3T3-L1
cells) and chromatin immunoprecipitation analysis,
iron was shown to alter acetylation and binding of
the forkhead transcription factor Foxo1 to adiponectin
gene promoter binding sites. In a human arm of the
same study, they were able to demonstrate an inverse
correlation between serum ferritin concentration and
adiponectin that was independent of inflammation. This
observation has subsequently been replicated in 492
[73]
Dutch individuals with risk factors for type Ⅱ diabetes .
Moreover, in obese patients undergoing bariatric
surgery, two gene expression markers of increased
adipocyte iron loading: increased hepcidin gene (HAMP)
mRNA expression and decreased transferrin receptor 1
(Tfr1) mRNA expression were associated with reduced
[74]
quantities of Adipoq (adiponectin gene) mRNA .
Iron-mediated dysregulation of two other adi
pokines has been demonstrated in rodent models.
[75]
Dongiovanni et al
have shown that dietary iron
loading in mice leads to increased expression of
resistin via SOCS-3 which are mediators of insulin
resistance. Recently, data from mouse and 3T3-L1
cell culture models found that iron down-regulates
the expression of the appetite-suppressing adipokine,
leptin - a hormone strongly implicated in NAFLD
[29,76]
pathogenesis
. Intriguingly, this may help explain
the symptom of anorexia in iron deficiency, although
the significance of these findings in NAFLD is uncertain.
Adipose tissue iron has been shown to directly
enhance lipolysis in isolated rat adipocytes and
[77,78]
. As adipose tissue is the
cultured 3T3-L1 cells
predominant source of free fatty acid flux to the
[24]
liver , this is potentially a very important mechanism

Table 1 Proposed mechanisms for the involvement of iron in
non-alcoholic fatty liver disease pathogenesis
Site

Mechanism

Hepatic iron

Adipose tissue iron

Oxidative Stress[31,53-57]
Reduced VLDL export[51]
Macrophage activation[57-59]
Stellate cell activation[60]
Endoplasmic reticulum stress[61]
Increased cholesterol synthesis[62]
Reduced adiponectin[19,73,74]
Reduced leptin[76]
Increased resistin[75]
Increased lipolysis[77,78]

discrepancy between these two large well-designed
studies is unclear, although it is noted that there were
some differences between the Italian and US cohorts
including the frequency of steatohepatitis and beta[9]
globin mutations .
One might argue, however, that the sum of the
human data indicates that if hepatic iron does promote
liver injury in NAFLD, then its effect is likely to be
relatively small.

ADIPOSE TISSUE IRON AND INSULIN
RESISTANCE
In recent years, there has been increasing recognition
of the role of adipose tissue dysfunction in the
[28]
development of insulin resistance and NAFLD .
Adipose tissue is undoubtedly a significant endocrine
[68]
organ . It is comprised of adipocytes (fat cells),
a mixture of cells categorised as the stromalvascular fraction including reticuloendothelial cells,
[68]
predominantly macrophages . Central obesity and the
metabolic syndrome are characterised by infiltration
of bone marrow-derived macrophages into adipose
[21,69]
tissue
. Macrophage accumulation in adipose tissue
is associated with obesity and the development of
[21,28]
NAFLD
. A loss of regulatory T-cells and an increase
in CD8+ effector T-cells characterises visceral adipose
[28,70,71]
tissue in insulin resistance
. The net effect of this
adipose tissue infiltration with immune cells is a state
of systemic low grade inflammation that is mediated
by a number of adipose tissue cytokines, termed
[68]
adipokines . Ectopic fat, such as omental (visceral)
and epicardial or mediastinal fat, is dysfunctional tissue
[72]
that is more likely to undergo inflammation . In the
case of visceral fat, this inflammation is particularly
problematic with regards to liver physiology due to the
direct transfer of adipokines to the liver via the portal
[29]
vein .
Adipokines are polypeptides that are expressed
[29]
significantly in adipose tissue in a regulated manner .
Of these, a number of important macrophage derived
adipokines appear to play an important role in the
development of NAFLD. Both tumour necrosis factor
alpha and interleukin-6 have a pro-inflammatory
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of adipose tissue iron action in NAFLD, although these
findings are yet to be demonstrated in animal models
or humans. Potential mechanisms relating to adipose
tissue iron in NAFLD pathogenesis are summarized in
Table 1.
In summary, iron has been increasingly recognised
as a regulator of adipose tissue function. Evidence
supports a role for iron in the regulation of adipose
tissue inflammation, adipokine regulation and adipose
tissue lipolysis. At present, most of the evidence
supports a role for adipose tissue iron in the pathogenesis
of insulin resistance and type Ⅱ diabetes, although
clearly these mechanisms may be highly relevant in
NAFLD.

than in those without, however, the investigators
were unable to determine whether those patients
with NAFLD and HFE gene mutations are more likely
to develop steatohepatitis and progressive liver injury
than those without mutations.
The issue concerning the effect of heterozygous
mutations in progression to NASH was highlighted by
an analysis of HFE mutations within the NASH CRN
[85]
cohort . This is a well-defined cohort of patients
with biopsy proven NAFLD. Subjects with the H63D
mutation had higher steatosis grades and NAS than
their wild-type controls. However, those NAFLD
patients with C282Y mutations had lower rates of
hepatocyte ballooning and steatohepatitis.
Our group has previously shown that mice with
homozygous knockout of the Hfe gene develop severe
steatosis, steatohepatitis and early fibrosis when fed
a high fat diet, whereas wild-type mice develop mild
steatosis and no steatohepatitis or fibrosis when fed the
[86]
same diet . Hfe null mice had only modest increases
in HIC, and it was proposed that the increased histologic
injury seen in these animals may have been due to
the lack of HFE protein rather than iron overload per
se. Hfe null mice demonstrated dysregulated hepatic
lipid metabolism with increased transcription of genes
associated with de novo lipogenesis and reduced
transcription of those associated with fatty acid
[86]
oxidation .
A number of other non-HFE iron-loading poly
morphisms have been proposed as modulators of NAFLD
[9,87]
pathogenesis
. Of these, the A736V polymorphism
of the Trans-membrane protease serine-6 (TMPRSS6)
gene has been studied in patients with NAFLD. The
TMPRSS6 gene encodes for matriptase-2, an enzyme
responsible for hemojuvelin cleavage that inhibits the
bone morphogenetic protein-6 pathway, thus reducing
hepcidin expression and increasing duodenal iron
[18,87]
absorption
. Of 216 Italian patients with NAFLD,
[87]
38% had the AA genotype, 47% AV and, 15% VV .
The VV genotype is associated with increased hepcidin
expression and reduced iron loading and in this study
was associated with a trend (P = 0.05) towards a
[87]
reduction in hepatocyte ballooning .
In summary, human and animal model data sup
port a role for a co-toxic liver injury in the setting of
hereditary hemochromatosis and NAFLD. Other more
mild iron loading phenotypes such as heterozygous
HFE gene mutations and polymorphisms of TMPRSS6
may have disease modifying roles in NAFLD, although
their effect is likely to be small.

IRON-RELATED GENETIC
POLYMORPHISMS IN NAFLD
PATHOGENESIS
The most common inherited disorder affecting the
hepcidin-ferroportin axis is type I hereditary hemoch
[16,18]
romatosis
. This usually results from homozygous
[79]
p.C282Y mutation of HFE (HFE-hemochromatosis) .
The additional insult of NAFLD acts as a co-factor for
the development of liver injury in C282Y homozygotes
[80]
with hereditary hemochromatosis . In non-hemo
chromatotics, the broader significance of HFE gene
mutations as co-factors in the pathogenesis of NAFLD
has received intense interest in recent years. The two
most significant HFE mutations in Caucasian populations
[18]
are the p.C282Y and p.H63D mutations .
Heterozygosity for the C282Y mutation is found in
approximately 10%-11% of individuals in Caucasian
[81,82]
populations
. C282Y heterozygosity is associated
with a mild increase in serum iron markers, but not
[82]
with overt hemochromatosis .
Many studies have looked at the association
between HFE gene mutations and the incidence of
NAFLD, but with conflicting results. These studies may
have been limited by inadequate statistical power and
[83]
heterogeneity of the cohorts. In 2011, Hernaez et al
published the results of a meta-analysis of 13 casecontrol studies specifically aimed at determining the
association between HFE gene mutations and NAFLD.
[84]
In contrast to a previous meta-analysis by Ellervik et al ,
they found no association between the C282Y/C282Y
genotype and NAFLD. Similarly the presence of neither
the C282Y mutation nor the H63D mutation resulted
in an increased risk of NAFLD in Caucasians. In a
sub-analysis of three studies of non-Caucasians, an
association was found between the presence of the
[83]
H63D mutation and the presence of NAFLD .
A limitation of the meta-analysis, as noted by its
authors, is that it was not able to determine whether
HFE gene mutations might have a disease modifying
[83]
role in subjects after they have developed NAFLD .
This study appears to show that HFE gene mutations
are generally no more common in subjects with NAFLD
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CLINICAL TRIALS OF IRON REDUCTION
THERAPY
Although associations of modest iron overload with
NAFLD and diabetes appear reasonably well esta
blished, causality is difficult to determine using these
studies alone. The most useful information with which
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to more directly assess causality comes from human
studies that have assessed the response to iron
removal by venesection.
Venesection has been shown to improve glucose
tolerance in healthy individuals and improve insulin
sensitivity in type Ⅱ diabetics with a high serum
[88,89]
ferritin concentration
. Moreover, in patients with
the metabolic syndrome, venesection has been shown
to improve metabolic syndrome parameters, including
reduced blood pressure, blood glucose, glycosylated
hemoglobin (HbA1C) and low-density lipoprotein/high
[90]
density lipoprotein (LDL/HDL) ratio . In patients with
NAFLD and carbohydrate intolerance, venesection to
near iron deficiency (decrease in serum ferritin from
299 ± 41 μg/L to 15 ± 1 μg/L) not only improved
insulin sensitivity, as measured by fasting glucose,
insulin and homeostatic model assessment-insulin
resistance (HOMA-IR) score, but also improved serum
alanine aminotransferase levels from 61 ± 5 U/L to 32
[91]
± 2 U/L .
Two randomised controlled trials investigating
venesection efficacy in NAFLD have recently been
published. In a study of 38 Italian patients with NAFLD
and hyperferritinemia, participants were randomised
to venesection versus no venesection with liver biopsy
[92]
before and after treatment . Of the 38 enrolled
participants, 21 underwent liver biopsy at the end of
treatment. Despite the small numbers, histological
improvement, defined by an improvement in NAS, was
seen in 8 of 12 participants in the venesection group
compared to 2 of 9 participants in the control group (P
[92]
= 0.04) .
The largest randomised study of venesection in
NAFLD to date involved 74 Australian participants with
[93]
NAFLD . These included patients with sonographically
detected NAFLD and a wide range of serum ferritin
concentration, including many within the normal range.
Non-invasive assessment was performed to assess
response to randomised therapy of either venesec
tion with lifestyle advice versus lifestyle advice alone.
There was no observed effect of venesection on hepatic
steatosis determined by magnetic resonance imaging,
serum ALT or CK-18 fragments. Somewhat surprisingly,
there was also no effect on static and dynamic mea
sures of glucose homeostasis including the HOMA-IR
[93]
score and insulin sensitivity index .
Overall, although there are promising results from
small studies, venesection cannot currently be recom
mended as a suitable therapy for the majority of
[94]
patients with NAFLD . However, whether there are
sub-groups of non-hemochromatotic NAFLD patients
with increased iron that would benefit from venesection,
remains to be determined by further studies.

associated conditions, such as insulin resistance and
obesity, might themselves mediate iron metabolism.
Serum hepcidin levels are typically elevated in
[95]
individuals with NASH . As this in itself fails to
explain iron loading in NASH, one might consider
that dysregulated iron metabolism occurs in NASH
independently of hepcidin. In this regard, Transferrin
receptor-1 (Tfr1) has been shown to be upregulated
as a consequence of a high fat diet in mice which
may lead to hepatocellular uptake in NAFLD despite
[96]
already increased hepatocellular iron . Also, divalent
metal transporter 1, which is responsible for import of
iron from the duodenal lumen into enterocytes is upregulated in patients with NASH, despite increased
[97]
serum hepcidin . Another intriguing finding is that
increased red cell fragility in response to a high fat diet
[98]
in rabbits leads to increased erythrophagocytosis .
This may explain increases in hepatic reticuloendothelial
[66]
iron that have been observed in some NASH cohorts .
It seems likely that elevated hepcidin in NASH is
either a reflection of hepatocellular inflammation or
simply that increased iron, which induces hepcidin,
pre-dates the development of NASH. Indeed, hepcidin
expression appears to be directly enhanced by insulin
and down-regulated in the setting in insulin resistance,
thus indicting a possible mechanism for iron loading
as an early event in the pathogenesis of NAFLD and
[99]
type Ⅱ diabetes . Furthermore, it has been observed
that hepcidin is expressed in white adipose tissue and
[100]
is increased in obesity . Although the contribution of
adipose tissue-derived hepcidin to the serum hepcidin
pool is uncertain, this is another potential factor that
may explain increased serum hepcidin in NASH.
Further complexity in these relationships arises when
one considers that iron deficiency has been shown to
be associated with obesity and in women with obesity
[101,102]
and NAFLD
. Together, these findings suggest that
the interaction between iron and lipid metabolism is
multi-faceted. It seems that “just enough” but “not too
much” iron may be critical in preventing dysfunctional
lipid metabolism.
If one accepts a causal role for iron in NASH
pathogenesis, then variations in dietary iron may
explain much of the spectrum of iron loading in NASH.
Although there is no specific evidence relating iron
intake to NASH pathogenesis in humans, increased
dietary iron, particularly from red meat, seems to
predispose individuals to the development of insulin
[103-105]
resistance and type Ⅱ diabetes
.

CONCLUSION
In summary, there is considerable evidence that
links increased iron stores with insulin resistance and
NAFLD. This includes a number of studies that have
identified serum ferritin concentration as a predictor
of liver injury. Hepatic iron itself is attractive culprit
for liver injury, although the cellular location of iron
within the liver may vary between genetically distinct

IRON METABOLISM IN NAFLD
So far, we have discussed the effect of iron on the
pathogenesis of NAFLD and insulin resistance. It is
also necessary to consider to what extent NAFLD and
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populations. Increasingly, adipose tissue iron has been
linked with adipose tissue dysfunction, including the
dysregulation of adipokines, enhanced adipose tissue
lipolysis and adipose tissue inflammation. These are
plausible candidate mechanisms that may link adipose
tissue iron to liver injury. However, assessment of
adipose tissue iron concentrations in individuals with
well characterised NAFLD remains a goal for future
studies.
Iron-related genetic polymorphisms, such as
those of the HFE gene, may contribute to NAFLD
pathogenesis, although it would appear that, other
than for individuals with hereditary hemochromatosis,
the effect of these polymorphisms, is likely to be small.
The complexity of these relationships between iron and
NAFLD is further increased when one considers the
possibility that NAFLD itself is likely to have a number
of effects on iron metabolism.
Finally, venesection studies have offered a unique
opportunity with which to assess causality of iron
loading in the pathogenesis of NAFLD. The available
data suggest that venesection is unsuitable as a general
treatment for all patients with NAFLD. Therefore, the
key for future human studies will be to determine
whether a subset of patients with NAFLD can be
identified that might still benefit from therapeutic
manipulation of iron homeostasis.

10
11

12
13

14
15
16
17

18
19

REFERENCES
1
2

3

4

5

6

7

8
9

Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat Rev
Gastroenterol Hepatol 2013; 10: 686-690 [PMID: 24042449 DOI:
10.1038/nrgastro.2013.171]
Chitturi S, Farrell GC, Hashimoto E, Saibara T, Lau GK, Sollano
JD. Non-alcoholic fatty liver disease in the Asia-Pacific region:
definitions and overview of proposed guidelines. J Gastroenterol
Hepatol 2007; 22: 778-787 [PMID: 17565630 DOI: 10.1111/
j.1440-1746.2007.05001.x]
Anstee QM, Targher G, Day CP. Progression of NAFLD to
diabetes mellitus, cardiovascular disease or cirrhosis. Nat Rev
Gastroenterol Hepatol 2013; 10: 330-344 [PMID: 23507799 DOI:
10.1038/nrgastro.2013.41]
Charlton MR, Burns JM, Pedersen RA, Watt KD, Heimbach JK,
Dierkhising RA. Frequency and outcomes of liver transplantation
for nonalcoholic steatohepatitis in the United States.
Gastroenterology 2011; 141: 1249-1253 [PMID: 21726509 DOI:
10.1053/j.gastro.2011.06.061]
Vernon G, Baranova A, Younossi ZM. Systematic review: the
epidemiology and natural history of non-alcoholic fatty liver
disease and non-alcoholic steatohepatitis in adults. Aliment
Pharmacol Ther 2011; 34: 274-285 [PMID: 21623852 DOI:
10.1111/j.1365-2036.2011.04724.x]
Khan FZ, Perumpail RB, Wong RJ, Ahmed A. Advances in
hepatocellular carcinoma: Nonalcoholic steatohepatitis-related
hepatocellular carcinoma. World J Hepatol 2015; 7: 2155-2161
[PMID: 26328027 DOI: 10.4254/wjh.v7.i18.2155]
Lade A, Noon LA, Friedman SL. Contributions of metabolic
dysregulation and inflammation to nonalcoholic steatohepatitis,
hepatic fibrosis, and cancer. Curr Opin Oncol 2014; 26: 100-107
[PMID: 24275855 DOI: 10.1097/CCO.0000000000000042]
Cheung O, Sanyal AJ. Recent advances in nonalcoholic fatty
liver disease. Curr Opin Gastroenterol 2010; 26: 202-208 [PMID:
20168226 DOI: 10.1097/MOG.0b013e328337b0c4]
Dongiovanni P, Fracanzani AL, Fargion S, Valenti L. Iron in

WJG|www.wjgnet.com

20
21

22

23
24

25
26

27

28

8119

fatty liver and in the metabolic syndrome: a promising therapeutic
target. J Hepatol 2011; 55: 920-932 [PMID: 21718726 DOI:
10.1016/j.jhep.2011.05.008]
Nelson JE, Klintworth H, Kowdley KV. Iron metabolism in
Nonalcoholic Fatty Liver Disease. Curr Gastroenterol Rep 2012;
14: 8-16 [PMID: 22124850 DOI: 10.1007/s11894-011-0234-4]
Moirand R, Mortaji AM, Loréal O, Paillard F, Brissot P, Deugnier
Y. A new syndrome of liver iron overload with normal transferrin
saturation. Lancet 1997; 349: 95-97 [PMID: 8996422 DOI:
10.1016/S0140-6736(96)06034-5]
Simcox JA, McClain DA. Iron and diabetes risk. Cell Metab 2013;
17: 329-341 [PMID: 23473030 DOI: 10.1016/j.cmet.2013.02.007]
Smith BW, Adams LA. Nonalcoholic fatty liver disease
and diabetes mellitus: pathogenesis and treatment. Nat Rev
Endocrinol 2011; 7: 456-465 [PMID: 21556019 DOI: 10.1038/
nrendo.2011.72]
Watt RK. The many faces of the octahedral ferritin protein.
Biometals 2011; 24: 489-500 [PMID: 21267633 DOI: 10.1007/
s10534-011-9415-8]
Anderson GJ, Vulpe CD. Mammalian iron transport. Cell Mol
Life Sci 2009; 66: 3241-3261 [PMID: 19484405 DOI: 10.1007/
s00018-009-0051-1]
Babitt JL, Lin HY. The molecular pathogenesis of hereditary
hemochromatosis. Semin Liver Dis 2011; 31: 280-292 [PMID:
21901658 DOI: 10.1055/s-0031-1286059]
Fleming DJ, Jacques PF, Tucker KL, Massaro JM, D’Agostino
RB, Wilson PW, Wood RJ. Iron status of the free-living, elderly
Framingham Heart Study cohort: an iron-replete population with a
high prevalence of elevated iron stores. Am J Clin Nutr 2001; 73:
638-646 [PMID: 11237943]
Fleming RE, Ponka P. Iron overload in human disease. N Engl
J Med 2012; 366: 348-359 [PMID: 22276824 DOI: 10.1056/
NEJMra1004967]
Gabrielsen JS, Gao Y, Simcox JA, Huang J, Thorup D, Jones D,
Cooksey RC, Gabrielsen D, Adams TD, Hunt SC, Hopkins PN,
Cefalu WT, McClain DA. Adipocyte iron regulates adiponectin
and insulin sensitivity. J Clin Invest 2012; 122: 3529-3540 [PMID:
22996660 DOI: 10.1172/JCI44421]
Takamura T, Misu H, Ota T, Kaneko S. Fatty liver as a conse
quence and cause of insulin resistance: lessons from type 2 diabetic
liver. Endocr J 2012; 59: 745-763 [PMID: 22893453]
Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL,
Ferrante AW. Obesity is associated with macrophage accumulation
in adipose tissue. J Clin Invest 2003; 112: 1796-1808 [PMID:
14679176 DOI: 10.1172/JCI19246]
Larter CZ, Chitturi S, Heydet D, Farrell GC. A fresh look at
NASH pathogenesis. Part 1: the metabolic movers. J Gastroenterol
Hepatol 2010; 25: 672-690 [PMID: 20492324 DOI: 10.1111/
j.1440-1746.2010.06253.x]
Carmen GY, Víctor SM. Signalling mechanisms regulating
lipolysis. Cell Signal 2006; 18: 401-408 [PMID: 16182514 DOI:
10.1016/j.cellsig.2005.08.009]
Donnelly KL, Smith CI, Schwarzenberg SJ, Jessurun J, Boldt MD,
Parks EJ. Sources of fatty acids stored in liver and secreted via
lipoproteins in patients with nonalcoholic fatty liver disease. J Clin
Invest 2005; 115: 1343-1351 [PMID: 15864352 DOI: 10.1172/
JCI23621]
Samuel VT, Shulman GI. Mechanisms for insulin resistance:
common threads and missing links. Cell 2012; 148: 852-871
[PMID: 22385956 DOI: 10.1016/j.cell.2012.02.017]
Malhi H, Bronk SF, Werneburg NW, Gores GJ. Free fatty acids
induce JNK-dependent hepatocyte lipoapoptosis. J Biol Chem
2006; 281: 12093-12101 [PMID: 16505490 DOI: 10.1074/jbc.
M510660200]
Wei Y, Wang D, Topczewski F, Pagliassotti MJ. Saturated
fatty acids induce endoplasmic reticulum stress and apoptosis
independently of ceramide in liver cells. Am J Physiol Endocrinol
Metab 2006; 291: E275-E281 [PMID: 16492686 DOI: 10.1152/
ajpendo.00644.2005]
Hebbard L, George J. Animal models of nonalcoholic fatty liver
disease. Nat Rev Gastroenterol Hepatol 2011; 8: 35-44 [PMID:

September 28, 2016|Volume 22|Issue 36|

Britton LJ et al . Iron and NAFLD

29
30
31

32

33

34

35

36
37

38
39

40

41

42

43

21119613 DOI: 10.1038/nrgastro.2010.191]
Marra F, Bertolani C. Adipokines in liver diseases. Hepatology
2009; 50: 957-969 [PMID: 19585655 DOI: 10.1002/hep.23046]
Li Y, Jadhav K, Zhang Y. Bile acid receptors in non-alcoholic fatty
liver disease. Biochem Pharmacol 2013; 86: 1517-1524 [PMID:
23988487 DOI: 10.1016/j.bcp.2013.08.015]
Rolo AP, Teodoro JS, Palmeira CM. Role of oxidative stress in the
pathogenesis of nonalcoholic steatohepatitis. Free Radic Biol Med
2012; 52: 59-69 [PMID: 22064361 DOI: 10.1016/j.freeradbiomed.
2011.10.003]
Frazier TH, DiBaise JK, McClain CJ. Gut microbiota, intestinal
permeability, obesity-induced inflammation, and liver injury. JPEN
J Parenter Enteral Nutr 2011; 35: 14S-20S [PMID: 21807932
DOI: 10.1177/0148607111413772]
Puri P, Mirshahi F, Cheung O, Natarajan R, Maher JW, Kellum
JM, Sanyal AJ. Activation and dysregulation of the unfolded protein
response in nonalcoholic fatty liver disease. Gastroenterology 2008;
134: 568-576 [PMID: 18082745 DOI: 10.1053/j.gastro.2007.10.039]
Zhang XQ, Xu CF, Yu CH, Chen WX, Li YM. Role of
endoplasmic reticulum stress in the pathogenesis of nonalcoholic
fatty liver disease. World J Gastroenterol 2014; 20: 1768-1776
[PMID: 24587654 DOI: 10.3748/wjg.v20.i7.1768]
Paradies G, Paradies V, Ruggiero FM, Petrosillo G. Oxidative
stress, cardiolipin and mitochondrial dysfunction in nonalcoholic
fatty liver disease. World J Gastroenterol 2014; 20: 14205-14218
[PMID: 25339807 DOI: 10.3748/wjg.v20.i39.14205]
Bohinc BN, Diehl AM. Mechanisms of disease progression in
NASH: new paradigms. Clin Liver Dis 2012; 16: 549-565 [PMID:
22824480 DOI: 10.1016/j.cld.2012.05.002]
Huang J, Gabrielsen JS, Cooksey RC, Luo B, Boros LG, Jones
DL, Jouihan HA, Soesanto Y, Knecht L, Hazel MW, Kushner JP,
McClain DA. Increased glucose disposal and AMP-dependent
kinase signaling in a mouse model of hemochromatosis. J Biol
Chem 2007; 282: 37501-37507 [PMID: 17971451 DOI: 10.1074/
jbc.M703625200]
Ford ES, Cogswell ME. Diabetes and serum ferritin concentration
among U.S. adults. Diabetes Care 1999; 22: 1978-1983 [PMID:
10587829]
Jiang R, Manson JE, Meigs JB, Ma J, Rifai N, Hu FB. Body iron
stores in relation to risk of type 2 diabetes in apparently healthy
women. JAMA 2004; 291: 711-717 [PMID: 14871914 DOI:
10.1001/jama.291.6.711]
Montonen J, Boeing H, Steffen A, Lehmann R, Fritsche A, Joost
HG, Schulze MB, Pischon T. Body iron stores and risk of type 2
diabetes: results from the European Prospective Investigation into
Cancer and Nutrition (EPIC)-Potsdam study. Diabetologia 2012;
55: 2613-2621 [PMID: 22752055 DOI: 10.1007/s00125-0122633-y]
Orban E, Schwab S, Thorand B, Huth C. Association of iron
indices and type 2 diabetes: a meta-analysis of observational
studies. Diabetes Metab Res Rev 2014; 30: 372-394 [PMID:
24327370 DOI: 10.1002/dmrr.2506]
Huth C, Beuerle S, Zierer A, Heier M, Herder C, Kaiser T, Koenig
W, Kronenberg F, Oexle K, Rathmann W, Roden M, Schwab S,
Seissler J, Stöckl D, Meisinger C, Peters A, Thorand B. Biomarkers
of iron metabolism are independently associated with impaired
glucose metabolism and type 2 diabetes: the KORA F4 study. Eur
J Endocrinol 2015; 173: 643-653 [PMID: 26294793 DOI: 10.1530/
EJE-15-0631]
Podmore C, Meidtner K, Schulze MB, Scott RA, Ramond
A, Butterworth AS, Di Angelantonio E, Danesh J, Arriola L,
Barricarte A, Boeing H, Clavel-Chapelon F, Cross AJ, Dahm
CC, Fagherazzi G, Franks PW, Gavrila D, Grioni S, Gunter MJ,
Gusto G, Jakszyn P, Katzke V, Key TJ, Kühn T, Mattiello A,
Nilsson PM, Olsen A, Overvad K, Palli D, Quirós JR, Rolandsson
O, Sacerdote C, Sánchez-Cantalejo E, Slimani N, Sluijs I,
Spijkerman AM, Tjonneland A, Tumino R, van der A DL, van
der Schouw YT, Feskens EJ, Forouhi NG, Sharp SJ, Riboli E,
Langenberg C, Wareham NJ. Association of Multiple Biomarkers
of Iron Metabolism and Type 2 Diabetes: The EPIC-InterAct

WJG|www.wjgnet.com

44

45

46

47

48

49

50

51

52

53

54

55

56

57

8120

Study. Diabetes Care 2016; 39: 572-581 [PMID: 26861925 DOI:
10.2337/dc15-0257]
Bugianesi E, Manzini P, D’Antico S, Vanni E, Longo F, Leone
N, Massarenti P, Piga A, Marchesini G, Rizzetto M. Relative
contribution of iron burden, HFE mutations, and insulin resistance
to fibrosis in nonalcoholic fatty liver. Hepatology 2004; 39:
179-187 [PMID: 14752836 DOI: 10.1002/hep.20023]
Kowdley KV, Belt P, Wilson LA, Yeh MM, NeuschwanderTetri BA, Chalasani N, Sanyal AJ, Nelson JE. Serum ferritin is an
independent predictor of histologic severity and advanced fibrosis
in patients with nonalcoholic fatty liver disease. Hepatology 2012;
55: 77-85 [PMID: 21953442 DOI: 10.1002/hep.24706]
Sumida Y, Yoneda M, Hyogo H, Yamaguchi K, Ono M, Fujii H,
Eguchi Y, Suzuki Y, Imai S, Kanemasa K, Fujita K, Chayama K,
Yasui K, Saibara T, Kawada N, Fujimoto K, Kohgo Y, Okanoue T.
A simple clinical scoring system using ferritin, fasting insulin, and
type IV collagen 7S for predicting steatohepatitis in nonalcoholic
fatty liver disease. J Gastroenterol 2011; 46: 257-268 [PMID:
20842510 DOI: 10.1007/s00535-010-0305-6]
Valenti L, Fracanzani AL, Bugianesi E, Dongiovanni P, Galmozzi
E, Vanni E, Canavesi E, Lattuada E, Roviaro G, Marchesini G,
Fargion S. HFE genotype, parenchymal iron accumulation, and
liver fibrosis in patients with nonalcoholic fatty liver disease.
Gastroenterology 2010; 138: 905-912 [PMID: 19931264 DOI:
10.1053/j.gastro.2009.11.013]
Chandok N, Minuk G, Wengiel M, Uhanova J. Serum ferritin
levels do not predict the stage of underlying non-alcoholic fatty
liver disease. J Gastrointestin Liver Dis 2012; 21: 53-58 [PMID:
22457860]
Chitturi S, Weltman M, Farrell GC, McDonald D, Kench J, Liddle
C, Samarasinghe D, Lin R, Abeygunasekera S, George J. HFE
mutations, hepatic iron, and fibrosis: ethnic-specific association of
NASH with C282Y but not with fibrotic severity. Hepatology 2002;
36: 142-149 [PMID: 12085358 DOI: 10.1053/jhep.2002.33892]
Kim CW, Chang Y, Sung E, Shin H, Ryu S. Serum ferritin levels
predict incident non-alcoholic fatty liver disease in healthy Korean
men. Metabolism 2012; 61: 1182-1188 [PMID: 22386931 DOI:
10.1016/j.metabol.2012.01.007]
Pan M, Cederbaum AI, Zhang YL, Ginsberg HN, Williams KJ,
Fisher EA. Lipid peroxidation and oxidant stress regulate hepatic
apolipoprotein B degradation and VLDL production. J Clin Invest
2004; 113: 1277-1287 [PMID: 15124019 DOI: 10.1172/JCI19197]
Minamiyama Y, Takemura S, Kodai S, Shinkawa H, Tsukioka
T, Ichikawa H, Naito Y, Yoshikawa T, Okada S. Iron restriction
improves type 2 diabetes mellitus in Otsuka Long-Evans Tokushima
fatty rats. Am J Physiol Endocrinol Metab 2010; 298: E1140-E1149
[PMID: 20215574 DOI: 10.1152/ajpendo.00620.2009]
MacDonald GA, Bridle KR, Ward PJ, Walker NI, Houglum K,
George DK, Smith JL, Powell LW, Crawford DH, Ramm GA.
Lipid peroxidation in hepatic steatosis in humans is associated
with hepatic fibrosis and occurs predominately in acinar zone 3. J
Gastroenterol Hepatol 2001; 16: 599-606 [PMID: 11422610]
Fujita N, Miyachi H, Tanaka H, Takeo M, Nakagawa N, Kobayashi
Y, Iwasa M, Watanabe S, Takei Y. Iron overload is associated with
hepatic oxidative damage to DNA in nonalcoholic steatohepatitis.
Cancer Epidemiol Biomarkers Prev 2009; 18: 424-432 [PMID:
19190144 DOI: 10.1158/1055-9965.EPI-08-0725]
Nakashima T, Sumida Y, Furutani M, Hirohama A, Okita M,
Mitsuyoshi H, Itoh Y, Okanoue T. Elevation of serum thioredoxin
levels in patients with nonalcoholic steatohepatitis. Hepatol
Res 2005; 33: 135-137 [PMID: 16257259 DOI: 10.1016/
j.hepres.2005.09.021]
Messner DJ, Rhieu BH, Kowdley KV. Iron overload causes
oxidative stress and impaired insulin signaling in AML-12
hepatocytes. Dig Dis Sci 2013; 58: 1899-1908 [PMID: 23558563
DOI: 10.1007/s10620-013-2648-3]
Maliken BD, Nelson JE, Klintworth HM, Beauchamp M, Yeh
MM, Kowdley KV. Hepatic reticuloendothelial system cell iron
deposition is associated with increased apoptosis in nonalcoholic
fatty liver disease. Hepatology 2013; 57: 1806-1813 [PMID:

September 28, 2016|Volume 22|Issue 36|

Britton LJ et al . Iron and NAFLD

58

59

60

61

62

63

64

65

66

67

68

69
70

71

23325576 DOI: 10.1002/hep.26238]
Chen L, Xiong S, She H, Lin SW, Wang J, Tsukamoto H. Iron
causes interactions of TAK1, p21ras, and phosphatidylinositol
3-kinase in caveolae to activate IkappaB kinase in hepatic
macrophages. J Biol Chem 2007; 282: 5582-5588 [PMID:
17172471 DOI: 10.1074/jbc.M609273200]
Handa P, Morgan-Stevenson V, Maliken BD, Nelson JE,
Washington S, Westerman M, Yeh MM, Kowdley KV. Iron
overload results in hepatic oxidative stress, immune cell activation,
and hepatocellular ballooning injury, leading to nonalcoholic
steatohepatitis in genetically obese mice. Am J Physiol Gastrointest
Liver Physiol 2016; 310: G117-G127 [PMID: 26564716 DOI:
10.1152/ajpgi.00246.2015]
Ruddell RG, Hoang-Le D, Barwood JM, Rutherford PS, Piva
TJ, Watters DJ, Santambrogio P, Arosio P, Ramm GA. Ferritin
functions as a proinflammatory cytokine via iron-independent
protein kinase C zeta/nuclear factor kappaB-regulated signaling in
rat hepatic stellate cells. Hepatology 2009; 49: 887-900 [PMID:
19241483 DOI: 10.1002/hep.22716]
Tan TC, Crawford DH, Jaskowski LA, Subramaniam VN,
Clouston AD, Crane DI, Bridle KR, Anderson GJ, Fletcher LM.
Excess iron modulates endoplasmic reticulum stress-associated
pathways in a mouse model of alcohol and high-fat diet-induced
liver injury. Lab Invest 2013; 93: 1295-1312 [PMID: 24126888
DOI: 10.1038/labinvest.2013.121]
Graham RM, Chua AC, Carter KW, Delima RD, Johnstone D,
Herbison CE, Firth MJ, O’Leary R, Milward EA, Olynyk JK,
Trinder D. Hepatic iron loading in mice increases cholesterol
biosynthesis. Hepatology 2010; 52: 462-471 [PMID: 20683946
DOI: 10.1002/hep.23712]
George DK, Goldwurm S, MacDonald GA, Cowley LL, Walker
NI, Ward PJ, Jazwinska EC, Powell LW. Increased hepatic iron
concentration in nonalcoholic steatohepatitis is associated with
increased fibrosis. Gastroenterology 1998; 114: 311-318 [PMID:
9453491]
Fargion S, Mattioli M, Fracanzani AL, Sampietro M, Tavazzi
D, Fociani P, Taioli E, Valenti L, Fiorelli G. Hyperferritinemia,
iron overload, and multiple metabolic alterations identify patients
at risk for nonalcoholic steatohepatitis. Am J Gastroenterol
2001; 96: 2448-2455 [PMID: 11513189 DOI: 10.1111/
j.1572-0241.2001.04052.x]
Bonkovsky HL, Jawaid Q, Tortorelli K, LeClair P, Cobb J,
Lambrecht RW, Banner BF. Non-alcoholic steatohepatitis and
iron: increased prevalence of mutations of the HFE gene in nonalcoholic steatohepatitis. J Hepatol 1999; 31: 421-429 [PMID:
10488699]
Nelson JE, Wilson L, Brunt EM, Yeh MM, Kleiner DE, UnalpArida A, Kowdley KV. Relationship between the pattern of hepatic
iron deposition and histological severity in nonalcoholic fatty liver
disease. Hepatology 2011; 53: 448-457 [PMID: 21274866 DOI:
10.1002/hep.24038]
Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ,
Cummings OW, Ferrell LD, Liu YC, Torbenson MS, Unalp-Arida
A, Yeh M, McCullough AJ, Sanyal AJ. Design and validation of
a histological scoring system for nonalcoholic fatty liver disease.
Hepatology 2005; 41: 1313-1321 [PMID: 15915461 DOI: 10.1002/
hep.20701]
Cildir G, Akıncılar SC, Tergaonkar V. Chronic adipose tissue
inflammation: all immune cells on the stage. Trends Mol
Med 2013; 19: 487-500 [PMID: 23746697 DOI: 10.1016/
j.molmed.2013.05.001]
Wynn TA, Chawla A, Pollard JW. Macrophage biology in
development, homeostasis and disease. Nature 2013; 496: 445-455
[PMID: 23619691 DOI: 10.1038/nature12034]
Feuerer M, Herrero L, Cipolletta D, Naaz A, Wong J, Nayer A,
Lee J, Goldfine AB, Benoist C, Shoelson S, Mathis D. Lean, but
not obese, fat is enriched for a unique population of regulatory T
cells that affect metabolic parameters. Nat Med 2009; 15: 930-939
[PMID: 19633656 DOI: 10.1038/nm.2002]
Nishimura S, Manabe I, Nagasaki M, Eto K, Yamashita H, Ohsugi

WJG|www.wjgnet.com

72
73

74

75

76

77
78

79
80

81

82

83

84

85

86

8121

M, Otsu M, Hara K, Ueki K, Sugiura S, Yoshimura K, Kadowaki
T, Nagai R. CD8+ effector T cells contribute to macrophage
recruitment and adipose tissue inflammation in obesity. Nat Med
2009; 15: 914-920 [PMID: 19633658 DOI: 10.1038/nm.1964]
Després JP, Lemieux I. Abdominal obesity and metabolic
syndrome. Nature 2006; 444: 881-887 [PMID: 17167477 DOI:
10.1038/nature05488]
Wlazlo N, van Greevenbroek MM, Ferreira I, Jansen EH, Feskens
EJ, van der Kallen CJ, Schalkwijk CG, Bravenboer B, Stehouwer
CD. Iron metabolism is associated with adipocyte insulin
resistance and plasma adiponectin: the Cohort on Diabetes and
Atherosclerosis Maastricht (CODAM) study. Diabetes Care 2013;
36: 309-315 [PMID: 22961568 DOI: 10.2337/dc12-0505]
Pihan-Le Bars F, Bonnet F, Loréal O, Le Loupp AG, Ropert M,
Letessier E, Prieur X, Bach K, Deugnier Y, Fromenty B, Cariou B.
Indicators of iron status are correlated with adiponectin expression
in adipose tissue of patients with morbid obesity. Diabetes
Metab 2016; 42: 105-111 [PMID: 26677772 DOI: 10.1016/
j.diabet.2015.10.007]
Dongiovanni P, Ruscica M, Rametta R, Recalcati S, Steffani L,
Gatti S, Girelli D, Cairo G, Magni P, Fargion S, Valenti L. Dietary
iron overload induces visceral adipose tissue insulin resistance. Am
J Pathol 2013; 182: 2254-2263 [PMID: 23578384 DOI: 10.1016/
j.ajpath.2013.02.019]
Gao Y, Li Z, Gabrielsen JS, Simcox JA, Lee SH, Jones D, Cooksey
B, Stoddard G, Cefalu WT, McClain DA. Adipocyte iron regulates
leptin and food intake. J Clin Invest 2015; 125: 3681-3691 [PMID:
26301810 DOI: 10.1172/JCI81860]
Rumberger JM, Peters T, Burrington C, Green A. Transferrin
and iron contribute to the lipolytic effect of serum in isolated
adipocytes. Diabetes 2004; 53: 2535-2541 [PMID: 15448081]
Chirumbolo S, Rossi AP, Rizzatti V, Zoico E, Franceschetti G,
Girelli D, Zamboni M. Iron primes 3T3-L1 adipocytes to a TLR4mediated inflammatory response. Nutrition 2015; 31: 1266-1274
[PMID: 26206271 DOI: 10.1016/j.nut.2015.04.007]
Deugnier Y, Turlin B. Pathology of hepatic iron overload. Semin
Liver Dis 2011; 31: 260-271 [PMID: 21901656 DOI: 10.1055/
s-0031-1286057]
Powell EE, Ali A, Clouston AD, Dixon JL, Lincoln DJ, Purdie
DM, Fletcher LM, Powell LW, Jonsson JR. Steatosis is a cofactor
in liver injury in hemochromatosis. Gastroenterology 2005; 129:
1937-1943 [PMID: 16344062 DOI: 10.1053/j.gastro.2005.09.015]
McLaren GD, Gordeuk VR. Hereditary hemochromatosis: insights
from the Hemochromatosis and Iron Overload Screening (HEIRS)
Study. Hematology Am Soc Hematol Educ Program 2009: 195-206
[PMID: 20008199 DOI: 10.1182/asheducation-2009.1.195]
Allen KJ, Gurrin LC, Constantine CC, Osborne NJ, Delatycki
MB, Nicoll AJ, McLaren CE, Bahlo M, Nisselle AE, Vulpe CD,
Anderson GJ, Southey MC, Giles GG, English DR, Hopper JL,
Olynyk JK, Powell LW, Gertig DM. Iron-overload-related disease
in HFE hereditary hemochromatosis. N Engl J Med 2008; 358:
221-230 [PMID: 18199861 DOI: 10.1056/NEJMoa073286]
Hernaez R, Yeung E, Clark JM, Kowdley KV, Brancati FL, Kao
WH. Hemochromatosis gene and nonalcoholic fatty liver disease:
a systematic review and meta-analysis. J Hepatol 2011; 55:
1079-1085 [PMID: 21354231 DOI: 10.1016/j.jhep.2011.02.013]
Ellervik C, Birgens H, Tybjaerg-Hansen A, Nordestgaard BG.
Hemochromatosis genotypes and risk of 31 disease endpoints:
meta-analyses including 66,000 cases and 226,000 controls.
Hepatology 2007; 46: 1071-1080 [PMID: 17828789 DOI: 10.1002/
hep.21885]
Nelson JE, Brunt EM, Kowdley KV. Lower serum hepcidin
and greater parenchymal iron in nonalcoholic fatty liver disease
patients with C282Y HFE mutations. Hepatology 2012; 56:
1730-1740 [PMID: 22611049 DOI: 10.1002/hep.25856]
Tan TC, Crawford DH, Jaskowski LA, Murphy TM, Heritage
ML, Subramaniam VN, Clouston AD, Anderson GJ, Fletcher
LM. Altered lipid metabolism in Hfe-knockout mice promotes
severe NAFLD and early fibrosis. Am J Physiol Gastrointest Liver
Physiol 2011; 301: G865-G876 [PMID: 21817060 DOI: 10.1152/

September 28, 2016|Volume 22|Issue 36|

Britton LJ et al . Iron and NAFLD

87

88

89
90

91

92

93

94
95

96

ajpgi.00150.2011]
Valenti L, Rametta R, Dongiovanni P, Motta BM, Canavesi
E, Pelusi S, Pulixi EA, Fracanzani AL, Fargion S. The A736V
TMPRSS6 polymorphism influences hepatic iron overload in
nonalcoholic fatty liver disease. PLoS One 2012; 7: e48804 [PMID:
23144979 DOI: 10.1371/journal.pone.0048804]
Fernández-Real JM, Peñarroja G, Castro A, García-Bragado F,
Hernández-Aguado I, Ricart W. Blood letting in high-ferritin type
2 diabetes: effects on insulin sensitivity and beta-cell function.
Diabetes 2002; 51: 1000-1004 [PMID: 11916918]
Facchini FS. Effect of phlebotomy on plasma glucose and insulin
concentrations. Diabetes Care 1998; 21: 2190 [PMID: 9839115]
Houschyar KS, Lüdtke R, Dobos GJ, Kalus U, Broecker-Preuss
M, Rampp T, Brinkhaus B, Michalsen A. Effects of phlebotomyinduced reduction of body iron stores on metabolic syndrome:
results from a randomized clinical trial. BMC Med 2012; 10: 54
[PMID: 22647517 DOI: 10.1186/1741-7015-10-54]
Facchini FS, Hua NW, Stoohs RA. Effect of iron depletion in
carbohydrate-intolerant patients with clinical evidence of nonal
coholic fatty liver disease. Gastroenterology 2002; 122: 931-939
[PMID: 11910345]
Valenti L, Fracanzani AL, Dongiovanni P, Rovida S, Rametta R,
Fatta E, Pulixi EA, Maggioni M, Fargion S. A randomized trial of
iron depletion in patients with nonalcoholic fatty liver disease and
hyperferritinemia. World J Gastroenterol 2014; 20: 3002-3010
[PMID: 24659891 DOI: 10.3748/wjg.v20.i11.3002]
Adams LA, Crawford DH, Stuart K, House MJ, St Pierre TG,
Webb M, Ching HL, Kava J, Bynevelt M, MacQuillan GC, Garas
G, Ayonrinde OT, Mori TA, Croft KD, Niu X, Jeffrey GP, Olynyk
JK. The impact of phlebotomy in nonalcoholic fatty liver disease:
A prospective, randomized, controlled trial. Hepatology 2015; 61:
1555-1564 [PMID: 25524401 DOI: 10.1002/hep.27662]
Adams PC. The (II)logic of iron reduction therapy for
steatohepatitis. Hepatology 2015; 62: 668-670 [PMID: 25914250
DOI: 10.1002/hep.27866]
Senates E, Yilmaz Y, Colak Y, Ozturk O, Altunoz ME, Kurt
R, Ozkara S, Aksaray S, Tuncer I, Ovunc AO. Serum levels of
hepcidin in patients with biopsy-proven nonalcoholic fatty liver
disease. Metab Syndr Relat Disord 2011; 9: 287-290 [PMID:
21417913 DOI: 10.1089/met.2010.0121]
Dongiovanni P, Lanti C, Gatti S, Rametta R, Recalcati S,
Maggioni M, Fracanzani AL, Riso P, Cairo G, Fargion S, Valenti
L. High fat diet subverts hepatocellular iron uptake determining
dysmetabolic iron overload. PLoS One 2015; 10: e0116855 [PMID:
25647178 DOI: 10.1371/journal.pone.0116855]

97

98

99

100

101
102

103

104

105

Hoki T, Miyanishi K, Tanaka S, Takada K, Kawano Y, Sakurada
A, Sato M, Kubo T, Sato T, Sato Y, Takimoto R, Kobune M, Kato
J. Increased duodenal iron absorption through up-regulation of
divalent metal transporter 1 from enhancement of iron regulatory
protein 1 activity in patients with nonalcoholic steatohepatitis.
Hepatology 2015; 62: 751-761 [PMID: 25753988 DOI: 10.1002/
hep.27774]
Otogawa K, Kinoshita K, Fujii H, Sakabe M, Shiga R, Nakatani
K, Ikeda K, Nakajima Y, Ikura Y, Ueda M, Arakawa T, Hato F,
Kawada N. Erythrophagocytosis by liver macrophages (Kupffer
cells) promotes oxidative stress, inflammation, and fibrosis in a
rabbit model of steatohepatitis: implications for the pathogenesis
of human nonalcoholic steatohepatitis. Am J Pathol 2007; 170:
967-980 [PMID: 17322381 DOI: 10.2353/ajpath.2007.060441]
Wang H, Li H, Jiang X, Shi W, Shen Z, Li M. Hepcidin is directly
regulated by insulin and plays an important role in iron overload in
streptozotocin-induced diabetic rats. Diabetes 2014; 63: 1506-1518
[PMID: 24379355 DOI: 10.2337/db13-1195]
Bekri S, Gual P, Anty R, Luciani N, Dahman M, Ramesh B,
Iannelli A, Staccini-Myx A, Casanova D, Ben Amor I, SaintPaul MC, Huet PM, Sadoul JL, Gugenheim J, Srai SK, Tran
A, Le Marchand-Brustel Y. Increased adipose tissue expression
of hepcidin in severe obesity is independent from diabetes and
NASH. Gastroenterology 2006; 131: 788-796 [PMID: 16952548
DOI: 10.1053/j.gastro.2006.07.007]
Coimbra S, Catarino C, Santos-Silva A. The role of adipocytes in
the modulation of iron metabolism in obesity. Obes Rev 2013; 14:
771-779 [PMID: 23841713 DOI: 10.1111/obr.12057]
Siddique A, Nelson JE, Aouizerat B, Yeh MM, Kowdley KV.
Iron deficiency in patients with nonalcoholic Fatty liver disease is
associated with obesity, female gender, and low serum hepcidin.
Clin Gastroenterol Hepatol 2014; 12: 1170-1178 [PMID:
24269922 DOI: 10.1016/j.cgh.2013.11.017]
Fleming DJ, Tucker KL, Jacques PF, Dallal GE, Wilson PW, Wood
RJ. Dietary factors associated with the risk of high iron stores in
the elderly Framingham Heart Study cohort. Am J Clin Nutr 2002;
76: 1375-1384 [PMID: 12450906]
Bowers K, Yeung E, Williams MA, Qi L, Tobias DK, Hu FB,
Zhang C. A prospective study of prepregnancy dietary iron intake
and risk for gestational diabetes mellitus. Diabetes Care 2011; 34:
1557-1563 [PMID: 21709294 DOI: 10.2337/dc11-0134]
Qiu C, Zhang C, Gelaye B, Enquobahrie DA, Frederick IO,
Williams MA. Gestational diabetes mellitus in relation to maternal
dietary heme iron and nonheme iron intake. Diabetes Care 2011;
34: 1564-1569 [PMID: 21709295 DOI: 10.2337/dc11-0135]

P- Reviewer: Lee HC, Weghuber D

WJG|www.wjgnet.com

8122

S- Editor: Yu J L- Editor: A
E- Editor: Wang CH

September 28, 2016|Volume 22|Issue 36|

World J Gastroenterol 2016 September 28; 22(36): 8123-8136
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.i36.8123

© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Inflammatory bowel disease in India - Past, present and
future
Gautam Ray
unclear. There appears to be a North-South divide with
more ulcerative colitis (UC) in north and Crohn’s disease
(CD) in south India. IBD in second generation Indian
migrants to the West takes the early onset and more
severe form of the West whereas it retains the nature
of its country of origin in migrants to SEA countries. The
clinical presentation is much like other SEA countries
(similar age and sex profile, low positive family history
and effect of smoking, roughly similar disease location,
use of aminosalicylates for CD, low use of biologics and
similar surgical rates) with some differences (higher
incidence of inflammatory CD, lower perianal disease,
higher use of aminosalicylates and azathioprine and
lower current use of corticosteroids). UC presents
more with extensive disease not paralleled in severity
clinically or histologically, follows benign course with
easy medical control and low incidence of fulminant
disease, cancer, complications, and surgery. UC related
colorectal cancer develop in an unpredictable manner
with respect to disease duration and site questioning
the validity of strict screening protocol. About a third of
CD patients get antituberculosis drugs and a significant
number presents with small intestinal bleed which is
predominantly afflicted by aggressive inflammation.
Biomarkers have inadequate diagnostic sensitivity and
specificity for both. Pediatric IBD tends to be more
severe than adult. Population based studies are needed
to address the lacunae in epidemiology and definition
of etiological factors. Newer biomarkers and advanced
diagnostic techniques (in the field of gastrointestinal
endoscopy, molecular pathology and genetics) needs
to be developed for proper disease definition and
treatment.
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Abstract
There is rising incidence and prevalence of inflammatory
bowel disease (IBD) in India topping the Southeast
Asian (SEA) countries. The common genes implicated
in disease pathogenesis in the West are not causal in
Indian patients and the role of “hygiene hypothesis” is
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bowel disease (IBD) in India due to its rising inci
dence. This review addresses the current state of
knowledge on different aspects of Indian IBD patients
like epidemiology, genetics, mechanisms, clinical
presentations and treatment (compared to other south
Asian countries) in the context of which future areas of
research is highlighted. The disease is milder in India.
Well-designed population based studies are needed.
To address the obscure pathogenesis and uncertain
disease course (behaviour, activity, treatment response,
development of cancer and prognosis) studies on
mechanisms, biomarkers, advanced endoscopic
techniques need to be done to decrease the morbidity
burden.

EPIDEMIOLGY
In North America and northern Europe (areas with
highest IBD occurrence), the incidence of UC and CD
5
5
(6-12/10 and 5-7/10 population respectively) are
5
much higher than southern Europe (2-8/10 and 0.1
5
- 4/10 population respectively). IBD was traditionally
thought to be of low occurrence in eastern Europe, Asia
and Africa till recently. The temporal trend is variable
in different geographic areas. In North America and
northern Europe, UC initially increased from 1935 to
1964, then decreased till 1979 and thereafter have
been stable. The incidence is increasing in southern
Europe with a tendency to catch up with the north.
CD started increasing from 1960 with plateauing
after 1975 but recently have been rising all over the
[3-5]
world .
Recent reports show IBD to be rising in Asia albeit
[6]
much less than Europe . In India the first case of
CD was reported about 23 years after UC though
[1]
in surgical specimen . Since then 2 epidemiologic
studies have been conducted in north India on UC
[7,8]
only . A house to house survey of 4796 houses
including 21921 persons (> 14 years age) in Haryana
state revealed 10 cases (5 each in both sexes) which
5
5
gave a prevalence of 45.5/10 population (42.8/10
5
[7]
for males and 48.6/10 for females) . In a later study
[8]
from the neighbouring state of Punjab where cluster
sampling method was employed the crude incidence
5
and prevalence of UC was found to be 6.02/10 and
5
44.8/10 population which was the highest in Asia but
still less than that of North America and Europe. This
was similar to the prevalence reported in the study 17
years earlier indicating stability over time. There have
been no epidemiologic study from any other parts of
[9]
India though the recent IBD task force data fulfils
some of the gaps especially for CD. The IBD Task Force
was set up in 2003 to collect data prospectively by
questionnaire method from all over India. Participants
were all qualified gastroenterologists from all corners
of India. Of 1159 questionnaires analysed, UC: CD was
750:409 and region wise distribution were North 220
(148:72), East 159 (90:69), Central 255 (227:28),
South 466 (235:231), West 59 (50:9). Thus CD was
much higher in the south followed by east compared to
other regions. Most of this data was however hospital
based.
Other indirect evidence of prevalence comes also
from hospital based series on diarrhoea, GI bleed and
malabsorption which are the principle symptoms of
IBD. In an early study in 1990 on patients attending
mission hospitals in India, Nepal, Pakistan and
Bangladesh, IBD was diagnosed in only 74 cases (UC
[10]
56, CD18) out of 12272 cases of bloody diarrhoea .
Later three colonoscopic studies from north India found
[11]
[12]
IBD in 19.3%
and 5.5%
cases of lower GI bleed
[13]
and in 25% cases of chronic large bowel diarrhoea .
With the advent of better radiologic and endoscopic
modalities for visualising the small gut after 2000, CD is

Ray G. Inflammatory bowel disease in India - Past, present and
future. World J Gastroenterol 2016; 22(36): 8123-8136 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i36/8123.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i36.8123

INTRODUCTION
Inflammatory bowel disease (IBD) encompasses
ulcerative colitis (UC) and Crohn’s disease (CD), two
chronic inflammatory disease of uncertain etiology
affecting the gut. IBD started gaining special attention
in India only after mid 1980s with wider availability
of colonoscope. In the era before 1985, UC was
often difficult to distinguish from more prevalent
infectious colitis and CD was only reported on surgical
[1]
[2]
specimens and even its existence was questioned .
Clearly the studies had limitations as due to lack
of equipments the extent and severity of bowel
involvement, biopsy taking from proximal gut areas
and diagnosis of superadded infections was difficult and
treatment options were limited. The period 1986-2000
saw a resurgence of interest in IBD (especially UC)
not only due to availability of better resources but
st
nd
also increased reporting of IBD in the 1 and 2
generation Indian diasporas settled abroad. This period
saw well described clinical studies on UC. The period
2000 - 2010 saw further spread of the speciality of
gastroenterology all over India with availability of even
better infrastructure especially technology to visualise
the small gut (capsule and balloon endoscopes). This
spurred an increase in number of well documented
publications on CD (and intestinal tuberculosis which
made comparison easy between the two). With
increase in patient awareness, spending potential and
availability of health insurance, access to specialised
health care became a reality at least for a section of
common people who otherwise could not have afforded
it. This increased the number of patients available for
detailed study. After 2010 with availability of better
opportunities for research in basic science focus has
been on genetic aspects, deeper insight into the
disease mechanisms and development of new drugs.
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being diagnosed with increasing frequency. Two series
on the etiology of malabsorption in 275 and 94 cases
from north India, found the diagnosis in 2% cases
[14,15]
each
whereas in a study of 124 cases from south
[16]
India, 15.3% had CD . By small gut investigative
modalities like capsule and balloon enteroscopy for
symptoms of pain abdomen, malabsorption and
obscure GI bleed (OGIB), CD was diagnosed in
[17-19]
12%-20% cases from south
, 11%-20% cases
[20-22]
from east
. Thus in India the general belief is that
IBD is rising and a north-south divide is apparent
between UC and CD. This divide may be the result of
differences in genetics, hygiene and diet (see below).

Indian studies (to be discussed below) also show
similar features. A particular disease trait in a specific
race might indicate a genetic link. The other point of
nd
note is that IBD in 2 generation Indian diasporas
settled in the West (Europe and North America)
resemble their country of settlement, but in those
settled in other Asian countries, it retains features
of their country of origin. This might indicate some
common environmental factor in Asian countries (diet,
lifestyle) which has less effect on alteration of disease
expression after migration.

GENETICS
Involvement of genes in the pathogenesis of a disease
can be deciphered from the disease occurrence in
family members, siblings and twins. The Indian IBD
task force data showed positive family history of IBD
in 2.9% cases only (UC 2.3% and CD 4.6%). In one
study there was no association of HLA DR and DQ with
[34]
CD . Studies on causative role of individual genes
have only started recently in India especially with the
discovery of single nucleotide polymorphisms (SNP)
of 163 genes associated with IBD (at various points of
its immune mechanism) in Caucasian populations (of
whom NOD2 gene shows the most definite association
with disease phenotype). The association of different
genes with IBD in India studied till now are shown
[35-55]
in Figure 1
. Multiple studies have negated the
[52-54]
association of NOD2 gene with CD in India
but
SNP 268Pro/Ser increased relative risk of UC (OR =
[51]
1.72, 1.14-2.52) .
Few studies have demonstrated relation to UC
phenotype but majority show increased risk or nega
tive association only. Specific haplotypes of MDR1
(ABC B1) gene were well associated with early age
(< 29 years) of disease onset, left sided disease
[48]
and steroid response in UC . TNF alpha 863 AA
genotype increased risk of both UC and CD, more for
UC especially pancolitis. IL4 B2 carrier state was less
in left sided colitis than proctosigmoiditis and absent in
[42]
colonic CD .
Of the SNPs associated with IBD in Caucasians
detected by metanalysis of GWAS studies, only 5
of 59 index ones studied in North India were found
[44]
significant showing limited replication in Indians
and there was varying contribution to risk by the HLA
[38]
region with 3 novel HLA independent risk loci for UC .
HLA DRB1*0103 was absent while HLA DRB1*1502
was increased in Indian UC patients compared to
controls and Europeans. There was no significant
difference between the ethnic groups in NOD 2 and
[56]
IL23 gene . Thus the common causative genes in
Caucasian population are non-causal in India which
could be due to differences in microbiome (the first line
interact of NOD 2 gene) or secondary factors like diet,
pollution, use of antibiotics and proton pump inhibitors
which differentially affects the phenotypic outcome
either by themselves or by altering the microbiome.

RACE
The nature of IBD in Indians as a race is well high
lighted by early epidemiologic studies in the diasporas
and subsequently supported by Indian studies. In the
[23,24]
early 90s, studies on South Asians in Leicestershire
showed increased incidence of CD in South Asians
5
5
5
(2.4/10 in Hindus, 3.4/10 in Sikhs and 5.4/10 in
5
Muslims) and of UC in Sikhs (16.5/10 ) only but not
in Europeans and other South Asians. The subjects
had less number of complications and operations. In
this context, it is interesting to note that the study
from Punjab, a state with a Sikh majority in India,
[8]
show relatively high incidence and prevalence of UC .
Similarly, young Asian Indians born in Britain were
more likely to have IBD by 26 years age compared to
[25]
indigenous Europeans (OR = 6.1, CI: 2.14-17.33)
and South Asians (Indians, Bangladeshis, Pakistanis)
to have more pancolitis (63% vs 42.5%) and colonic
CD (46.8%) but with less penetrating disease and
[26]
need for surgery .
[27]
Other studies on Indians in Canada
and South
[28]
Africa
showed that the majority had pancolitis but
clinically mild disease and Canadian born patients were
younger than migrants.
In a very recent analysis of 30812 IBD patients
from United States diagnosed between 2008 - 2013
(20308 with UC, 7706 with CD, and 2798 with
indeterminate colitis), UC was more commonly asso
ciated with Indian and Jewish ethnicity and less with
East Asian and Hispanic ethnicity. Similar patterns
also applied to CD and to all types of IBD analyzed
[29]
jointly . Studies in multiracial Asian countries also
project similar findings. Indians in Fiji, Singapore
and Malaysia constitute the majority of cases on
UC compared to the local Chinese and other races,
have more extensive disease yet least number of
[30-33]
surgery
.
Thus there is a rapid rise in IBD among Indians
settled abroad with younger age of onset and higher
incidence of pancolitis (simulating the population of
their country of settlement) but yet has less clinical
severity, complications and surgery indicating a
benign course. This is peculiar to Asian Indians as a
race compared to Europeans and other Asians. Most
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HLADR-DQ, IL-1Ra Allele 3,4,5,
SNP 8,12,13 of
NOD2, IL 10, IL 4 B2 carrier
(colonic disease)

A 2A Adrenergic receptor gene, MIF 173 G>C,
NOD 2 [R702H, G908R, 1007fs, P268S, R459R,
R587R] and IL23R [R381Q], HLADRB1*0103,
HLA B, IL-1Ra Allele 5, IL 10

UC
CD

IRGM Tallele of
rs1000113 &, rs
9637876 and C
allele of rs13361189

NOD 2 [SNP 268 Pro/Ser (RR = 1.72) and
rs2066842, rs2066843]
IBD
NOD 1 [3 SNP in Exon 6 locus of NBD
domain (N219R, L349P, L370R) & 4 SNP in
IL-1Ra Allele 2
Intron 9 locus. GTTG haplotype]
[CD>UC]
ABC B1
GST M1 and T1
IL4 B2 carrier state
[Null genotype]
MBL2 [SNP at codon 54]
IRGM [rs11747270,
XRCC1 [Arg399Gly]
rs18082994]
XRCC3 [CT genotype]
TNFa
APF [Arg148Gly]
TLR 4 [AG and
CD14[159 C>T]
GG>AA genotype]
TLR 4 [T399I variant]
TNFSF15
HLADRB1*1502
hMSH2 A allele
RAD51 GC genotype → GTC & ATC hap,
3 novel HLA independant loci
HLA A19 & CW6

Figure 1 Association of different genes with inflammatory bowel disease, ulcerative colitis and Crohn’s disease. Genes shown outside the Venn diagram
were not associated. CD: Crohn’s disease; IBD: Inflammatory bowel disease; UC: Ulcerative colitis.

A traditional thinking in India has been that of a
genetic difference between the North and South Indians
which is supported by 2 studies, one undertaken by the
[57]
Indian Genome Variation Consortium
and another
from Singapore which compared the genes of two
distinct migrant groups from India - the Indo-European
language speaking Gujrati expatriates in United States
and the Dravidian language speaking Tamil expatriates
[58]
in Singapore . A genetic analysis of 132 individuals
of 25 diverse groups in India predicted the existence
of two ancestral groups in the pre-historic India: an
“ancestral North Indian (ANI)”, which shared genetic
affinity with the populations of the Middle East, Central
Asia and Europe (30% to 70%), and an “ancestral
South Indian (ASI)”, which has no relation with any
population outside India i.e., they were the indigenous
[59]
population of India . The epidemiologic features of UC
in North Indians (who are supposed to have originated
from the above regions as Indo - Aryans) resembling
the Caucasians may reflect this fact. The caste system
in India maintained this genetic distinctness due to
marriages within one’s own caste. But the presentday Indian populations are an admixture of both
[60]
ANI and ASI as shown in a most recent study .
This is an obvious outcome of rapid migration of
population from one region to another in India due
to socioeconomic and political upheavals brought
by rapid industrialisation with increase in intercaste
marriages. This might obfuscate any further chance to
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study the pristine genetics and their bearing on disease
phenotype in these populations in future.

MECHANISM
IBD results from a strong genetic predisposition on
which environmental factors act to produce dysregulated
gut mucosal immune response to luminal antigens
(the intestinal microbiota, normal or abnormal). The
genetic findings discussed above may predispose, yet
the increasing number of IBD cases reported within
limited period of time in India cannot be explained
totally by genomic changes but provide evidence for
the importance of exposure to environmental factors
in disease pathogenesis. Childhood infections, lack
of breast feeding, exposure to helminths, smoking,
repeated use of drugs like antibiotics and proton
pump inhibitors, dietary and psychosocial factors
have all been implicated in IBD pathogenesis and
may act by altering this balance between the gut and
microbiota either by themselves or by altering the
[61]
latter . Childhood infections by producing tolerance
of immunoregulatory T cells to external antigens early
in life (immune conditioning) protects against IBD
in adult life. This is exemplified by the (1) increasing
incidence and earlier onset of IBD in children of
Indian diasporas settled in cleaner and more hygienic
environment of Europe and North America compared
to their parents and counterparts settled in India as
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Table 1 Environmental factors involved in inflammatory bowel disease causation in India
Study type
(region)

Sample
size

Case control[65]
(south)1

200/200

Factors significant on univariate analysis
Ulcerative Colitis
Favours

Case control[66]
(north)1

Protects

Crohn’s disease
Favours

Protects

Urban residence
(birth/current)

Cattle in house
compound
(current)
Regular fish
consumption (>
1/wk)

Treated drinking
water (childhood/
current)
Piped water
supply in house
(childhood/
current)
Lactovegetarian
High socioeconomic
score
513/188

Higher
Using
education
private bed
Hand
(graduation
washing
and beyond)
Having
RCA/flush
personal towel type latrine
Owning a pet
Death in family

Case control[67]
(east)

50/50

Higher intake
of refined sugar
Low intake of
fruits

Factors significant on
Factors not significant
multivariate analysis, OR (CI)

Cattle in house compound
(current)
0.57 (0.35-0.92)
Regular fish consumption
(> 1/wk)
0.52 (0.33-0.80)
Treated drinking water
(childhood/current)
1.59 (1.02-2.47)

Age, closed toilet
in house, tooth
cleanser use, pets in
house (childhood/
current), Cattle in
house compound
(childhood),
appendicectomy,
smoking, regular meat
consumption

Using private bed
0.25 (0.16-0.39)
Owning a pet
2.02 (1.14-3.59)
RCA latrine
0.29 (0.14-0.60)
Flush type latrine
0.43 (0.23-0.82)
Death in family
2.19 (1.58-4.07)
Higher intake of refined
sugar 1.78 (1.03-6.9)
Low intake of fruits
0.28 (0.15-0.65)

Age, smoking, water
source (municipal vs
tubewell), illness in
family, number of sibs

Age, Sex,
socioeconomic status,
regular smoking and
alcohol intake, rice,
wheat, meat, fish, fried
food, tea/coffee, green
leafy vegetables2

1

More females had disease than controls; 2Higher intake of green leafy vegetables (P = 0.05) tended towards protective association.

well as children of the local Caucasian population; and
(2) increasing incidence of allergic and autoimmune
diseases with decreasing childhood infection in Western
[62]
epidemiologic studies . The increasing incidence of
CD (over UC) was first observed in Western countries
as the sanitation - hygiene started improving with
disappearance of helminthic (which promote Th2
response protective against CD) and other infections
which is now happening in developing countries.
Other pointers to this association are the increasing
CD incidence in urban vs rural setting, higher vs lower
socioeconomic strata and in whites vs natives. In
India the highest reporting of CD comes from Kerala,
a south Indian state with the highest literacy rate and
[63]
better hygiene .
In a study from south India, T cell activation
[increase in CD3(+) CD69(+) population] by hook
worm antigen and interferon-γ ELISPOT responses
to hookworm antigens were significantly higher in
[64]
controls compared to CD patients . Other studies
on environmental factors are summarised in Table
[65-67]
1
. In the survey by the IBD Task Force, more
number of CD cases had appendicectomy though
rates of smoking and oral contraceptives intake were
[9]
same as UC . While some of these findings are
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similar (less effect of smoking, presence of hot water
tap and flush toilet in childhood protective for UC) to
other south east (SE) Asian countries but many are
not (owning pet increase risk of UC, daily tea/coffee
consumption has no effect on both UC and CD) and
the effect of some have not been studied (breast
fed > 12 mo, antibiotic use, daily physical activity,
[68]
western diet) . Type of diet consumed varies widely
in different regions of India. In general rice based diets
are common in south and east (areas with more CD)
whereas wheat is consumed more in north India (area
with more UC). Studies are very few (listed in Table 1)
and the findings need confirmation by more number of
detailed community based cohort studies.

Microorganisms in pathogenesis

A number of studies have found altered number, type
and location of colonic bacterial flora in IBD. Butyrate
producing bacteria (Clostridium coccides and leptum)
were significantly decreased in UC and differentially
positive according to severity which increased with
[69,70]
disease remission
. A ten times increase in total
bacterial count with increase in unusual anaerobes and
facultative aerobes (Proteobacteria) and significant
decrease in bacterial diversity from phylum to species
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Table 2 Comparative clinical features of inflammatory bowel disease in different countries
Country

India

Factors
Median Age (yr)
Sex (M: F)
Smokers
Disease location
L1
L2
L3
L4
Disease behaviour
B1
B2
B3
Perianal
Disease extent
Proctitis
Distal colitis
Extensive colitis
Treatment
5ASA
Corticosteroids
Immunosuppressive
Biologics
Antibiotic
Probiotics
Surgery
Positive family history (%)
EIM
Joints
Backache
Skin
Incidence per 105 population

UC
38.5
1.4:1
21.3%

[9]

[81,82]

South East Asia
CD
35.9
1.3:1
24.2%

UC
42
1.4:1
6%

CD
34
1.6:1
11%

Australia

[81,82]

UC
42
1:1.2
8%

CD
34
1:1.1
10%

28.9%
31.4%
39.6%
5.8%

31%
24%
45%
5%

31%
24%
45%
5%

76.8%
18.8%
4.4%
6.9%

66%
17%
19%
18%

88%
10%
2%
12%

18.3%
38.8%
42.8%

37%
32%
31%

89.7%
29.1%
29.8%
0
0
6.1%
4.0%
2.3%

58.4%
26.9%
62.9%
2.2%
0
7.6%
15.2%
4.6%

33.3%
31.5%
2.4%
6.07%[8]

26.3%
36.4%
3.4%

32%
27%
41%

68%
21%
8%
1%
25%
1.6%

49%
42%
35%
5%
19%

86%
50%
0
0
0

11.6%

5.9%

31%
13%1
3.3[AS]1
4.8%1
0.76%

71%
67%
14%
0
21%

17%1

14.3%

3.6%1

0.54%

3.6%1
7.33%

14%

1

Present in overall inflammatory bowel disease population. EIM: Extraintestinal manifestations; AS: Ankylosing spondylitis; UC: Ulcerative colitis; CD:
Crohn’s disease.

was noted in colonic flora of severe UC compared
[71]
to mild and moderate disease . Other studies
found clear delineation in bacterial concentration in
mucosal layer between predominant and subdominant
genera between UC and CD indicating involvement
[72]
of different subsets of bacteria in pathogenesis
and more mucosal adherence of E. coli in the colon
[73]
of CD patients . Other organisms that have been
associated with exacerbations of UC (detected in stool
[74-76]
in 17%-30% cases of moderate to severe disease
)
[74,77]
are CMV in 2.3%-15.8% cases
. C. difficile (toxin
[74,78-80]
detected in 3.4%-32%
) and rarely Giardia,
Strongyloides, hookworm, herpes simplex, E.hystolytica,
[74,75]
cryptosporidium and salmonella
. The exact
significance of these in disease pathogenesis is unclear.
In CD pathogenesis the contribution of Mycobacterium
paratuberculosis remains contentious and that of
Mycobacterium tuberculosis is discussed below.

approximates that of the West in incidence, female
dominance and higher positive family history) for a
[9,81,82]
comparative view
The chief similarities with SE
Asia are UC more than CD, age profile (with unimodal
peak for UC), male dominance, low percentage of
positive family history, less effect of smoking on
disease, similar disease location (except for lower
proctitis and higher pancolitis in case of UC like
Australia), low use of biologics, high use of 5ASA for
CD and similar surgical rates (including low colectomy
rates for UC). The issue of biologics vs surgery in
refractory cases is a matter of debate and mostly
depends on cost of hospital stay and medicines,
availability of expertise and infrastructure, ability to
deal with stoma care and proper follow up.
The chief differences are the higher incidence of
extraintestinal manifestations (EIM), disease behaviour
in CD (higher inflammatory and lower penetrating
disease similar to Australia), much lower perianal
disease, higher use of 5ASA (similar to Australia
especially for UC) and azathioprine (AZP) (compared
to both SE Asia and Australia), lower current use of
corticosteroids (especially for CD), no use of antibiotics
for CD and a possibility of medicine discontinuation
(17.5% of UC and 6.9% of CD cases). The reason is

CLINICAL FEATURES
The chief clinical features of IBD in India (as per the
ISG Task Force data representative of the whole
country) is summarised in Table 2 along with those
of other countries of SE Asia and Australia (which
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that in Indian patients steroids are used intermittently
rd
(either at induction or for flares, so 2/3 have history
[9]
of past use ), is tapered quickly to be replaced
by AZP along with 5ASA as most cases are mild to
moderate in severity with easy control and only few
are steroid resistant or dependant. A latest study
on disease behaviour over long follow up upto 15
years showed that most patients had aggressive
inflammatory disease at presentation (as is the point
incidence in Task Force data) which decreased over
time with simultaneous increase in penetrating disease
whereas stricturing disease remained stable. This was
[83]
independant of age or disease location . Another
large series spanning 13 years showed that small
intestinal CD more often followed aggressive course
[84]
and needed surgical intervention . Regarding higher
incidence of EIM it must be mentioned that studies
are very heterogenous regarding the methods (and
hence the extent and minuteness) by which they
are searched for and often terms like arthralgia and
backache have been synonymously with EIM without
proper documentation of lesions.
It was believed in the 80s that UC is a mild disease
in India, the outcome variables being shorter length
of colonic involvement, low rate of complications,
surgery and mortality. Though in recent times there
is increasing presentation with extensive disease in
majority, the disease still runs a relatively benign
course as reflected by easy medical control, low
incidence of fulminant disease, cancer and requirement
for surgery even in the longrun. This general disease
pattern in Indians is reflected even in recent series
published from multiracial Asian countries (see above).
The other difference in CD cases with the West
is the higher percentage of OGIB at presentation
representing small intestinal bleed. This is likely due to
increasing presentation at younger age with aggressive
inflammatory type small intestinal disease. The
earliest Indian series on OGIB where small gut was
visualised only by barium studies and intraoperative
[22]
endoscopy, CD was confirmed in 20% . Subsequent
series using capsule endoscopy, single and double
balloon enteroscopy for symptoms of pain abdomen,
malabsorption and OGIB have respectively yielded
CD in 0-38%, 0-100%, 0-19%, cases, overall being
[17-21]
11.3%-29.2%
.

Truelove-Witts score) and also endoscopic severity
(by Mayo score) but not disease extent. A level of
800 mcg/gm stool best differentiated active from
[89]
inactive disease ; (4) positivity of ASCA in CD has
been reported overall in 30%-62%, IgA in 34%-38%
and IgG in 38%-50% all higher than in controls.
The corresponding figures for UC were 26%-40%,
28% and 24% respectively, but only IgG ASCA was
significantly lower than in CD. ASCA also does not
[86,87]
differentiate CD from ITB
. Thus ASCA does not
appear to have diagnostic value for CD strong enough
to differentiate with certainty from UC and ITB as
in the West. However more studies are needed to
elucidate the exact role of these biomarkers in disease
definition.

COLORECTAL CANCER IN UC
[1,90-93]

Only 5 series
present data on UC related
colorectal cancer (CRC) from India listed in Table 3.
In all the disease duration was long and there was
predominance of pancolitis yet low rates of CRC.
How can these facts be reconciled? The answer may
lie in the fact that most of the pancolitis cases are
not clinically or histologically severe and can be well
controlled with medicines. The control of inflammation
stops the impetus for carcinogenetic changes. The
other factor may be the background low sporadic
CRC rates in Asia and India possibly related to yet
unidentified protective genes. (These UC related CRC
rates though much lower than in the West are still
higher than the prevailing low sporadic CRC rates in
India). To address these issues properly, medically
compliant high risk UC cases needs to be followed up
for development of polyps, low grade dysplasia (LGD),
high grade dysplasia (HGD), dysplasia associated
lesion or mass and CRC in the sequence followed by
sporadic CRC. Unfortunately the duration of disease
after which screening should start and the intervals at
which colonoscopy is to be done are unsettled and has
to be tailored according to local conditions (15%-20%
of CRC cases develop at less than10 years of disease
duration). Recent studies have tried to address
these issues. In the retrospective study, 5 (0.94%)
developed CRC and 1 (0.19%) HGD over 25 years.
Surveillance was done for 6 years. Of the 5 CRC,
one each had LGD and HGD detected 5 and 3 years
earlier respectively and another had LGD in rectum 1
year earlier which persisted while CRC developed in
descending colon. First CRC developed after 10 years
of disease. Six patients had LGD at different areas
(single or multifocal) which either disappeared or did
[90]
not progress in next1 to 2.5 years follow up . It thus
appears that development of CRC is unpredictable and
may occur at site different from dysplastic areas even
[94]
in synchronous manner . This suggests molecular
and pathological heterogeneity during multiclonal
origin of UC related CRC, where UC randomly damages
multiple carcinogenetic genes in epithelial cells. This

BIOMARKERS IN IBD
(1) ANCA positivity has been reported in 3%-32%
[35,85]
[86,87]
of UC
and 3.8%-10% of CD
; (2) fecal
lactoferrin is also a good marker of UC activity
(sensitivity 94%, specificity 100%) being higher in
cases and more severe disease and decreased in
parallel with improvement of Mayo severity score with
[88]
treatment . It has also been suggested to reflect
[80]
disease exacerbation caused by C. difficile ; (3)
fecal calprotectin level was found to be higher in UC
than ileocolonic CD and correlate well with clinical (by
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1/29 (3.4%)

Prospective
surveillance study[92]

10 (7.5-14.5)

9.35 (1-30),
prospective
4.5 (1-12),
retrospective
15 (8-30)
Median 6 (1-39)

25

12.1 (7-25)

Time duration of
FU in years

0

0

0

0

4

Presented
with CRC

0 at 10, 1% at 20, 7% at >
20

0 at 10, 2.3% (4.4% for
pancolitis) at 20, 5.8%
(10.2% for pancolitis) at >
20

Risk of CRC at time in
years

1 (after 1 yr)

After median 18 yr Incidence density per 103
from onset (6-27), PYD was 2.3 at 10, 3.3 at
3 at 6, 6, 7 yr FU
20 , 7 at > 20

5 (1 after 10 yr, 4
after 20 yr)

4 (2/4 after 7, 8 yr
of FU)
5 (in FU of 6 yr)

CRC developed at
FU
NM

LGD

Pancolitis in 55%

Pancolitis, longer
disease duration

5 at baseline, 3 new
cases on surveillance

NM

2 progressed to CRC
(1 after 5 yr, 1 at a
different site after 1 yr).
6 did not progress in 12 1/2 yr
Disease duration >
No surveillance
10 yr

Pancolitis 6/8
(66.7%)
Pancolitis, disease
duration > 10 yr

Risk Factors

8130

3 (1 CRC after 1 yr)

NM

No surveillance

2 (1 CRC after 3 yr,
another operated
immediately)

NM

HGD

1 on surveillance after
11 yr/11 at symptoms,
(unifocal in 10 and
multifocal in 2)
1 over 42 mo surveillance

5 at symptoms

2 CRC on routine
surveillance

Symptoms

Detected on surveillance/
symptoms

Indian CD patients are diagnosed after a average gap of 1 and 1/2 years from symptom onset mainly because of diagnostic confusion with ITB. The clinical,

DIFFERENTIATION OF CD FROM ITB

also put question mark on the usefulness of strict screening protocol with respect to time interval and number of segmental biopsies. In another prospective study,
only 29/41 (70.7%) eligible UC cases (55% pancolitis > 7 years and rest limited segment colitis > 10 years duration) could be enrolled for colonoscopic surveillance
over 42 mo (done by magnification chromoendoscopy). Initial screening showed LGD in 5 (17.2%) and HGD in 3 (10.3%). Only 12 follow up colonoscopies could be
[92]
done in 9 cases at intervals of 6-24 mo which detected 3 new LGD cases and adenocarcinoma in one HGD case . This study showed surveillance to be useful but
acceptance and proper follow up to be suboptimal in India. Albeit these uncertainties of disease progression, cost effectiveness and acceptability of screening protocol, it
seems reasonable for surveillance to start after 8-10 years in cases of pancolitis (10-12 years for limited colitis) and subsequent intervals determined by the findings at
baseline of LGD (3-5 years), HGD (1-2 years) and also by frequency of relapses, quality of medical control and the expected disease duration at initial diagnosis.
In a study of culprit CRC genes, 21.4% high risk UC cases developed neoplasia, none of whom had microsatellite instability (MSI) which was found in 16.7%
sporadic CRC cases. p53 mutation increased from 3.3% in low risk UC cases to 27.3% in high risk UC cases without CRC, to 50% in high risk UC cases with CRC and
33.3% in sporadic CRC. KRAS mutation was present only in presence of neoplasia but BRAF mutation was absent in all cases. Therefore the mutations are similar to the
[95]
West except MSI . The same group also reports increasing number of copy number variations spanning multiple chromosomes to be associated with the progression
[96]
of UC to CRC from low risk through high risk cases, dysplasia cases to CRC some of which are common and unique to both UC associated and sporadic CRC. These
are present in 10 overlapping regions of a number of chromosomes (highest in 12p and 8q chromosome) and have overall accuracy of 29% and 54% for detecting
[97]
these cancers respectively .

CRC: Colorectal cancer; FU: Follow up; LGD: Low grade dysplasia; HGD: High grade dysplasia; PYD: Person years of disease duration; NM: Not mentioned.

12/430 (2.8%)

Prospective[93]

5/50 (10%),
[0/21 (prospective),
5/19 (retrospective)]

5/532 (0.94%)

Retrospective[90]

Partly Retrospective,
partly prospective[1]

8/436 (1.8%)

Incidence of CRC

Retrospective[91]

Study type

Table 3 Comparative data on ulcerative colitis related colorectal cancer in different Indian series
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serologic, radiologic, endoscopic, microbiogical and
histologic features which distinguishes ITB from
[98]
CD are discussed at length in recent review
and
[99-101]
series
and the reader is referred to these articles
for detailed discussion. However in spite of such
in depth theoretical differentiation, 36.7% receive
antituberculosis drugs at some point in their disease
[9]
course . This underscores the practical difficulty of
differentiating the two in community setting where
experts and advanced diagnostic facilities are not
widely available. A recent attempt at ultrastructural and
molecular differentiation can be seen e.g., (1) claudin
2 expressed in the upper part of intercellular junction
with maintained tight junction in ITB compared to
CD where it is increased along the whole length of
[102]
intercellular junction ; (2) mesenchymal cell marker
CD73 being expressed only in ITB granuloma but
[103]
not CD granuloma
; and (3) increased expression
of growth related oncogene alpha mRNA in biopsy
specimen and of IL17 in peripheral blood mononuclear
cells of ITB cases compared to CD whereas increased
IL 1, IL 6 and IL 8 in peripheral blood mononuclear
cells and increased gamma interferon, TLR 5 and 9
and decreased RANTES in biopsy specimen of CD
[104]
cases compared to ITB .
The important questions are whether the two
diseases can coexist throughout their course, or
whether Mycobacterium tuberculosis initiate CD
by producing altered gut mucosal immunity like
other gut microbiota and more recently whether
it can cause disease exacerbation in patients on
immunosuppressives. It is now clear that a large
portion of IBD risk loci are shared with other immunemediated diseases, primary immunodeficiencies and
mycobacterial disease, pointing towards common
pathogenic mechanisms between different diseases.
CD is associated with genes which code for proteins
involved in autophagy and innate immunity highlighting
the importance of defective processing of intracellular
bacteria in its pathogenesis. It is intriguing to note
that seven susceptibility loci for infection with Myco
bacterium leprae, including NOD2, IL23R, RIPK2 and
TNFSF15, have also been associated with CD though
their final effects are in different directions. It remains
to be investigated whether this genetic overlap signifies
a true causative role for mycobacteria in CD, or
rather represent the result of convergent evolutionary
[61]
adaptations to different pathogens . A very recent
report of intestinal tuberculosis diagnosed in a long
standing case of CD on immunosuppressive and it to be
causally associated with Takayasu disease is interesting
[105]
enough to raise question .

endorses the previous two small series only on CD
[107,108]
from south India
. Very interestingly the north
south divide between UC and CD, clinical features,
EIM and treatment results are all similar to their adult
counterparts. Whereas the UC:CD ratio is 2:1 among
north Indian patients, it is just the reverse among
cases from south India. Pancolitis was the commonest
mode of presentation in UC (70.9%) though clinically
it was moderate in 84%. Eighty-eight percent required
steroids of whom 43% needed AZP subsequently for
maintainance in addition to 5ASA. Biologicals were
used in 6 (0.8%) but 4 needed surgery. For CD,
ileocolonic involvement was commonest (72.9% of
whom 76.2% required AZP for maintenance) while
upper GI and perianal modifiers were present in 18%
each. Eighty-four percent needed steroids of whom
76.2% were maintained on 5-ASA + AZP and 12.2%
were given infliximab. Twenty point four percent
developed fistulae, stricture, and perforation of whom
8.2% needed surgery. The differences were (1) CD
commoner than UC; (2) growth failure (76.2%, 40%)
and anemia (64.7%, 43%) are common in CD, UC; (3)
no gender difference in both UC and CD; (4) CD was
more severe, 76.2% had moderately severe disease
and 19.6 % had fulminant disease; and (5) more than
80% of both UC and CD needed steroids. Similar facts
have been noticed recently in pediatric South Asian
[109,110]
population in America also
.

CONCLUSION
IBD occurs much more commonly in India than
previously thought with incidence and prevalence
topping Asian countries and approaching the lower
limit of that of North Europe and America which might
have involvement of both genetic (inheritance from
Caucasian origin) and environmental (causal for the
recent quick rise in incidence) factors. The common
genes implicated in pathogenesis in the West are not
causal in Indian patients and the causal environmental
factors needs larger community based cohort studies
to be pinpointed. There appears to be a North-South
divide with UC being higher in north than south India
while the situation is reverse for CD though population
based studies are lacking from south India. IBD in
nd
2 generation Indian diasporas settled in the West
resemble their country of settlement but in those
settled in other SE Asian countries retains features
of their country of origin. The clinical presentation is
much like other SE Asian countries (similar age and
sex profile, low positive family history and effect of
smoking, roughly similar disease location, high use of
5ASA for CD, low use of biologics and similar surgical
rates) with some differences (higher incidence of
inflammatory CD with much lower perianal disease,
higher use of 5ASA and AZP and lower current
use of corticosteroids). UC presents more with
extensive disease not paralleled in severity clinically
or histologically, follows benign course with easy
medical control and low incidence of fulminant disease,

PEDIATRIC IBD
There are very few published series on the topic.
Only very recently a multicentre questionnaire survey
involving large number of pediatric cases both from
[106]
north and south India have been published
which
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cancer, complications, and surgery. This specific
disease behaviour in Indians as a race might also be
genetically determined with environmental modifiers.
UC related CRC develop in an unpredictable manner
with respect to disease duration, site and dysplastic
areas questioning the validity of strict screening
protocol. The diagnostic confusion of CD with ITB is
still prevalent and in spite of multiple investigations
for differentiation, about a third of CD patients still
get antituberculosis drugs. A significant number of
CD cases presents with small intestinal bleed where
the disease predominantly affects with aggressive
inflammation. A significant number require surgery in
the longrun. Biomarkers have inadequate diagnostic
sensitivity and specificity for both. Pediatric IBD tends
to be more severe than adult.

early to IBD centres. Newer biomarkers and diagnostic
modalities needs to be made generally available
for proper diagnosis in all aspects of the disease.
Treatment options (both existing and newer) needs
to be tested rigorously in randomised controlled trials
(RCT) especially costly drugs like biologics, ciclosporin
and others to define appropriate use of each (especially
in view of the milder disease in India) to avoid
unnecessary spending by patients. In a low prevalence
country like India, the usefulness and feasibility of
screening for CRC surveillance has to be carefully
addressed. The disease duration after which the
surveillance should start, the frequency of follow up,
type of endoscopy to be used (magnification, chromo,
confocal endomicroscopy) and the number and colonic
areas of biopsy has to be fixed. Considering the low
patient number, options will be difficult to test in RCTs.
Lastly some of the problems facing IBD manage
ment all over the world, not the least in India, has
to be addressed also. These are (1) an obscure
pathogenesis which prohibit formulation of uniform
diagnostic and therapeutic strategies; (2) uncertain
disease course including behaviour, activity, treatment
response, development of cancer and prognosis; and
(3) differential diagnosis of unclassified IBD colitis.
IBD results from an interplay of host genetic factors
and environmental factors with the multiple microbial
ecosystems present in different areas of the human
bowel (both luminal and mucosal). Mucosal surface of
the intestinal tract (which is continuously exposed to
a large number of microorganisms) produce a diverse
array of antimicrobial proteins, some constitutively and
some in response to invasion of pathogens or enteric
microbiota into the mucosal barrier. An interplay of
diverse pathogenetic pathways (both stimulatory
and regulatory) first produce an array of mucosal
inflammatory mediators (inflammasome) for control
of offending bacteria which are downregulated after
elimination of the offence so that host tissues are not
damaged. IBD occurs when these regulatory pathways
go awry predisposed by genetic abnormalities. Basic
research regarding intestinal inflammation may reveal
new insights into the role of the inflammasome, and
the macromolecular complex of metabolites formed
by intestinal bacteria (metagenomics) which will
lead to the development of biomarkers that target
specific pathogenic mechanisms of IBD. The advanced
knowledge of antimicrobial protein expression in IBD
can lead to its potential use as biomarkers for disease
activity and also help in analysing the pathophysiology
of IBD from their mechanism of protection against
pathogens.
Biomarker also have great potential role in all
phases of care of IBD patients. For those with sus
pected IBD, biomarkers can select patients unlikely to
have IBD for whom further testing may be avoided.
In diagnosed cases, biomarkers can be used to (1)
determine the type of IBD and to predict disease
course; (2) identify patients most likely to respond to

FUTURE
Presently there is scarcity of well-designed population
based studies from India to authenticate the ap
parent temporal rise and the regional differences
in incidence and prevalence of IBD. These have to
be undertaken from different parts of the country,
especially from south where CD seems to be highly
prevalent compared to north. Ideal epidemiologic
study should ensure universal accessibility to health
care, a population based sample, standardised case
definition, relevant database/registries with appropriate
[6]
validation and prospective data collection . Most
published studies are hospital based which are likely to
underestimate incidence as more severe disease is only
seen. But there might be true increase in incidence
due to rapid industrialisation, urbanisation and change
in diet and lifestyle. With rapid mixing of population all
over India forced by political and socioeconomic factors,
the genetic distinctness and hence disease phenotype
is also likely to change and may further obfuscate the
unclear present scenario.
Fortunately IBD has not yet attained the dimension
of a pressing public health problem and hence it is
difficult to visualise active participation of government
in addressing its problems in near future. Yet as
people live long with the disease, the morbidity
burden is going to rise and patients will mandate
special support in the longrun from all specialities
involved in the management of this complex disease
(gastroenterologist, surgeon, radiologist, nutritionist,
stoma care specialist, pathologist) which will skyrocket
cost of treatment. The government, national and state
societies (ISG, SGEI) and other related foundations
(CCFI) can cooperate to establish proper registries,
conduct well designed epidemiologic studies, set up
patient care centres (IBD centres) in different states
where patients needing lifelong special care can
get support at affordable cost. Case definition and
treatment protocol needs to be standardised, widely
circulated and adherence ensured. It will also be the
responsibility of physicians to refer appropriate cases
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therapies and those that may require more aggressive
therapies, thus determining the prognosis; and (3)
differentiate patients with active inflammation from
those likely to have symptoms from other causes in
patients with recurrent symptoms.
As treatment strategies (medical and surgical) and
prognostic outcomes become more and more diseasespecific, refinement in disease classification becomes
mandatory. The present approach based on clinical
features, existing biomarkers, radiology, endoscopy
and histopathology falls well short of the desired target.
On the contrary, emerging diagnostic techniques in
the field of gastrointestinal endoscopy, molecular
pathology, genetics, epigenetics, metabolomics
and proteomics is showing promising results. Novel
advanced endoscopic imaging techniques (like
magnification endoscopy, chromoendoscopy, narrow
band imaging, confocal microendoscopy, etc.,) and
biomarkers can shed new light for the differential
diagnosis of IBD, better reflecting diverse disease
behaviours based on specific pathogenic pathways.
Hence progress in basic research is most important
in India and should focus on identifying the genetic links
and pathogenetic mechanisms of Indian IBD patients.
Already studies have shown that the common genetic
mutations associated with CD in the west are absent in
Indian patients, novel mutations are being discovered
and it is likely that pathogenetic mechanisms and
hence treatment approach will not be the same as
in the west. This will have to be aided by progress
in the fields of “OMICS” (genomics, metagenomics,
cellomics, proteomics, metabolomics), endoscopy
and molecular pathology. Also detailed community
based cohort studies are needed to define the causal
environmental factors and these should include the
effects of (1) highly prevalent diabetes mellitus; (2)
increasing obesity; and (3) repeated use of antibiotics
and prolonged use proton pump inhibitors, all of which
are known to alter the gut microbiota and can be
involved in disease pathogenesis.

6

7

8
9

10

11
12
13

14

15

16
17

18

REFERENCES
1
2
3

4

5

Ray G. Inflammatory bowel disease in India--changing paradigms.
Int J Colorectal Dis 2011; 26: 635-644 [PMID: 21063715 DOI:
10.1007/s00384-010-1084-5]
Antia FP. Crohn’s conundrum in Indians. Indian J Gastroenterol
1986; 5: 79-80 [PMID: 3699860]
Andres PG, Friedman LS. Epidemiology and the natural course
of inflammatory bowel disease. Gastroenterol Clin North Am
1999; 28: 255-281, vii [PMID: 10372268 DOI: 10.1016/S08898553(05)70056-X]
Lucendo AJ, Hervías D, Roncero Ó, Lorente R, Bouhmidi A,
Angueira T, Verdejo C, Salueña I, González-Castillo S, Arias Á.
Epidemiology and temporal trends (2000-2012) of inflammatory
bowel disease in adult patients in a central region of Spain. Eur
J Gastroenterol Hepatol 2014; 26: 1399-1407 [PMID: 25341061
DOI: 10.1097/MEG.0000000000000226]
Lovasz BD, Golovics PA, Vegh Z, Lakatos PL. New trends in
inflammatory bowel disease epidemiology and disease course
in Eastern Europe. Dig Liver Dis 2013; 45: 269-276 [PMID:
23010518 DOI: 10.1016/j.dld.2012.08.020]

WJG|www.wjgnet.com

19
20
21

22

23

8133

Ahuja V, Tandon RK. Inflammatory bowel disease in the AsiaPacific area: a comparison with developed countries and regional
differences. J Dig Dis 2010; 11: 134-147 [PMID: 20579217 DOI:
10.1111/j.1751-2980.2010.00429.x]
Khosla SN, Girdhar NK, Lal S, Mishra DS. Epidemiology of
ulcerative colitis in hospital and select general population of
northern India. J Assoc Physicians India 1986; 34: 405-407 [PMID:
3771475]
Sood A, Midha V, Sood N, Bhatia AS, Avasthi G. Incidence and
prevalence of ulcerative colitis in Punjab, North India. Gut 2003;
52: 1587-1590 [PMID: 14570727 DOI: 10.1136/gut.52.11.1587]
Makharia GK, Ramakrishna BS, Abraham P, Choudhuri G, Misra
SP, Ahuja V, Bhatia SJ, Bhasin DK, Dadhich S, Dhali GK, Desai
DC, Ghoshal UC, Goswami BD, Issar SK, Jain AK, Jayanthi
V, Loganathan G, Pai CG, Puri AS, Rana SS, Ray G, Singh SP,
Sood A. Survey of inflammatory bowel diseases in India. Indian J
Gastroenterol 2012; 31: 299-306 [PMID: 23073755 DOI: 10.1007/
s12664-012-0258-1]
Probert CS, Mayberry JF, Mann R. Inflammatory bowel disease
in the rural Indian subcontinent: a survey of patients attending
mission hospitals. Digestion 1990; 47: 42-46 [PMID: 2292348
DOI: 10.1159/000200475]
Goenka MK, Kochhar R, Mehta SK. Spectrum of lower
gastrointestinal hemorrhage: an endoscopic study of 166 patients.
Indian J Gastroenterol 1993; 12: 129-131 [PMID: 8270291]
Anand AC, Patnaik PK, Bhalla VP, Chaudhary R, Saha A, Rana
VS. Massive lower intestinal bleeding--a decade of experience.
Trop Gastroenterol 2001; 22: 131-134 [PMID: 11681104]
Garg PK, Singh J, Dhali GK, Mathur M, Sharma MP. Microscopic
colitis is a cause of large bowel diarrhea in Northern India. J Clin
Gastroenterol 1996; 22: 11-15 [PMID: 8776087 DOI: 10.1097/000
04836-199601000-00004]
Ghoshal UC, Mehrotra M, Kumar S, Ghoshal U, Krishnani N,
Misra A, Aggarwal R, Choudhuri G. Spectrum of malabsorption
syndrome among adults & amp; factors differentiating celiac
disease & amp; tropical malabsorption. Indian J Med Res 2012;
136: 451-459 [PMID: 23041739]
Yadav P, Das P, Mirdha BR, Gupta SD, Bhatnagar S, Pandey RM,
Makharia GK. Current spectrum of malabsorption syndrome in
adults in India. Indian J Gastroenterol 2011; 30: 22-28 [PMID:
21369836 DOI: 10.1007/s12664-011-0081-0]
Dutta AK, Balekuduru A, Chacko A. Spectrum of malabsorption
in India--tropical sprue is still the leader. J Assoc Physicians India
2011; 59: 420-422 [PMID: 22315745]
Ramchandani M, Reddy DN, Gupta R, Lakhtakia S, Tandan M,
Rao GV, Darisetty S. Diagnostic yield and therapeutic impact of
single-balloon enteroscopy: series of 106 cases. J Gastroenterol
Hepatol 2009; 24: 1631-1638 [PMID: 19686408 DOI: 10.1111/
j.1440-1746.2009.05936.x]
Dutta AK, Sajith KG, Joseph AJ, Simon EG, Chacko A. Learning
curve, diagnostic yield and safety of single balloon enteroscopy.
Trop Gastroenterol 2012; 33: 179-184 [PMID: 23600047 DOI:
10.7869/tg.2012.45]
Sriram PV, Rao GV, Reddy DN. Wireless capsule endoscopy:
experience in a tropical country. J Gastroenterol Hepatol 2004; 19:
63-67 [PMID: 14675244 DOI: 10.1111/j.1440-1746.2004.03220.x]
Goenka MK, Majumder S, Goenka U. Capsule endoscopy: Present
status and future expectation. World J Gastroenterol 2014; 20:
10024-10037 [PMID: 25110430 DOI: 10.3748/wjg.v20.i29.10024]
Das K, Sarkar R, Dasgupta J, Ray S, Ghatak S, Das K, Mridha
AR, Dhali GK, Chowdhury A. Obscure GI bleeding in the tropics:
impact of introduction of double-balloon and capsule endoscopies
on outcome. Gastrointest Endosc 2010; 72: 292-300 [PMID:
20541203 DOI: 10.1016/j.gie.2010.02.024]
Ray G, Banerjee PK, Ghoshal UC, Dhar K, Pal BB, Biswas
AD, Das U, Saha ML, Acharya AN, Majumdar S. Etiology and
management of obscure gastrointestinal bleed--an appraisal from
eastern India. Indian J Gastroenterol 2001; 20: 90-93 [PMID:
11400816]
Probert CS, Jayanthi V, Pinder D, Wicks AC, Mayberry JF.

September 28, 2016|Volume 22|Issue 36|

Ray G. IBD in India

24

25

26

27

28
29

30
31

32

33

34

35

36

37

38

39

Epidemiological study of ulcerative proctocolitis in Indian migrants
and the indigenous population of Leicestershire. Gut 1992; 33:
687-693 [PMID: 1307684 DOI: 10.1136/gut.33.5.687]
Jayanthi V, Probert CS, Pinder D, Wicks AC, Mayberry JF.
Epidemiology of Crohn’s disease in Indian migrants and the
indigenous population in Leicestershire. Q J Med 1992; 82:
125-138 [PMID: 1620813]
Montgomery SM, Morris DL, Pounder RE, Wakefield AJ. Asian
ethnic origin and the risk of inflammatory bowel disease. Eur J
Gastroenterol Hepatol 1999; 11: 543-546 [PMID: 10755259 DOI:
10.1097/00042737-199905000-00013]
Walker DG, Williams HR, Kane SP, Mawdsley JE, Arnold J,
McNeil I, Thomas HJ, Teare JP, Hart AL, Pitcher MC, Walters
JR, Marshall SE, Orchard TR. Differences in inflammatory bowel
disease phenotype between South Asians and Northern Europeans
living in North West London, UK. Am J Gastroenterol 2011; 106:
1281-1289 [PMID: 21577243 DOI: 10.1038/ajg.2011.85]
Freeman HJ. Inflammatory bowel diseases in Indo-Canadians
with and without antineutrophil cytoplasmic autoantibodies.
Can J Gastroenterol 2000; 14: 21-26 [PMID: 10655023 DOI:
10.1155/2000/349082]
Rajput HI, Seebaran AR, Desai Y. Ulcerative colitis in the Indian
population of Durban. S Afr Med J 1992; 81: 245-248 [PMID:
1542813]
Malhotra R, Turner K, Sonnenberg A, Genta RM. High prevalence
of inflammatory bowel disease in United States residents of Indian
ancestry. Clin Gastroenterol Hepatol 2015; 13: 683-689 [PMID:
25083563 DOI: 10.1016/j.cgh.2014.06.035]
Probert CS, Jayanthi V, Mayberry JF. Inflammatory bowel disease
in Indian migrants in Fiji. Digestion 1991; 50: 82-84 [PMID:
1804736 DOI: 10.1159/000200743]
Ling KL, Ooi CJ, Luman W, Cheong WK, Choen FS, Ng HS.
Clinical characteristics of ulcerative colitis in Singapore, a
multiracial city-state. J Clin Gastroenterol 2002; 35: 144-148
[PMID: 12172359 DOI: 10.1097/00004836-200208000-00005]
Lee YM, Fock K, See SJ, Ng TM, Khor C, Teo EK. Racial
differences in the prevalence of ulcerative colitis and Crohn’s
disease in Singapore. J Gastroenterol Hepatol 2000; 15: 622-625
[PMID: 10921415 DOI: 10.1046/j.1440-1746.2000.015012h22.x]
Hilmi I, Singh R, Ganesananthan S, Yatim I, Radzi M, Chua AB,
Tan HJ, Huang S, Chin KS, Menon J, Goh KL. Demography
and clinical course of ulcerative colitis in a multiracial Asian
population: a nationwide study from Malaysia. J Dig Dis 2009; 10:
15-20 [PMID: 19236542 DOI: 10.1111/j.1751-2980.2008.00357.x]
Thakur S, Ranjan P, Ghoshal UC, Muller-Myhsok B, Khan F,
Talwar S, Agarwal S. Association of human leucocyte DR and DQ
antigens in Crohn’s disease in Asian Indians: a family study. Trop
Gastroenterol 2003; 24: 185-188 [PMID: 15164528]
Habeeb MA, Rajalingam R, Dhar A, Kumar A, Sharma MP,
Mehra NK. HLA association and occurrence of autoantibodies in
Asian-Indian patients with ulcerative colitis. Am J Gastroenterol
1997; 92: 772-776 [PMID: 9149183]
Bardia A, Tiwari SK, Vishwakarma SK, Habeeb MA, Nallari P,
Sultana SA, Pasha SA, Reddy YP, Khan AA. Haplotype analyses
of DNA repair gene polymorphisms and their role in ulcerative
colitis. PLoS One 2014; 9: e108562 [PMID: 25247297 DOI:
10.1371/journal.pone.0108562]
Baskaran K, Pugazhendhi S, Ramakrishna BS. Association of
IRGM gene mutations with inflammatory bowel disease in the
Indian population. PLoS One 2014; 9: e106863 [PMID: 25191865
DOI: 10.1371/journal.pone.0106863]
Juyal G, Negi S, Sood A, Gupta A, Prasad P, Senapati S, Zaneveld
J, Singh S, Midha V, van Sommeren S, Weersma RK, Ott J, Jain
S, Juyal RC, Thelma BK. Genome-wide association scan in
north Indians reveals three novel HLA-independent risk loci for
ulcerative colitis. Gut 2015; 64: 571-579 [PMID: 24837172 DOI:
10.1136/gutjnl-2013-306625]
Meena NK, Verma R, Verma N, Ahuja V, Paul J. TLR4 D299G
polymorphism modulates cytokine expression in ulcerative colitis.
J Clin Gastroenterol 2013; 47: 773-780 [PMID: 23470644 DOI:
10.1097/MCG.0b013e31828a6e93]

WJG|www.wjgnet.com

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

8134

Verma R, Ahuja V, Paul J. Detection of single-nucleotide
polymorphisms in the intron 9 region of the nucleotide oligomeri
zation domain-1 gene in ulcerative colitis patients of North India.
J Gastroenterol Hepatol 2012; 27: 96-103 [PMID: 21722177 DOI:
10.1111/j.1440-1746.2011.06832.x]
Sivaram G, Tiwari SK, Bardia A, Anjum F, Vishnupriya S, Habeeb
A, Khan AA. Macrophage migration inhibitory factor, Toll-like
receptor 4, and CD14 polymorphisms with altered expression
levels in patients with ulcerative colitis. Hum Immunol 2012; 73:
201-205 [PMID: 22192785 DOI: 10.1016/j.humimm.2011.12.006]
Ahirwar DK, Kesarwani P, Singh R, Ghoshal UC, Mittal RD.
Role of tumor necrosis factor-alpha (C-863A) polymorphism in
pathogenesis of inflammatory bowel disease in Northern India. J
Gastrointest Cancer 2012; 43: 196-204 [PMID: 21249467 DOI:
10.1007/s12029-010-9238-9]
Bardia A, Tiwari SK, Gunisetty S, Anjum F, Nallari P, Habeeb
MA, Khan AA. Functional polymorphisms in XRCC-1 and APE-1
contribute to increased apoptosis and risk of ulcerative colitis.
Inflamm Res 2012; 61: 359-365 [PMID: 22193858 DOI: 10.1007/
s00011-011-0418-2]
Juyal G, Prasad P, Senapati S, Midha V, Sood A, Amre D, Juyal
RC, BK T. An investigation of genome-wide studies reported
susceptibility loci for ulcerative colitis shows limited replication in
north Indians. PLoS One 2011; 6: e16565 [PMID: 21304977 DOI:
10.1371/journal.pone.0016565]
Sivaram G, Tiwari SK, Bardia A, Manoj G, Santhosh B, Saikant
R, Aejaz H, Vishnupriya S, Khan AA, Habibullah C. Association
of genetic variants of mannan-binding (MBL) lectin-2 gene, MBL
levels and function in ulcerative colitis and Crohn’s disease. Innate
Immun 2011; 17: 526-531 [PMID: 21088049 DOI: 10.1177/17534
25910384531]
Sikander A, Rana SV, Sharma SK, Sinha SK, Arora SK, Prasad
KK, Singh K. Association of alpha 2A adrenergic receptor gene
(ADRAlpha2A) polymorphism with irritable bowel syndrome,
microscopic and ulcerative colitis. Clin Chim Acta 2010; 411:
59-63 [PMID: 19833115 DOI: 10.1016/j.cca.2009.10.003]
Verma R, Ahuja V, Paul J. Frequency of single nucleotide
polymorphisms in NOD1 gene of ulcerative colitis patients: a casecontrol study in the Indian population. BMC Med Genet 2009; 10:
82 [PMID: 19723304 DOI: 10.1186/1471-2350-10-82]
Juyal G, Midha V, Amre D, Sood A, Seidman E, Thelma BK.
Associations between common variants in the MDR1 (ABCB1)
gene and ulcerative colitis among North Indians. Pharmacogenet
Genomics 2009; 19: 77-85 [PMID: 19005421 DOI: 10.1097/
FPC.0b013e32831a9abe]
Mittal RD, Manchanda PK, Bid HK, Ghoshal UC. Analysis of
polymorphisms of tumor necrosis factor-alpha and polymorphic
xenobiotic metabolizing enzymes in inflammatory bowel disease:
study from northern India. J Gastroenterol Hepatol 2007; 22:
920-924 [PMID: 17565649 DOI: 10.1111/j.1440-1746.2006.04538.x]
Mittal RD, Bid HK, Ghoshal UC. IL-1 receptor antagonist (IL-1Ra)
gene polymorphism in patients with inflammatory bowel disease in
India. Scand J Gastroenterol 2005; 40: 827-831 [PMID: 16109659
DOI: 10.1080/00365520510015629]
Juyal G, Amre D, Midha V, Sood A, Seidman E, Thelma BK.
Evidence of allelic heterogeneity for associations between the
NOD2/CARD15 gene and ulcerative colitis among North Indians.
Aliment Pharmacol Ther 2007; 26: 1325-1332 [PMID: 17892524
DOI: 10.1111/j.1365-2036.2007.03524.x]
Pugazhendhi S, Santhanam S, Venkataraman J, Creveaux I,
Ramakrishna BS. NOD2 gene mutations associate weakly with
ulcerative colitis but not with Crohn’s disease in Indian patients
with inflammatory bowel disease. Gene 2013; 512: 309-313 [PMID:
23085276 DOI: 10.1016/j.gene.2012.10.015]
Mahurkar S, Banerjee R, Rani VS, Thakur N, Rao GV, Reddy
DN, Chandak GR. Common variants in NOD2 and IL23R are
not associated with inflammatory bowel disease in Indians. J
Gastroenterol Hepatol 2011; 26: 694-699 [PMID: 21155887 DOI:
10.1111/j.1440-1746.2010.06533.x]
Pugazhendhi S, Amte A, Balamurugan R, Subramanian V,
Ramakrishna BS. Common NOD2 mutations are absent in patients

September 28, 2016|Volume 22|Issue 36|

Ray G. IBD in India

55

56

57

58

59
60

61
62
63
64

65

66

67
68

69

70

with Crohn’s disease in India. Indian J Gastroenterol 2008; 27:
201-203 [PMID: 19112191]
Baskaran K, Pugazhendhi S, Ramakrishna BS. Protective
association of tumor necrosis factor superfamily 15 (TNFSF15)
polymorphic haplotype with Ulcerative Colitis and Crohn’s disease
in an Indian population. PLoS One 2014; 9: e114665 [PMID:
25501099 DOI: 10.1371/journal.pone.0114665]
Walker DG, Williams HR, Bancil AS, Rai P, Pantelidis P,
Chambers J, Kooner JS, Sato H, Orchard TR. Ethnicity differences
in genetic susceptibility to ulcerative colitis: a comparison of
Indian asians and white northern Europeans. Inflamm Bowel
Dis 2013; 19: 2888-2894 [PMID: 24145928 DOI: 10.1097/01.
MIB.0000437567.12067.e7]
Indian Genome Variation Consortium. Genetic landscape of
the people of India: a canvas for disease gene exploration. J Genet
2008; 87: 3-20 [PMID: 18560169 DOI: 10.1007/s12041-0080002-x]
Ali M, Liu X, Pillai EN, Chen P, Khor CC, Ong RT, Teo YY.
Characterizing the genetic differences between two distinct migrant
groups from Indo-European and Dravidian speaking populations
in India. BMC Genet 2014; 15: 86 [PMID: 25053360 DOI:
10.1186/1471-2156-15-86]
Tamang R, Singh L, Thangaraj K. Complex genetic origin of
Indian populations and its implications. J Biosci 2012; 37: 911-919
[PMID: 23107926 DOI: 10.1007/s12038-012-9256-9]
Juyal G, Mondal M, Luisi P, Laayouni H, Sood A, Midha V,
Heutink P, Bertranpetit J, Thelma BK, Casals F. Population and
genomic lessons from genetic analysis of two Indian populations.
Hum Genet 2014; 133: 1273-1287 [PMID: 24980708 DOI:
10.1007/s00439-014-1462-0]
Ek WE, D’Amato M, Halfvarson J. The history of genetics in
inflammatory bowel disease. Ann Gastroenterol 2014; 27: 294-303
[PMID: 25331623]
Rajan TV. Inflammatory bowel disease: maladaptation of the
vigilant genotype in a hyper-clean world? Perspect Biol Med 2006;
49: 171-177 [PMID: 16702702 DOI: 10.1353/pbm.2006.0029]
Desai HG, Gupte PA. Increasing incidence of Crohn’s disease in
India: is it related to improved sanitation? Indian J Gastroenterol
2005; 24: 23-24 [PMID: 15778522]
Kabeerdoss J, Pugazhendhi S, Subramanian V, Binder HJ,
Ramakrishna BS. Exposure to hookworms in patients with Crohn’s
disease: a case-control study. Aliment Pharmacol Ther 2011; 34:
923-930 [PMID: 21848628 DOI: 10.1111/j.1365-2036.2011.04824.x]
Pugazhendhi S, Sahu MK, Subramanian V, Pulimood A,
Ramakrishna BS. Environmental factors associated with Crohn’s
disease in India. Indian J Gastroenterol 2011; 30: 264-269 [PMID:
22161539 DOI: 10.1007/s12664-011-0145-1]
Sood A, Amre D, Midha V, Sharma S, Sood N, Thara A, Bansal
M, Juyal G, Thelma BK, Seidman E. Low hygiene and exposure
to infections may be associated with increased risk for ulcerative
colitis in a North Indian population. Ann Gastroenterol 2014; 27:
219-223 [PMID: 24976449]
Ray G. Association of dietary factors with ulcerative colitis in
India. J Gastroenterol Hepatol Res 2015; 4: 1649-1652 [DOI:
10.17554/j.issn.2224-3992.2015.04.541]
N g S C , Ta n g W, L e o n g RW, C h e n M , K o Y, S t u d d C ,
Niewiadomski O, Bell S, Kamm MA, de Silva HJ, Kasturiratne
A, Senanayake YU, Ooi CJ, Ling KL, Ong D, Goh KL, Hilmi I,
Ouyang Q, Wang YF, Hu P, Zhu Z, Zeng Z, Wu K, Wang X, Xia
B, Li J, Pisespongsa P, Manatsathit S, Aniwan S, Simadibrata M,
Abdullah M, Tsang SW, Wong TC, Hui AJ, Chow CM, Yu HH, Li
MF, Ng KK, Ching J, Wu JC, Chan FK, Sung JJ. Environmental
risk factors in inflammatory bowel disease: a population-based
case-control study in Asia-Pacific. Gut 2015; 64: 1063-1071 [PMID:
25217388 DOI: 10.1136/gutjnl-2014-307410]
Kumari R, Ahuja V, Paul J. Fluctuations in butyrate-producing
bacteria in ulcerative colitis patients of North India. World J
Gastroenterol 2013; 19: 3404-3414 [PMID: 23801832 DOI: 10.3748/
wjg.v19.i22.3404]
Kabeerdoss J, Sankaran V, Pugazhendhi S, Ramakrishna BS.
Clostridium leptum group bacteria abundance and diversity in

WJG|www.wjgnet.com

71

72

73

74

75

76

77

78

79

80

81

82

83

8135

the fecal microbiota of patients with inflammatory bowel disease:
a case-control study in India. BMC Gastroenterol 2013; 13: 20
[PMID: 23351032 DOI: 10.1186/1471-230X-13-20]
Walujkar SA, Dhotre DP, Marathe NP, Lawate PS, Bharadwaj
RS, Shouche YS. Characterization of bacterial community shift in
human Ulcerative Colitis patients revealed by Illumina based 16S
rRNA gene amplicon sequencing. Gut Pathog 2014; 6: 22 [PMID:
25018784 DOI: 10.1186/1757-4749-6-22]
Verma R, Verma AK, Ahuja V, Paul J. Real-time analysis of
mucosal flora in patients with inflammatory bowel disease in India.
J Clin Microbiol 2010; 48: 4279-4282 [PMID: 20861337 DOI:
10.1128/JCM.01360-10]
Patra S, Samal SC, Kang G, Pulimood A, Mathan M, Ramakrishna
BS. Adherent Escherichia coli in colorectal mucosal biopsies:
a histological and ultrastructural evaluation. Indian J Pathol
Microbiol 2012; 55: 485-489 [PMID: 23455785 DOI: 10.4103/037
7-4929.107786]
Iyer VH, Augustine J, Pulimood AB, Ajjampur SS, Ramakrishna
BS. Correlation between coinfection with parasites, cytome
galovirus, and Clostridium difficile and disease severity in patients
with ulcerative colitis. Indian J Gastroenterol 2013; 32: 115-118
[PMID: 23408260 DOI: 10.1007/s12664-012-0302-1]
Banerjee D, Deb R, Dar L, Mirdha BR, Pati SK, Thareja S,
Falodia S, Ahuja V. High frequency of parasitic and viral stool
pathogens in patients with active ulcerative colitis: report from a
tropical country. Scand J Gastroenterol 2009; 44: 325-331 [PMID:
19040190 DOI: 10.1080/00365520802556809]
Ghoshal UC, Alexender G, Ghoshal U, Tripathi S, Krishnani
N. Strongyloides stercoralis infestation in a patient with severe
ulcerative colitis. Indian J Med Sci 2006; 60: 106-110 [PMID:
16569924 DOI: 10.4103/0019-5359.22761]
Kishore J, Ghoshal U, Ghoshal UC, Krishnani N, Kumar S, Singh
M, Ayyagari A. Infection with cytomegalovirus in patients with
inflammatory bowel disease: prevalence, clinical significance and
outcome. J Med Microbiol 2004; 53: 1155-1160 [PMID: 15496396
DOI: 10.1099/jmm.0.45629-0]
Kochhar R, Ayyagari A, Goenka MK, Dhali GK, Aggarwal
R, Mehta SK. Role of infectious agents in exacerbations of
ulcerative colitis in India. A study of Clostridium difficile. J Clin
Gastroenterol 1993; 16: 26-30 [PMID: 8421140 DOI: 10.1097/000
04836-199301000-00008]
Balamurugan R, Balaji V, Ramakrishna BS. Estimation of faecal
carriage of Clostridium difficile in patients with ulcerative colitis
using real time polymerase chain reaction. Indian J Med Res 2008;
127: 472-477 [PMID: 18653911]
Vaishnavi C, Kochhar R, Bhasin D, Thennarasu K, Singh K.
Simultaneous assays for Clostridium difficile and faecal lactoferrin
in ulcerative colitis. Trop Gastroenterol 2003; 24: 13-16 [PMID:
12974208]
Ng SC, Tang W, Ching JY, Wong M, Chow CM, Hui AJ, Wong
TC, Leung VK, Tsang SW, Yu HH, Li MF, Ng KK, Kamm
MA, Studd C, Bell S, Leong R, de Silva HJ, Kasturiratne A,
Mufeena MN, Ling KL, Ooi CJ, Tan PS, Ong D, Goh KL, Hilmi
I, Pisespongsa P, Manatsathit S, Rerknimitr R, Aniwan S, Wang
YF, Ouyang Q, Zeng Z, Zhu Z, Chen MH, Hu PJ, Wu K, Wang X,
Simadibrata M, Abdullah M, Wu JC, Sung JJ, Chan FK. Incidence
and phenotype of inflammatory bowel disease based on results
from the Asia-pacific Crohn’s and colitis epidemiology study.
Gastroenterology 2013; 145: 158-165.e2 [PMID: 23583432 DOI:
10.1053/j.gastro.2013.04.007]
Ng SC, Zeng Z, Niewiadomski O, Tang W, Bell S, Kamm MA,
Hu P, de Silva HJ, Niriella MA, Udara WS, Ong D, Ling KL, Ooi
CJ, Hilmi I, Lee Goh K, Ouyang Q, Wang YF, Wu K, Wang X,
Pisespongsa P, Manatsathit S, Aniwan S, Limsrivilai J, Gunawan
J, Simadibrata M, Abdullah M, Tsang SW, Lo FH, Hui AJ, Chow
CM, Yu HH, Li MF, Ng KK, Ching JY, Chan V, Wu JC, Chan FK,
Chen M, Sung JJ. Early Course of Inflammatory Bowel Disease
in a Population-Based Inception Cohort Study From 8 Countries
in Asia and Australia. Gastroenterology 2016;150: 86-95.e3; quiz
e13-4 [PMID: 26385074 DOI: 10.1053/j.gastro.2015.09.005]
Kalaria R, Desai D, Abraham P, Joshi A, Gupta T, Shah S.

September 28, 2016|Volume 22|Issue 36|

Ray G. IBD in India

84

85

86

87

88

89

90

91

92

93

94

95

96

Temporal Change in Phenotypic Behaviour in Patients with Crohn’s
Disease: Do Indian Patients Behave Differently from Western and
Other Asian Patients? J Crohns Colitis 2016; 10: 255-261 [PMID:
26519461 DOI: 10.1093/ecco-jcc/jjv202]
Goel A, Dutta AK, Pulimood AB, Eapen A, Chacko A. Clinical
profile and predictors of disease behavior and surgery in Indian
patients with Crohn’s disease. Indian J Gastroenterol 2013; 32:
184-189 [PMID: 23417764 DOI: 10.1007/s12664-012-0293-y,]
Makharia GK, Sachdev V, Gupta R, Lal S, Pandey RM. AntiSaccharomyces cerevisiae antibody does not differentiate between
Crohn’s disease and intestinal tuberculosis. Dig Dis Sci 2007; 52:
33-39 [PMID: 17160471 DOI: 10.1007/s10620-006-9527-0]
Amarapurkar DN, Patel ND, Rane PS. Diagnosis of Crohn’s
disease in India where tuberculosis is widely prevalent. World J
Gastroenterol 2008; 14: 741-746 [PMID: 18205265 DOI: 10.3748/
wjg.14.741]
Ghoshal UC, Ghoshal U, Singh H, Tiwari S. Anti-Saccharomyces
cerevisiae antibody is not useful to differentiate between Crohn’s
disease and intestinal tuberculosis in India. J Postgrad Med 2007;
53: 166-170 [PMID: 17699989 DOI: 10.4103/0022-3859.33857]
Masoodi I, Kochhar R, Dutta U, Vaishnavi C, Prasad KK, Vaiphei
K, Kaur S, Singh K. Fecal lactoferrin, myeloperoxidase and serum
C-reactive are effective biomarkers in the assessment of disease
activity and severity in patients with idiopathic ulcerative colitis.
J Gastroenterol Hepatol 2009; 24: 1768-1774 [PMID: 20136960
DOI: 10.1111/j.1440-1746.2009.06048.x]
Samant H, Desai D, Abraham P, Joshi A, Gupta T, Dherai A,
Ashavaid T. Fecal calprotectin and its correlation with inflam
matory markers and endoscopy in patients from India with
inflammatory bowel disease. Indian J Gastroenterol 2015; 34:
431-435 [PMID: 26589229 DOI: 10.1007/s12664-015-0608-x]
Venkataraman S, Mohan V, Ramakrishna BS, Peter S, Chacko A,
Chandy G, Kurian G, Kurian S, Mathan M, Mathan VI, Patra S,
Pulimood A, Rolston DD. Risk of colorectal cancer in ulcerative
colitis in India. J Gastroenterol Hepatol 2005; 20: 705-709 [PMID:
15853982 DOI: 10.1111/j.1440-1746.2005.03810.x]
Kochhar R, Goenka MK, Kaushik SP, Gupta NM, Nagi B, Mehta
SK. Colorectal carcinoma in Indian patients with idiopathic
ulcerative colitis. Eur J Cancer Prev 1992; 1: 293-296 [PMID:
1467777 DOI: 10.1097/00008469-199206000-00003]
Shivakumar BM, Lakshmankumar B, Rao L, Bhat G, Suvarna
D, Pai CG. Colorectal neoplasia in long-standing ulcerative colitis
- a prospective study from a low-prevalence area. Colorectal Dis
2013; 15: e462-e468 [PMID: 23663532 DOI: 10.1111/codi.12276]
Desai D, Shah S, Deshmukh A, Abraham P, Joshi A, Gupta T,
Deshpande R, Khandagale V, George S. Colorectal cancers in
ulcerative colitis from a low-prevalence area for colon cancer.
World J Gastroenterol 2015; 21: 3644-3649 [PMID: 25834332
DOI: 10.3748/wjg.v21.i12.3644]
Shivakumar BM, Rao L, Satyamoorthy K, Pai GC. Synchronous
colorectal neoplasms in ulcerative pancolitis of 6 years duration:
pathological and molecular heterogeneity. BMJ Case Rep 2013;
2013: [PMID: 23821634 DOI: 10.1136/bcr-2013-200172]
Shivakumar BM, Kumar BL, Bhat G, Suvarna D, Rao L, Pai
CG, Satyamoorthy K. Molecular alterations in colitis-associated
colorectal neoplasia: study from a low prevalence area using
magnifying chromo colonoscopy. J Crohns Colitis 2012; 6:
647-654 [PMID: 22398042 DOI: 10.1016/j.crohns.2011.11.013]
Shivakumar BM, Rotti H, Vasudevan TG, Balakrishnan
A, Chakrabarty S, Bhat G, Rao L, Pai CG, Satyamoorthy K.
Copy number variations are progressively associated with the
pathogenesis of colorectal cancer in ulcerative colitis. World J

97

98

99
100

101
102

103

104

105

106

107
108
109

110

Gastroenterol 2015; 21: 616-622 [PMID: 25605985 DOI: 10.3748/
wjg.v21.i2.599]
Shivakumar BM, Chakrabarty S, Rotti H, Seenappa V, Rao
L, Geetha V, Tantry BV, Kini H, Dharamsi R, Pai CG, Satya
moorthy K. Comparative analysis of copy number variations in
ulcerative colitis associated and sporadic colorectal neoplasia.
BMC Cancer 2016; 16: 271 [PMID: 27080994 DOI: 10.1186/
s12885-016-2303-4]
Pulimood AB, Amarapurkar DN, Ghoshal U, Phillip M, Pai CG,
Reddy DN, Nagi B, Ramakrishna BS. Differentiation of Crohn’s disease
from intestinal tuberculosis in India in 2010. World J Gastroenterol
2011; 17: 433-443 [PMID: 21274372 DOI: 10.3748/wjg.v17.
i4.433]
Dutta AK, Sahu MK, Gangadharan SK, Chacko A. Distinguishing
Crohn’s disease from intestinal tuberculosis--a prospective study.
Trop Gastroenterol 2011; 32: 204-209 [PMID: 22332336]
Larsson G, Shenoy T, Ramasubramanian R, Balakumaran LK,
Småstuen MC, Bjune GA, Moum BA. Routine diagnosis of
intestinal tuberculosis and Crohn’s disease in Southern India.
World J Gastroenterol 2014; 20: 5017-5024 [PMID: 24803814
DOI: 10.3748/wjg.v20.i17.5017]
Sood A, Midha V, Singh A. Differential diagnosis of Crohn’s
disease versus ileal tuberculosis. Curr Gastroenterol Rep 2014; 16:
418 [PMID: 25277043 DOI: 10.1007/s11894-014-0418-9]
Das P, Goswami P, Das TK, Nag T, Sreenivas V, Ahuja V, Panda
SK, Gupta SD, Makharia GK. Comparative tight junction protein
expressions in colonic Crohn’s disease, ulcerative colitis, and
tuberculosis: a new perspective. Virchows Arch 2012; 460: 261-270
[PMID: 22297703 DOI: 10.1007/s00428-012-1195-1]
Banerjee R, Balaji M, Sasikala M, Anuradha S, Rao GV,
Nageshwar Reddy D. Granulomas of intestinal tuberculosis and
Crohn’s disease can be differentiated by CD73 cell surface marker
expression: a pilot study. Dig Dis Sci 2013; 58: 2301-2307 [PMID:
23625284 DOI: 10.1007/s10620-013-2667-0]
Pugazhendhi S, Jayakanthan K, Pulimood AB, Ramakrishna BS.
Cytokine gene expression in intestinal tuberculosis and Crohn’s
disease. Int J Tuberc Lung Dis 2013; 17: 662-668 [PMID: 23575333
DOI: 10.5588/ijtld.12.0600]
Baijal R, Chogle A, Kumar P, Shah N, Kulkarni S, Doshi S, Gupta
D, Amarapurkar D. A Case of Tuberculous Colitis with Associated
Takayasu’s Arteritis. J Assoc Physicians India 2015; 63: 62-65
[PMID: 26591132]
Sathiyasekaran M, Bavanandam S, Sankaranarayanan S, Mohan
N, Geetha M, Wadhwa N, Kehar M, Biradar V. A questionnaire
survey of pediatric inflammatory bowel disease in India. Indian J
Gastroenterol 2014; 33: 543-549 [PMID: 25588920 DOI: 10.1007/
s12664-014-0507-6]
Avinash B, Dutta AK, Chacko A. Pediatric inflammatory bowel
disease in South India. Indian Pediatr 2009; 46: 639-640 [PMID:
19638665]
Sathiyasekaran M, Raju BB, Shivbalan S, Rajarajan K. Pediatric
Crohn’s disease in South India. Indian Pediatr 2005; 42: 459-463
[PMID: 15923692]
Li BH, Guan X, Vittinghoff E, Gupta N. Comparison of the
presentation and course of pediatric inflammatory bowel disease
in South Asians with Whites: a single center study in the United
States. J Pediatr 2013; 163: 1211-1213 [PMID: 23706360 DOI:
10.1016/j.jpeds.2013.04.017]
Pinsk V, Lemberg DA, Grewal K, Barker CC, Schreiber RA,
Jacobson K. Inflammatory bowel disease in the South Asian pediatric
population of British Columbia. Am J Gastroenterol 2007; 102:
1077-1083 [PMID: 17378907 DOI: 10.1111/j.1572-0241.2007.01124.x]
P- Reviewer: Lakatos PL, Sparrow MP S- Editor: Qi Y
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

8136

September 28, 2016|Volume 22|Issue 36|

World J Gastroenterol 2016 September 28; 22(36): 8137-8148
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.i36.8137

© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Regulation of the serotonin transporter in the pathogenesis
of irritable bowel syndrome
Duo-Chen Jin, Hai-Long Cao, Meng-Que Xu, Si-Nan Wang, Yu-Ming Wang, Fang Yan, Bang-Mao Wang
Received: March 27, 2016
Peer-review started: March 28, 2016
First decision: May 12, 2016
Revised: May 28, 2016
Accepted: June 15, 2016
Article in press: June 15, 2016
Published online: September 28, 2016

Duo-Chen Jin, Hai-Long Cao, Meng-Que Xu, Si-Nan Wang,
Yu-Ming Wang, Fang Yan, Bang-Mao Wang, Department
of Gastroenterology and Hepatology, General Hospital, Tianjin
Medical University, Tianjin 300052, China
Hai-Long Cao, Fang Yan, Division of Gastroenterology,
Hepatology and Nutrition, Department of Pediatrics, Vanderbilt
University Medical Center, Nashville, TN 372320696, United
States
Author contributions: Jin DC, Cao HL and Wang BM designed
the review; Jin DC, Cao HL, Xu MQ, Wang SN and Wang YM
collected and analyzed the literature; Jin DC and Cao HL wrote
the paper; Jin DC, Cao HL, Xu MQ, Wang SN, Yan F and Wang
BM modified the manuscript; all authors were involved in the
final approval of the article.

Abstract
Serotonin (5-HT) and the serotonin transporter (SERT)
have earned a tremendous amount of attention
regarding the pathogenesis of irritable bowel syndrome
(IBS). Considering that enteric 5-HT is responsible for
the secretion, motility and perception of the bowel, the
involvement of altered enteric 5-HT metabolism in the
pathogenesis of IBS has been elucidated. Higher 5-HT
availability is commonly associated with depressed
SERT mRNA in patients with IBS compared with healthy
controls. The expression difference of SERT between
IBS patients and healthy controls might suggest that
SERT plays an essential role in IBS pathogenesis, and
SERT was expected to be a novel therapeutic target for
IBS. Progress in this area has begun to illuminate the
complex regulatory mechanisms of SERT in the etiology
of IBS. In this article, current insights regarding the
regulation of SERT in IBS are provided, including aspects
of SERT gene polymorphisms, microRNAs, immunity and
inflammation, gut microbiota, growth factors, among
others. Potential SERT-directed therapies for IBS are also
described. The potential regulators of SERT are of clinical
importance and are important for better understanding
IBS pathophysiology and therapeutic strategies.
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by enterochromaffin (EC) cells (90%) and enteric
[27]
serotonergic neurons of the myenteric plexus (10%) .
Therefore, EC cells are the main source of enteric 5-HT
[28,29]
in the gastrointestinal (GI) tract
. 5-HT inactivation
is as important as 5-HT release for maintaining
dynamic equilibrium. As a number of neurotransmitter
sodium symporters or the solute carrier superfamily
6, the serotonin reuptake transporter (SERT) plays
an irreplaceable role in 5-HT inactivation by removing
5-HT from the interstitial space in the lamina propria
into mucosal enterocytes and presynaptic neurons that
[30,31]
[31]
are responsible for catabolism
. Coates et al first
characterized a significantly decreased level of SERT
in IBS. However, there was another conflicting finding
[32,33]
of increased SERT expression in IBS
. Taking the
significant differences in the analytical methodology
used and the heterogeneity of phenotypes into
[34]
account, most researchers, such as Faure et al , have
demonstrated that IBS patients have a remarkably
attenuated level of SERT expression in the intestinal
lining, which conforms to a remarkably decreased
capacity of enterocytes to reuptake 5-HT. It is generally
accepted that there is a significant inverse correlation
targeting the level of availability between SERT and
5-HT.
SERT plays a critical role in the uptake and inter
nalization of extracellular 5-HT. Previous studies
have provided support to the concept that SERT is
regulated by transcriptional and posttranslational
mechanisms. To date, an association between SERT
gene polymorphisms and IBS susceptibility has been
inconsistent among different ethnic groups and even
[35]
among different populations . Despite the lack of
consensus on the wide range of roles of potential
factors, immunity activation, inflammatory response,
gut microbiota and their relationships have been
[36]
suggested to regulate SERT expression in PI-IBS .
Probiotics are also notable for linking inflammation[37]
immune systems and gut microbiota in IBS patients .
Recent studies have also shed light on the fascinating
roles of microRNAs, growth factors and other factors in
[38]
regulating SERT .

Core tip: The serotonin transporter (SERT) participates
in metabolizing serotonin in the gut and plays a crucial
role in the pathogenesis of irritable bowel syndrome
(IBS). This review summarizes the relevant evidence
on the factors that might regulate SERT, including
SERT gene polymorphisms, microRNAs, immunity
and inflammation, gut microbiota and growth factors.
This review also reveals several potential treatments
targeting SERT for IBS patients.
Jin DC, Cao HL, Xu MQ, Wang SN, Wang YM, Yan F, Wang
BM. Regulation of the serotonin transporter in the pathogenesis
of irritable bowel syndrome. World J Gastroenterol 2016;
22(36): 8137-8148 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i36/8137.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i36.8137

INTRODUCTION
As a functional bowel disorder, irritable bowel syndrome
(IBS) has the highest incidence rate worldwide. IBS
is defined as a disorder with complex symptoms
appearing as abdominal pain/discomfort and altered
[1-3]
bowel patterns
. A growing number of people
suffer from IBS, with an estimated 5.8%-17.5%
[4,5]
prevalence, especially in females . IBS causes a
tremendous decline in the health-related quality of life
and brings a considerable socioeconomic burden of
[2,6]
up to $19 billion . The Rome III criteria have been
improved to help with the diagnosis and differential
[7-10]
diagnosis of the syndrome
. According to these
criteria, IBS can be divided into 4 subtypes, namely
IBS with constipation (IBS-C), IBS with diarrhea
(IBS-D), IBS mixed type (IBS-M) and IBS unsubtyped
[11,12]
(IBS-U)
. Furthermore, a 6-year follow-up study
showed that approximately 10% of patients with
infective gastroenteritis suffer from post-infective
[13]
IBS (PI-IBS) . Because IBS is considered to be a
multifactorial and heterogeneous disease with various
phenotypes, no single mechanism entirely explains
the pathophysiology of the disorder. Some possible
mechanisms involve the initiation, persistence and
severity of symptom flares, including inflammation,
[14,15]
[16,17]
immunity, infection
, the gut microbiota
,
[16,18,19]
psychosocial stress
and an abnormal brain[16,20]
gut axis
. Recent discoveries have revealed that
[21]
[22]
genetic susceptibility , diet/drug intolerances
and
[23]
environmental pollutants
are closely associated
with IBS pathogenesis. Although the etiology of
IBS is largely elusive, there are some characteristic
symptoms of the disorder, including visceral
[16,24]
[25]
hypersensitivity
, intestinal barrier dysfunction
[16,17,26]
and gut motility disorder
.
As a signal transducer and a neurotransmitter,
serotonin (5-HT) mediates intercellular signaling
transmission in the gut, and most of the 5-HT in
the body is in the gut. Enteric 5-HT is synthesized

WJG|www.wjgnet.com

ROLE OF SERT IN IBS
5-HT expands its regulatory functions outside the
central nervous system as a neurotransmitter. In
[39,40]
the gut, 5-HT is also a key signal transducer
.
Although the complex roles of 5-HT in the gut have
not yet been clearly and completely elucidated, current
studies have proven that 5-HT acts upon mucosal
sensory transduction, responding to pressure and
[41]
luminal stimuli derived from diet and bacteria . The
release of 5-HT acting on a series of 5-HT receptors
initiates secretory reflexes, peristaltic reflexes and, if
pronounced, diarrhea, by stimulating intrinsic primary
[41-43]
afferent neurons and myenteric interneurons
.
Furthermore, by stimulating extrinsic sensory nerves,
5-HT can also transmit the sensation of discomfort to
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[47]

to treat IBS was inconclusive . One study showed
that IBS patients with a psychiatric comorbidity had a
[48]
greater probability of carrying SERT variants . The
possibilities underpinning antidepressants, such as
SSRIs and other factors that regulate SERT, require
further elaboration.
Termination of the 5-HT signal is as important as
its initiation; therefore, SERTs on the cell membrane of
enterocytes are vital to transport 5-HT intracellularly,
[49]
where 5-HT is metabolized by monamino-oxidases .
Using mice with a targeted deletion of SERT, Chen
[50]
et al
demonstrated that nearly all of the intestinal
epithelial cells on the surface of the lumen express
SERT. As a result, it is not surprising that the intestinal
mucosa has a huge capacity for taking up 5-HT from
the interstitial space. Therefore, 5-HT is transported into
enterocytes by SERT after release from EC cells and
[30]
acting on local selected receptors . As a membraneembedded transporter, SERT is crucial for modulating
[51]
the amplitude and duration of the 5-HT signal . As
discussed previously, a significant correlation has been
observed between abnormalities of 5-HT signaling
and IBS-like pathogenesis. Furthermore, it is now
believed that altered SERT expression is responsible
for disorganized 5-HT signaling. When dysregulated
SERT increases mucosal 5-HT availability, high-levels
of gut secretion and motility might accelerate the
[52]
development of IBS-D . It is generally accepted that
the abnormalities of SERT expression contribute to
IBS development. However, the regulation of SERT
expression in IBS and the underlying mechanisms are
not fully understood.

Table 1 Summary of potential regulators of the serotonin
transporter in irritable bowel syndrome
Regulatory factors

Ref.

SERT gene polymorphisms
5-HTTLPR
Zhang et al[78]
Areeshi et al[35]
Wang et al[73]
Yeo et al[74]
Kumar et al[75]
Sikander et al[76]
Pata et al[77]
STin2 VNTRs Wang et al[79]
Yeo et al[74]
SNPs
Kohen et al[58]
MicroRNAs (↓)
MiR-16
Baudry et al[38]
MiR-545
Jensen et al[94]
MiR-15a
Moya et al[62]
MiR-24
Liao et al[96]
Immunity and inflammation
Immune cells (↓)
IELs
Foley et al[52]
Faure et al[34]
Mast cells
Foley et al[52]
T cells
Wheatcroft
et al[104]
Faure et al[34]
Inflammatory cytokines
IFN-g and
Foley et al[105]
TNF-α (↓)
TGF-b1 (↑)
Nazir et al[107]
Gut microbiota
EPEC (↓)
Esmaili et al[118]
EcN (↓)
Nzakizwanayo
et al[119]
LGG (↑)
Wang et al[121]
Growth factors (↑)
EGF
Kekuda et al[132]
bFGF
Kubota et al[133]
NGF
Gil et al[134]

Publication
year

Study type

2014
2013
2012
2004
2012
2009
2002
2004
2004
2009

Meta-analysis
Meta-analysis
Case-control study
Case-control study
Case-control study
Case-control study
Case-control study
Case-control study
Case-control study
Case-control study

2010
2009
2013
2016

Experimental study
Experimental study
Experimental study
Case-control study

2011
2010
2011
2005

Experimental study
Experimental study
Experimental study
Experimental study

2010

Experimental study

2007

Experimental study

2015

Experimental study

2009
2015

Experimental study
Experimental study

2015

Experimental study

1997
2001
2003

Experimental study
Experimental study
Experimental study

POTENTIAL REGULATORY FACTORS OF
SERT

5-HTTLPR: 5-HT-transporter-gene-linked polymorphic region; STin2
VNTRs: Variable number of tandem repeats STin2; SNPs: Single nucleotide
polymorphisms; IELs: Intraepithelial lymphocytes; IFN-g and TNF-a:
Interferon-g and tumor necrosis factor-a; TGF-b1: Transforming growth
factor-b1; EPEC: Enteropathogenic E. coli; EcN: Escherichia coli Nissle
1917; LGG: Lactobacillus rhamnosus GG supernatant; EGF: Epidermal
growth factor; bFGF: Basic fibroblast growth factor; NGF: Nerve growth
factor.

Both genetic and non-genetic factors are implicated
in the up-regulation or down-regulation of SERT
expression in IBS (Table 1). It is becoming clear
that genetic predisposition might underlie IBS
[53]
in individuals . A large-scale study between
monozygotic twins and dizygotic twins proved that
both heredity and the environment contribute to the
development of IBS. Furthermore, it appeared that
environmental influence was more important for
[54]
individuals than heredity in IBS . In the present
article, the potential regulatory factors of SERT
expression are presented and discussed, and these
factors might be involved in the pathophysiology and/
or etiology of IBS.

the central nervous system along the gut–brain axis
in IBS. Therefore, 5-HT is closely related to secretion,
[28,31]
motility and sensation in the gut
. Shufflebotham
[44]
et al
highlighted the importance of 5-HT dys
function in IBS symptoms and psychophysiological
manifestation with the use of the acute tryptophan
depletion paradigm. Moreover, increasing evidence
suggests that psychiatric comorbidities are highly
[45]
prevalent in IBS patients . Antidepressant selective
serotonin reuptake inhibitors (SSRIs) are considered to
be possible treatments for IBS. In 2014, a systematic
review declared that antidepressants are effective in
[46]
treating IBS . However, in 2015, a meta-analysis
with conflicting results found that the efficacy of SSRIs
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SERT gene polymorphisms
[55]

As Hotoleanu et al demonstrated using twin studies,
familial aggregation and epidemiology, genetic factors
contribute to IBS, especially polymorphisms of the
SERT gene. In other words, a low-expression SERT
genotype might underlie a genetic predisposition to
[56,57]
[58]
IBS
. Furthermore, Kohen et al
reported a trend
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[79]

towards an association between 5-HT-transportergene-linked polymorphic region (5-HTTLPR) L/L
[59]
genotype and IBS. However, Camilleri et al
found
that colonic mucosal expression of the SERT gene
[60]
was normal in IBS. Galligan et al
found increased
serotonin availability in SERT knockout rats associated
with visceral hypersensitivity. The SERT gene, solute
carrier family 6 member 4 (SLC6A4), localizes to
chromosome 17q11.2. SLC6A4 spans approximately
40 KB, contains 14 exons and ultimately encodes a
[61-63]
603-amino acid protein
. There are a series of
polymorphic regions that might affect the expression
[59,64-67]
or function of SERT
and further alter 5-HT
[68]
reuptake, reaching up to 40-fold in vitro . Current
research mainly focuses on positive associations of
the SLC6A4 genetic polymorphisms with the etiology
[69]
of IBS, including 5-HTTLPR , a variable number
[65]
of tandem repeats (VNTR) STin2
and functional
single nucleotide polymorphisms (SNPs; rs25531 and
[58,70,71]
rs25532, etc.)
. However, the presence of linkage
disequilibrium between the three aspects has not yet
[58]
been determined .
The most frequently studied variant, a 5-HTTLPR
insertion/deletion polymorphism of approximately 44
base pairs, is subdivided into long (L) and short (S)
[69,72]
alleles
. Furthermore, compared with the L/S and
S/S genotypes, the transcriptional efficiency of the L/L
[73]
genotype is significantly higher . Our previous study
found that the L/L genotype leading to a higher SERT
level appeared more frequently in IBS-C individuals
[73]
[74]
than in IBS-D and healthy individuals . Yeo et al
reported that the 5-HTTLPR polymorphism was highly
related to female patients with IBS. The S allele
leading to decreased transcription of SLC6A4 and
attenuated expression of SERT protein resulted in a
reduced reuptake of 5-HT and a higher 5-HT level,
which was consistent with manifestations of IBS-D
[75]
compared with other subtypes of IBS and controls .
[76]
[77]
Contradictorily, Sikander et al
and Pata et al
reported that the S/S genotype had a significant
correlation with IBS-C patients in the Indian and
[33]
Turkish population, and Wendelbo et al concluded an
increased content of SERT availability in ileal epithelia
facilitating the pathogenesis of IBS, regardless of the
subtype. However, because of insufficient patients
participating in these studies, there was still no
consistent conclusion. A meta-analysis containing
thousands of IBS cases found ethnic differences in the
relationship between 5-HTTLPR and IBS; moreover,
the L/L genotype, or rather the L allele, was more
[78]
relevant to IBS-C in East Asians than in Caucasians .
Similarly, another meta-analysis showed that the
SLC6A4 polymorphism is associated with a reduced
[35]
risk of IBS in American and Asian populations .
Another SERT gene polymorphism, called variable
number of tandem repeats STin2, or simply “STin2
VNTR” for short, is located in intron 2 and consists of
an indeterminate number of 17-bp segments (i.e., 9,
[65,70]
10 or 12 repeats)
. Our previous study reported
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that the 10/12 genotype might contribute to IBS ,
although other reports regarding the association
between STin2 VNTRs and IBS were controversial and
[74,80]
inconclusive
. With regard to functional SNPs within
[58]
the VNTR promoter, Kohen et al found that compared
with the more frequent A-allele, the comparatively
rare rs25531 G-allele decreased SERT transcription
and thus increased the IBS risk by approximately
3-fold. SERT gene promoter polymorphisms have
been implicated in the treatment effects of histone
deacetylase inhibitors (butyrate or trichostatin)
in cultured colonic epithelial cells (Caco-2 cells),
which resulted in reduced SERT mRNA and protein
expression by suppressing the human SERT (hSERT)
[81]
promoter 1 . The development of SERT genespecific therapeutics to regulate SERT expression in
the treatment of multiple disorders, including IBS, is
realizable. Clinicians could put individualized treatment
into effect according to different SERT genotypes as
one of the factors.

MicroRNAs

Posttranscriptional gene regulation by microRNAs
(miRNAs) can greatly contribute to miRNA-targeted
[82,83]
gene translation
. miRNAs, endogenous about 22
nucleotide (nt) noncoding RNAs, pair with and then
silence target mRNAs and achieve fine adjustments
[84-86]
of protein outputs
. Of interest, nearly all aspects
of biological processes, including development
and cellular homeostasis, are under the influence
of miRNAs. Moreover, miRNAs can facilitate the
development of several types of diseases when they
[83-85,87]
dysregulate targeted gene expression
. Despite
insufficient studies focusing on the 3’-untranslated
region (3’-UTR) of SLC6A4, miRNA binding to the
3’-UTR of SERT mRNAs by incomplete complementary
base pairing is crucial for SERT mRNA translation,
[38,88]
localization and stability
.
During the past several years, it has been shown
that SERT is a target of microRNA-16 (miR-16).
The highly conserved miR-16 among mammalian
species has high expression levels in the heart, brain,
[89,90]
[38]
small intestine, lung and kidney
. Baudry et al
investigated if SERT expression was decreased by
miRNAs in monoaminergic neurons utilizing the 1C11
neuroectodermal cell line expressing SERT transcripts.
The results showed a 40% decline in the numbers of
3
[ H]-paroxetine (SSRI) binding sites after transfection
with a high level of miR-16. SSRI fluoxetine downregulated SERT expression by increasing the level of
5-HT
miR-16 in 1C11
cells (1C11 neuroectodermal cells
[38]
differentiate into serotonergic neuronal cells) . Similar
findings were obtained in the hippocampus, showing
that fluoxetine treatment resulted in down-regulated
miR-16 and 5-fold increased SERT expression, with
further illustration that the level of miR-16 was
regulated by SSRI antidepressants and was increased
or decreased according to the different regions in

8140

September 28, 2016|Volume 22|Issue 36|

Jin DC et al . SERT regulation in IBS
the brain. Furthermore, the neutralization of miR-16
[91]
played an antidepressant role in the hippocampus .
Direct injection of anti-miR-16 had an antidepressant
[91,92]
effect similar to fluoxetine
. A study investigating
acute lung injury also drew the same conclusions that
decreased miR-16 levels contributed to increased SERT
expression and therefore promoted the pathogenesis
[93]
of pulmonary edema .
miR-16 might not be the only modulatory miRNA
involved in the translational repression of SERT. For
[94]
example, Jensen and colleagues
found that SERT
expression in the HeLa cell line was also regulated by
miR-545, and a U to G SNP in the 3’-UTR of the SERT
mRNA had no effect on miR-545 binding and SERT
down-regulation. In addition, miR-15a contiguously
located at chromosome 13q14.3 with miR-16 also
[62,89]
regulated SERT expression in rat and human cells
.
More concerning, the observed results from the brain
tissue of Wistar rat pups highlighted that Cronobacter
sakazakii infection up-regulated miR-16 expression
interacting with SERT mRNA, which led to decreased
[95]
levels of 5-HT and SERT expression . Recently,
a study directly illuminated that increased miR-24
expression in the enterocytes of IBS patients and
mouse models promoted IBS-D pathogenesis by
[96]
down-regulating SERT expression . Discovering
novel miRNAs related to posttranscriptional SERT gene
regulation and elucidating the underlying mechanisms
provide a new strategy to expand our understanding
of miRNAs in the development and treatment of IBS.

the general presence of inflammatory infiltrates, Faure
[34]
et al
detected no differences in the numbers of IELs
+
and CD3 cells located in the lamina propria between
IBS patients and healthy controls.
Accumulating evidence has demonstrated that
proinflammatory mediators, such as interferon-γ and
tumor necrosis factor (TNF)-α, and not solely a nonspecific change of inflammatory damage on epithelial
cells, induce significant reductions in SERT mRNA, SERT
[105]
protein levels and SERT function in Caco2 cells
.
However, prostaglandin E2 and interleukin-12 (IL-12)
[105]
had no effect on the SERT mRNA and protein levels .
Furthermore, treatment with Shugan decoction, a type
of traditional Chinese medicine used to treat IBS-D
patients, resulted in a decreased TNF-α level with upregulated SERT gene and protein levels in colonic tissue,
which suggested underlying interactions between
[106]
TNF-α and SERT expression . A protective cytokine,
transforming growth factor-β1, can activate SERT
activity and inhibit intestinal inflammation via PI3K and
[107]
syntaxin 3
. These studies provide an overview of
immune mechanisms involved in SERT regulation in a
subset of IBS patients.

Gut microbiota

It is generally accepted that gut microbiota dysbiosis is
responsible for intestinal ecology disturbances, which
could be a significant catalyst in the development of
[108,109]
functional bowel disorders
. The current insight
is that gut host-microbial interactions are important
elements involved in the pathogenesis of IBS because
of the convincing findings that predisposed individuals
following infectious gastroenteritis suffer from PI-IBS
[110,111]
and resemble patients with IBS-D
. Because
of the rapid evolution of analytical techniques, such
as 16S rRNA-based microbiota analyses for profiling
bacteria in the GI tract, not just in culture, it has
been shown that mucosal and fecal gut microbial
community composition differs between patients with
[112]
IBS and healthy controls
. Albeit with significant
differences in methods, many studies have found that
the relative abundances of the genera Lactobacillus,
Bifidobacterium, Actinobacteria and Bacteroidetes
were decreased, while Proteobacteria, Firmicutes and
Firmicutes: Bacteroidetes ratios were increased in fecal
[110,113,114]
[115]
samples of IBS-D patients
. Malinen et al
even found an association between altered bacterial
composition and subtypes of IBS, with a decreased
amount of Lactobacillus spp. among IBS-D patients
and an elevated amount of Veillonella spp. among
IBS-C patients. However, the lack of large sample sizes
and the heterogeneity of IBS symptoms represent
limitations of these studies.
As noted previously, particular gut microbes and
microbial metabolites regulate tryptophan metabolism,
the serotonergic system and brain-gut axis functions
and thereby alter the levels of 5-HT in the colon
and blood, which might suggest a critical role for

Immunity and inflammation

Given that accumulating evidence points to a critical
role for immune activation of the gut mucosa in EC
cell hyperplasia and reduced SERT activity in IBS-D
[97]
patients or post-infectious IBS (PI-IBS) patients , it is
not surprising that mucosal 5-HT is increased in IBS-D
[41,52,98,99]
[41,98,100,101]
patients
and PI-IBS patients
. It is
generally accepted that there are increased levels of
mucosal immune cell infiltration and proinflammatory
cytokines in IBS patients. Furthermore, the inflam
matory state of the intestinal mucosa promotes
[14,34,102]
visceral hypersensitivity
. Evidence suggests that
50% of IBS patients exhibit a drastic 72% increase
+
of immunocytes in colonic mucosa, including CD3 ,
+
+
CD4 and CD8 T cells and mast cells, compared
[41,103]
[52]
with healthy controls
. Foley et al
found that
the reduced level of mucosal SERT mRNA in IBS-D
patients was correlated with increased numbers of
mucosal intraepithelial lymphocytes (IELs) and mast
cells compared with healthy controls. A study from
[104]
Wheatcroft and colleagues
evaluated post-Trichinella
spiralis infection of T cell receptor (TCR) knockout mice
with respect to EC cell numbers and SERT expression.
The authors demonstrated that deficiencies of all T
cells decreased infection-induced EC cell hyperplasia
and extinguished mastocytosis, with a drastic reduct
ion in jejunal SERT expression. Paradoxically, despite
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the intestinal flora in regulating SERT and ultima
[40,112,116,117]
tely influencing the pathogenesis of IBS
.
[116]
Yano et al
found that EC cells were promoted to
synthesize and secrete 5-HT by endogenous bacteria,
such as spore-forming bacteria and their metabolites
[118]
in germ-free mice. Esmaili et al
found that Caco-2
cells and mice infected by enteropathogenic E. coli
to simulate infectious diarrheal diseases (PI-IBS and
enteric infections) had decreased SERT mRNA levels,
apical SERT activity, 5-HT uptake and mucosal 5-HT
[119]
content. An investigation by Nzakizwanayo et al
demonstrated that the exposure of mouse ileal tissue to
E. coli Nissle 1917 in vitro increased 5-HT bioavailability
and decreased its metabolite level [5-hydroxy indole
acetic acid (5-HIAA)], which suggested the underlying
mechanisms for clearing 5-HT by SERT. Similarly, in
IBS, reduced 5-HIAA levels and 5-HIAA/5-HT ratios
elucidate serotonergic system dysbiosis with regard to
[120]
both synthesis and metabolism . Our previous study
suggested that the supernatant of probiotics, such as
Lactobacillus rhamnosus GG, up-regulated the SERT
mRNA level as much as 9.4-fold in enterocytes and
mouse intestinal tissues in a concentration- and time[121,122]
dependent manner
. Our research also found that
a protein derived from LGG, known as p40, activated
epidermal growth factor receptor (EGFR), which
suggested that LGG up-regulated SERT possibly by
[123]
activating EGFR .
Therapeutic strategies targeting the gut microbiota
to recover the decreased diversity and stability might
be a viable treatment strategy for IBS and other 5-HT[40,116]
related brain-gut-microbiota axis disorders
. To
date, scientists and clinicians have made a variety of
creative attempts, especially using probiotics, prebiotics,
antibiotics and fecal microbiota transplantation (FMT),
to increase the relative abundance of commensals (such
as Lactobacilli and Bifidobacteria, etc.) and conversely,
to decrease the relative abundance of those bacterial
species exacerbating IBS symptoms (Clostridium, E.
[108,124]
coli, Salmonella, Shigella and Pseudomonas)
.
Both a low-carbohydrate diet and the probiotic LGG
[122,125]
have been proven effective in IBS patients
.
Lactococcus lactis, which is effective in suppressing
colon inflammation by secreting IL-10, restores
colonic 5-HT concentrations, given that the 5-HT level
is increased in a dinitro-benzenesulfonic-acid micro[102]
[126]
inflammation model
. Similarly, Martín et al
found that the probiotic Faecalibacterium prausnitzii
strain A2-165 (a type of commensal bacterium) or
its supernatant had anti-inflammatory effects, with
down-regulation of 5-HT levels to restore the normal
state. Rifaximin, the most studied antibiotic in IBS,
increased the relative abundance of Lactobacillus in the
ileum, which relieved the mucosal inflammatory state
[127]
and visceral hyperalgesia of the rat model
. There
is growing evidence regarding the efficacy of FMT in
relieving symptoms in IBS patients, even in patients
with longstanding refractory IBS-D, via restoring the
[128-131]
intestinal microbiota
. However, no study has
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demonstrated a relationship between FMT and SERT
in IBS. Further studies are necessary to determine
new classes of probiotics and underlying mechanisms
contributing to the treatment of IBS; meanwhile,
the feasibility and reliability of FMT remain to be
determined.

Growth factors

There is growing evidence regarding the role of growth
[132]
[133]
factors, such as EGF , basic fibroblast growth factor
[134]
and nerve growth factor , in the up-regulation of SERT
expression. At present, EGF has been the most studied
of these factors. As a polypeptide with 53 amino acid
[135]
residues and growth hormone
, EGF plays multiple
biological roles by combining with a specific EGFR
[135-138]
located on the basolateral surface of enterocytes
.
There is evidence to suggest that EGF is involved in
many normal physiological processes (stimulating
intestinal epithelium cell proliferation, differentiation
[136,139-141]
and maturation
, etc.) and pathophysiologic
[142]
situations (maintenance of homeostasis , protection
[136,140,143]
and regeneration of gastrointestinal mucosa
).
Given that EGF signaling protects the GI tract from
[137]
intestinal inflammation
, little is known about a
potential correlation between EGF signaling and IBS
pathogenesis.
[144]
In response to SERT regulation, as Gill et al
first suggested, EGF acting on EGFR activates the
hSERT promoter and upregulates SERT mRNA levels
and function in enterocytes through transcriptional
mechanisms in a dose- and time-dependent manner.
Two types of alternate promoters of the SERT gene,
[145]
hSERTp1 and hSERTp2
, are both active in Caco-2
cells by approximately 2- to 2.5-fold, respectively,
compared with the transfected results of the pGL2
[144]
empty vector alone
. Accumulating evidence
suggests that EGF promotes SERT gene expression.
[132]
Kekuda et al
found that the treatment of human
placental choriocarcinoma cells with EGF increased
the levels of SERT transcriptional activity, SERT mRNA
expression and SERT function, likely by activating the
EGF receptor through tyrosine phosphorylation. Kubota
[133]
et al
reached similar conclusions about EGF and
basic fibroblast growth factor using human glial cells
(astrocytes). However, the positive effects of EGF on
both distinct promoters of the SERT gene (hSERTp1
and hSERTp2) are counteracted by inhibiting EGFR
[132,144]
tyrosine kinase activity
. Decreased plasma and
colonic tissue EGF levels were observed in IBS patients
[146]
and in a rat model with visceral hypersensitivity
.
Therefore, decreased EGF correlates with decreased
SERT activity, which is consistent with the conclusions
that decreased EGF levels result in decreased removal
of 5-HT into intestinal epithelial cells, stimulating
[146]
visceral sensitivity and ultimately contributing to IBS .
As a neuroendocrine mediator, neurotrophin nerve
[147,148]
growth factor is increased in mucosal tissues
and
could relieve intestinal barrier dysfunction and visceral
[149,150]
hypersensitivity of IBS-D patients
. These findings
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suggest that the up-regulation of SERT expression
and function by growth factors might provide a better
understanding of the pathogenesis and treatment of
IBS.

8

Others

9

In addition, several different factors modulate SERT
expression. As an agonist of tyrosine-kinase receptors,
aurintricarboxylic acid plays a role in the upregulation
[132]
of SERT, similar to EGF . Although studies have found
that some factors (CCAAT/enhancer binding protein
[151]
[152]
beta , heterogeneous nuclear ribonucleoprotein K ,
[153]
10(-7)M 4-β-12-tetradecanoylphorbol-13-acetate
,
etc.) regulate SERT, it remains to be determined if these
factors are involved in IBS pathogenesis.

10

11

FUTURE PROSPECTS

12

It is now believed that 5-HT signaling is essential to
the pathogenesis of IBS. As a result, new therapeutic
strategies targeting the abnormal expression of
SERT might represent a breakthrough to relieve the
[28,109]
symptoms of this excruciating disease
. At present,
therapeutic approaches targeting gut microbiota,
immune activation and the inflammatory response have
received adequate attention to regulate SERT. There is
no doubt that these potential regulators of SERT hold
great promise for the development of treatments for
IBS.

13
14
15
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Abstract
Migraine is a recurrent and commonly disabling primary
headache disorder that affects over 17% of women and
5%-8% of men. Migraine susceptibility is multifactorial
with genetic, hormonal and environmental factors all
playing an important role. The physiopathology of
migraine is complex and still not fully understood. Many
different neuropeptides, neurotransmitters and brain
pathways have been implicated. In connection with
the myriad mechanisms and pathways implicated in
migraine, a variety of multisystemic comorbidities
(e.g. , cardiovascular, psychiatric and other neurological
conditions) have been found to be closely associated
with migraine. Recent reports demonstrate an increased
frequency of gastrointestinal (GI) disorders in patients
with migraine compared with the general population.
Helicobacter pylori infection, irritable bowel syndrome,
gastroparesis, hepatobiliary disorders, celiac disease and
alterations in the microbiota have been linked to the
occurrence of migraine. Several mechanisms involving
the gut-brain axis, such as a chronic inflammatory
response with inflammatory and vasoactive mediators
passing to the circulatory system, intestinal microbiota
modulation of the enteric immunological milieu and
dysfunction of the autonomic and enteric nervous system,
have been postulated to explain these associations.
However, the precise mechanisms and pathways
related to the gut-brain axis in migraine need to be
fully elucidated. In this review, we survey the available
literature linking migraine with GI disorders. We discuss
the possible physiopathological mechanisms, and clinical
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trigeminal nuclei activation are thought to mediate
migraine pathogenesis. Headache arises initially from
an inflammatory response in the dura, mediated
by vasoactive peptides, including calcitonin generelated peptide (CGRP), substance P and neurokinin
A. These are all released by trigeminal fibers and lead
to activation of nociceptive perivascular sensory nerve
[8]
terminals located in the meningeal vasculature .
Perpetuation of headache is thought to be secondary
to increased cortical responsiveness, while cortical
spreading depression (CSD) has been hypothesized to
represent the pathophysiological correlate not only for
crisis onset but also for migraine aura.
The many stages of migraine headache from
prodromal to postictal symptoms involve alterations
in multiple cortical and subcortical structures. CSD
itself can also activate the trigeminovascular system.
Nociceptive input from trigeminal fibers converge onto
the spinal trigeminal nucleus, which later modulates
the activity of second-order structures such as the
ventrolateral area of the upper cervical and medullary
dorsal horn, the periaqueductal gray matter, rostral
trigeminal spinal nuclei, brainstem reticular areas,
[8,9]
superior salivatory nuclei and the cuneiform nuclei .
Activity in these brain regions modulates the myriad
of symptoms that follow migraine headache. The
frequency of accompanying autonomic symptoms, such
as nausea, vasoconstriction, vasodilation and diaphoresis
as well as the participation of the hypothalamus, has
led some investigators to propose that autonomic
dysfunction may also play an important part in migraine
pathophysiology.
It is widely known that migraine is associated
with a variety of comorbidities, mainly cardiovascular,
psychiatric and other neurological conditions. Hyper
tension, hyperlipidemia, sinusitis, asthma, pulmonary
emphysema, insomnia, affective disorders and
fibromyalgia have all been associated with migraine.
Recent studies have found that gastrointestinal (GI)
disorders also appear to be more frequent in patients
[10]
with migraine (PWM) than in the general population .
In this review, we survey the available literature linking
migraine with GI complications and comorbidities.

implications as well as several future areas of interest
for research.
Key words: Migraine; Headache; Microbiota; Review;
Gastrointestinal diseases
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Migraine is a recurrent and disabling primary
headache disorder that commonly affects a significant
proportion of the global population. Recent reports
demonstrate an increased frequency of gastrointestinal
(GI) disorders in patients with migraine compared
with the general population. We review the available
literature linking migraine with GI complications and
comorbidities.
Cámara-Lemarroy CR, Rodriguez-Gutierrez R, Monreal-Robles
R, Marfil-Rivera A. Gastrointestinal disorders associated with
migraine: A comprehensive review. World J Gastroenterol 2016;
22(36): 8149-8160 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i36/8149.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i36.8149

INTRODUCTION
Migraine is a disabling primary headache disorder,
defined by the International Classification of Headache
Disorders as recurrent, moderate to severe headache
attacks lasting 4-72 h with associated features including
[1]
nausea and/or vomiting that affects over 17% of
[2,3]
women and 5%-8% of men . Recent publications
have suggested that its worldwide prevalence may
surpass 20%, and that it consistently rates as one of
[4]
the most disabling conditions . The subtype of chronic
migraine affects up to 2%-5% of the population
[5,6]
worldwide .
Susceptibility to migraine is thought to be multifactorial, with genetic hormonal and environmental
factors all playing an important role. Unbiased genomewide association studies have identified 13 migraineassociated variants pointing at genes that cluster
in pathways for glutamatergic neurotransmission,
synaptic function, pain sensing, metalloproteinases
[7]
and vasculature . The physiopathology of migraine is
complex and the precise mechanisms and pathways
involved remain to be fully elucidated. Many different
neuropeptides, neurotransmitters and brain pathways
have been implicated, but whether pain generates in
central or peripheral structures is a matter of debate. A
review of all of these mechanisms is beyond the scope
of this article, and excellent recent papers by Noseda
[8]
[9]
et al and Burstein et al thoroughly summarize the
current concepts of migraine physiopathology.
Briefly, sequential steps of neurogenic inflammation,
peripheral trigeminovascular input, and central cortico-
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HELICOBACTER PYLORI INFECTION
Interest in a possible association between Helicobacter
pylori (H. pylori) infection (the most relevant cause
of gastritis and peptic ulcer) and migraine first arose
after this microorganism was recognized as the cause
of myriad extra digestive manifestations, including
[11,12]
neurological diseases
. Its association with both
cardiovascular (including typical functional vascular
disorders such as primary Raynaud phenomenon) and
autoimmune diseases has been established, possibly
due to a chronic inflammatory response with local
secretion to the circulatory system of numerous inflam
[11,12]
matory and vasoactive mediators
. Both vascular
and inflammatory hypotheses have been proposed
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[20]

as mechanisms mediating migraine physiopathology,
making a link between H. pylori and migraine at least
plausible enough to warrant investigation.
The evidence for a possible association between
H. pylori infection and migraine is surrounded by
[13]
some controversy. In one study , investigators
performed endoscopic procedures in 31 children with
migraine and abdominal complaints and found a
remarkably high prevalence of esophagitis (41.9%),
corpus gastritis (51.6%), antral gastritis (38.7%) and
duodenitis (87.1%). However, only 7 had H. pylori,
thus failing to support an association between H. pylori
and migraine.
A study assessing 200 subjects affected by primary
headache found a H. pylori infection prevalence of
40%. It also found a higher prevalence of migraine
[14]
without aura in infected patients . A similar study
performed on 225 PWM found that 40% were colonized
by H. pylori, and that the intensity, duration and
frequency of migraine attacks were significantly reduced
[15]
in all patients who underwent H. pylori eradication .
These results were questioned by a later casecontrol study of 103 PWM and 103 control subjects,
in whom the proportion of H. pylori infection was
almost identical; in addition, there were no clinical or
demographic differences between colonized and non[16]
colonized migraine patients . In a follow-up of the
[17]
former study , 175 PWM were compared with 152
matched controls and investigators found no difference
in prevalence of infection (40% vs 39%, respectively).
However, among infected subjects, they found a
significantly higher prevalence of CagA-positive strains
in patients affected by migraine with aura compared
with those affected by migraine without aura (41% vs
19%) and with controls (41% vs 17%), suggesting a
pathogenic role for that specific strain of H. pylori. In
contrast, a group of Turkish investigators compared
the prevalence of H. pylori infection in 70 PWM and
found a greater prevalence when compared to 60
matched controls, as well as a slight clinical benefit
[18]
after eradication therapy .
Besides different H. pylori strains, differences
between migraine subtypes could also explain some
of these inconsistent results. In a study on 49 PWM
without aura, H. pylori infection was more prevalent
compared to controls, and interestingly investigators
also found much higher prevalence in PWM without
family history or hormonal fluctuations, suggesting
that H. pylori infection could be particularly relevant in
[19]
patients with fewer known risk factors for migraine .
However, an earlier study had reported that the
association with H. pylori was exclusive for migraine
[17]
with aura . In an attempt to resolve the controversy
over the epidemiological association between migraine
and H. pylori, a recent meta-analysis that included
five studies and 903 patients found an overall H. pylori
infection rate in PWM of 45%, compared to 33%
in controls, with subgroup analysis finding greater
infection rate of H. pylori in Asian patients compared
to Europeans, but no difference among migraine
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subtypes . Recently, a case-control study dem
onstrated higher IgM antibody titers against H. pylori in
PWM compared to controls; also, they found a positive
correlation between IgG antibody titers and severity of
[21]
migraine . This suggests the importance of H. pylori
active infection in migraine.
The previous epidemiological studies suggested
that eradication therapy could be beneficial for
migraine control, but in a non-controlled setting. In
the only available double-blind, randomized, controlled
clinical trial, 64 patients diagnosed with migrainetype headache were randomized to receive migraine
treatment and H. pylori eradication treatment or
[22]
migraine treatment and placebo . Using the Migraine
Disability Assessment (MIDAS) questionnaire, on
enrollment patients in the treatment group had more
severe symptoms, but these differences disappeared
after completing the study. Analysis of the change in
MIDAS scores between baseline and completion of the
study revealed a slight benefit for the treatment group.
As for possible pathophysiological mechanisms, few
studies have made relevant findings. In small studies
evaluating the redox state of PWM, H. pylori infection
did not influence plasma accumulation of peroxidative
substances, values of nitrite/nitrate concentrations
[23,24]
or expression of systemic nitric oxide
. Others
have speculated that elevated levels of interleukin-10
might be implicated, considering that studies have
shown elevations in this cytokine both in PWM as
well as in patients with infection with H. pylori,
[25,26]
particularly with CagA-positive strains
. This has
a therapeutic implication since the administration of
sumatriptan (5-HT1D receptor agonist) reduces the
[26]
levels of interleukin-10 during a migraine attack .
The serum levels of CGRP, which has been suggested
[27]
as a biomarker for chronic migraine , are also higher
in those with H. pylori-associated duodenal ulcers
[28]
compared with healthy controls .
In conclusion, whereas epidemiological evidence
appears to support an association between migraine
and H. pylori infection, the data is limited and
investigations should focus on subgroups of patients and
of different ethnicities, and should consider the regional
[20]
variations in H. pylori infection . Furthermore,
intervention studies suggest a small benefit for
eradication therapy, but the long-term benefit has
not been established, and a possible intrinsic role for
antibiotic or antacid treatment cannot be ruled out
[29]
completely . Available studies are heterogeneous
in both populations and treatments used, both in
migraine control and H. pylori eradication.

IRRITABLE BOWEL SYNDROME
Irritable bowel syndrome (IBS), considered a neurogastroenterologic functional disorder, shares some
environmental risk factors with migraine (predominately
affecting the female sex and younger individuals), and
could be associated with conditions of smooth muscle
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dysfunction. IBS is associated with a number of extraintestinal manifestations, and both diseases are widely
prevalent and share many somatic and psychiatric
[30]
comorbidities . In systematic reviews of the existing
literature on IBS and its comorbidities, patients were
found to present a 2-fold increase in other somatic
disorders, suggesting a common physiopathological
[31]
mechanism . Indeed, chronic headache was reported
[31,32]
in 34%-50% of all IBS patients
.
Large population-based studies of the prevalence of
IBS and accompanying symptoms show migraine, as
well as heartburn, dyspepsia, flushing, palpitations and
urinary symptoms, to be more common in patients
[33]
with IBS . Specifically, out of 1620 subjects, 350
fulfilled criteria for IBS, and of these, 32% complained
of migraine-type headache, compared with 18%
in controls. Of course, within a population of PWM,
comorbid constellations vary, differing in headache and
psychosocial profiles, highlighting the heterogeneity
[34]
of environmental and genetic factors . Nevertheless,
an epidemiologic association has been since confirmed
by various studies. In a cohort of 208 patients with
IBS, 17% had migraine, compared to 8% in 1240
[35]
controls . A more recent cohort study investigating
97593 IBS patients exhibited a migraine prevalence
[36]
of 6%, compared to 2.2% in healthy controls . A
migraine cohort of 14117 newly-diagnosed patients
presented similar results, with an adjusted incidence of
IBS 1.95-fold higher than in controls (73.87 vs 30.14
per 10000 person-years), particularly in those under
[37]
30 years of age .
There is some indication that comorbid headache
disorders in IBS patients could negatively alter their
clinical course. In a study of IBS patients comparing
first-time attendees with chronic attendees to an
outpatient clinic, 40% of first-time attendees complained
of mild headache and 1% of severe headache,
compared to 59% and 23% of the chronic attendees,
[38]
respectively .
In a prospectively identified, hospital-wide population
of migraine patients, another study found that 70%
of patients met the Rome Ⅲ criteria for concurrent
functional gastrointestinal disorders (FGID), with
[39]
40.4% meeting criteria for IBS . The authors also
demonstrated a clear link between coexistent FGID
symptoms, psychological comorbidity and worse scores
in anxiety/depression scales.
In the search for a common pathogenetic mech
anism for IBS and migraine, neuroendocrine factors,
immunological factors, the brain-gut axis and even the
[30]
intestinal microbiota have been postulated . A role for
serotonin (5-HT) has been postulated in both diseases,
as well as for other factors such as biopsychosocial
dysfunction, heredity, genetic polymorphism, central/
visceral hypersensitivity, somatic/cutaneous allodynia
[30]
and the neurolimbic pain network . Another possible
physiopathologic link could be derived from treatment
studies. A recent small, clinical study, showed that
an IgG-based food elimination diet could reduce
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symptomatology and attack prevalence of both
[40]
disorders in patients with comorbid IBS and migraine .

GASTROPARESIS
Gastroparesis can be defined as delayed emptying
of the stomach in the absence of mechanical
obstruction, and its clinical manifestations include
nausea, vomiting, bloating and weight loss, among
[41]
other symptoms . An association between migraine
and alterations in gastric motility has been noted,
describing this motility disorder as a stomach with a
[42]
functional “vagotomy” . A delay in gastric emptying
time and increased pyloric tone characterized these
alterations. The recognition of GI stasis in PWM led to
initial concerns on the absorption of analgesics and
the effect on therapeutic efficacy, but some authors
emphasized the accentuation of overall distress and
[43]
inconvenience caused by GI symptoms . Studies
confirmed an effect of gastric emptying delay time
over the absorption of paracetamol and acetylsalicylic
[44]
acid, among other common analgesics . One study
established the close association of gastroparesis
with migraine attacks. PWM during a pain-free period
showed normal gastric emptying times measured
with an epigastric impedance method, but these
times were significantly delayed during severe or
moderate attacks, and delay times were significantly
correlated with the intensity of headache, nausea and
[45]
photophobia .
The physiology of emesis during migraine attacks
could, in some manner, mirror those of gastroparesis,
and these considerations have had therapeutic
implications, as both dopaminergic and 5-HT4 agonists
[46]
have prokinetic properties . Early findings of an
apparently normal gastric motility outside of migraine
[45]
attacks
suggested that the physiopathology of
gastroparesis in migraine was mediated by pain
mechanisms, such as adrenergic and endogenous
opiates, or to factors shared with the pathophysiology
of a migraine attack itself. An excessive sympathetic
response coupled with a decreased parasympathetic
[43]
tone has also been postulated . However, a recent
study with gastric scintigraphy showed that gastric
emptying time is delayed in both ictal and interictal
periods, suggesting an alteration in enteric autonomic
[41,47]
function
. Another study showed that PWM have
meal-induced hypersensitivity of the stomach, due to
a low postprandial discomfort threshold, irrespective of
[48]
the presence of dyspepsia .
More recent studies have further characterized
migraine-associated gastroparesis, but these have
also questioned the existence of an alteration outside
the ictal period. Using gastric scintigraphy in 3 PWM,
investigators found that gastric emptying delay occurs
not only in ictal and interictal periods, but also in both
[49]
drug-induced and spontaneous migraine attacks .
However, other groups using similar methods were
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not able to find differences in emptying time between
patients without migraine and PWM in the interictal
[50]
period . Of note, both studies included a very small
sample, and only the latter included an age- and sexmatched control group. In a larger gastric scintigraphy
study, involving 27 PWM and 12 healthy controls, again
[51]
there was no gastric emptying delay interictally .
However, in this study, PWM who experienced other
GI symptoms were excluded. The controversy over
this issue also stems from methodological issues, such
as the criteria used to define gastric emptying delay,
which should be adapted to the specific population
studied, as well as small sample sizes and inadequate
[52]
control group selection .
Although there is enough evidence to link gast
roparesis with migraine, the nature, causes, correlates
and consequences of gastric stasis in migraine are just
[41,53]
beginning to be elucidated
. There is controversy
over whether gastroparesis occurs both ICTALLY and
interictally, but it is clear that it is associated with
increased discomfort and affects the effectiveness and
absorption of orally administered drugs. This suggests
that non-oral formulations of commonly used migraine
medications as well as the addition of prokinetic drugs
[41]
could theoretically offer an advantage . At least one
small trial showed an additive effect of a prokinetic
drug (trimebutine) over the efficacy of rizatriptan, a
[54]
5-HT1B/1D agonist .

HEPATO-BILIARY DISORDERS
There is little evidence linking migraine with hepatobiliary disorders. In a community study on the
prevalence of chronic complaints, migraine and some
types of biliary colic or right upper abdominal quadrant
discomfort occurred together with some regularity,
[58]
but a statistical association was not established . In
another study, 488 healthy patients and 99 migraine
patients reported upper abdominal symptoms,
including unexplained right upper quadrant discomfort.
These symptoms were more than twice as frequent
in PWM, after adjusting for age, sex, smoking and
[59]
consumption of analgesics and alcohol . A study
of twin samples including a cohort of 1200 patients,
found an association between migraine and biliary tract
disorders, with higher ORs in monozygotic twins (OR
[60]
= 3.5) than in dizygotic twins (OR = 1.7-2.7) . Waist
circumference and female sex were also associated
with migraine, but the association with biliary tract
disorders remained even after controlling for these
factors. The stronger association in monozygotic
twins suggests a genetic influence. A weakness of the
study was that the migraine diagnosis was based on
iterated questionnaires and personal interviews and not
guideline-based criteria.
As with other functional GI disorders, such as IBS,
functional biliary tract disorders would be expected
to be more robustly represented in PWM. In a recent
study involving 972 patients with biliary dyskinesia
[61]
(over 80% women), 14.6% were PWM , a proportion
[4,62]
similar to worldwide prevalence
. In this study, 30%
of the cohort presented comorbid anxiety or depression
as well. Interestingly, migraine was an independent
predictor (OR = 2.13) for continued medical resource
utilization (for recurrent attacks of biliary symptoms),
which could suggest a more severe course in PWM.
In experimental studies, cholecystokinin (CCK)
coexists with CGRP in the trigeminal ganglion; and
trigeminal ganglion stimulation was able to induce local
[63]
increases of CCK . CGRP is also able to influence
biliary motility in vitro, and impaired CGRP release
[64,65]
is associated to biliary tract disease in humans
.
This evidence is proposed as a possible common
physiopathologic mechanism linking biliary tract
disorders and migraine, in addition to a possible role of
obesity and female hormones and a vasodilatory effect
[60,66]
of CCK
.
An association between liver disease and migraine
and other headache types is even rarer and of
[67]
dubious physiopathological standing . A recent
cross-sectional study showed that migraine patients
with non-alcoholic fatty liver disease (NAFLD) had
significantly more attacks and a higher frequency
of auras, but also higher waist circumferences and
[68]
metabolic disturbances . The study was not designed
to establish an independent association of NAFLD and
migraine, but did suggest a more aggressive disease
with a simultaneous diagnosis. Obesity and metabolic

OTHER FUNCTIONAL GI DISORDERS
Other functional GI disorders have been linked to
primary headaches, but there is doubt as to a specific
link with migraine. In population-wide registries,
both diarrhea and constipation are significantly more
frequent in headache sufferers compared to the general
population, with no apparent difference between
[10]
PWM and non-PWM . In a cross-sectional study of
326 children, nearly 20% of those who complained
of headaches had constipation, a significantly higher
[55]
number than in controls . However, no such association
was found among PWM. Another retrospective study of
96 patients with primary headache also found comorbid
constipation in 25%, but this was mostly associated
[56]
with tension-type headaches . All studies reported a
close correlation of constipation with headache severity,
suggesting that it is this factor, together with the related
affective and emotional distress, that more adequately
explains the association. In a well-designed web-based
survey aiming to screen for symptoms of reflux, among
1832 PWM, 22% reported having the diagnosis of
GERD, 11.6% reported experiencing heartburn, and
[57]
15.8% reported undiagnosed reflux symptoms . The
most common used medications were triptans but
a significant number used NSAIDS. Whether reflux
symptoms are a side effect of these medications or are
independently associated with migraine is unknown.
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disturbances, which are important determinants of
NAFLD, are also associated with an increased risk of
[69,70]
migraine
.
Based on the available data, CCK, which seems
to have a role in the physiopathology mechanism in
[60,63,66]
migraine
, is released in response to fatty acids in
[71,72]
the proximal intestine
. In this respect, a cross-over
study including 83 PWM randomly assigned to a low
lipid diet or a normal lipid diet found that the number
(2.9 ± 3.7 vs 6.8 ± 7.5, P < 0.001) and severity
[1 pt indicated mild, 2 pts moderate and 3 pts very
severe headache (1.2 ± 0.9 vs 1.7 ± 0.9, P < 0.01)]
of migraine attacks significantly decreased during
[73]
the low lipid diet intervention periods . Likewise, a
cross-sectional study showed that after a weight loss
program, those who achieved a significant weight
loss and metabolic control presented improvement of
[70]
migraine .

between CD and migraine using this test may reflect a
sampling error. In a more recent study of 100 children
with migraine, only 2% had serologic tests positive for
CD antibodies, a finding not different from a control
[82]
group of 1500 healthy subjects . The only positive
study, which included 73 children with migraine, found
that 5.5% of patients have positive celiac antibodies
[83]
compared with 0.6% in the control group . However,
most of the seropositive children had normal duodenal
biopsies, putting in doubt the diagnosis of CD. On the
other hand, only 1 patient out of 147 controls was
seropositive, a prevalence lower than what would be
expected in the general population. Together, this data
does not support screening for CD antibodies in PWM,
but does not exclude a causal link in those affected
with both disorders simultaneously.
The occurrence of few cases of CD in PWM and
the high frequency of headaches in CD provide some
support for a possible asymmetrical association. In a
study of 72 adult patients with biopsy-proven CD who
were screened for neurological disorders, 28% had
[84]
migraine, among other neurological symptoms . A
recent study of 188 patients with proven CD found that
they had a significantly higher prevalence of migraine
headaches compared with controls (OR = 3.79),
particularly in women and those under 65 years of
[85]
age . Additionally, there was a trend of more severe
headaches in CD patients compared with controls. In
a retrospective study of 354 children with CD, 24.8%
had experienced headaches, compared to 8% in an
[86]
age and sex-matched control group . The screening
for migraine in patients with CD would, therefore,
seem to be justified.
The occurrence of more severe headaches in
patients with CD and migraine raises the question of
a possible therapeutic effect of a gluten-free diet. In a
study of 4 PWM and serologically and endoscopically
confirmed CD, a gluten-free diet resulted in complete
remission of migraine symptoms in one patient and
improvement in frequency, duration, and intensity of
[87]
migraine in the other 3 . These improvements were
associated with a reduction in single photon emission
CT regional baseline brain tracer uptake in all 4
patients. Of note, these 4 patients were screened out
of a population of 90 PWM (less than 5%). In another
study of a cohort of Italian patients with CD, migrainetype headaches were more common than in controls
[88]
(32%) and subsided partially with gluten-free diet .
Other large cohorts of CD patients have similarly
described improvement in migraine-type headaches
[86,89]
with dietary intervention
.
Although the link between CD and migraine is not
fully elucidated, they do share many psychosocial and
pathophysiological characteristics. A physiopathological
link is suggested by imaging studies. In a case series of
10 patients with CD and episodic headaches, brain MRI
showed diffuse and heterogeneous hyperintensities
involving white matter, similar to lesions described in
[90]
PWM . The majority of those patients had symptom

CELIAC DISEASE
Celiac disease (CD) is an autoimmune condition that
occurs in those genetically predisposed to dietary
gluten hypersensitivity, affecting about 1% of the
[74]
general population . Besides GI symptoms, it is now
known to have systemic involvement. Neurological
complications are well-known manifestations of CD,
including epilepsy, occipital calcification and migrainelike headaches; also, celiac antibodies have been
described in patients with a wide range of neurological
disorders, including encephalopathy, ataxia, neuropathy
[75]
and myopathy, among others . Nonetheless, it
remains unclear whether gluten sensitivity contributes
to the pathogenesis of these disorders or whether it
represents an epiphenomenon. Moreover, case reports
of patients with concomitant CD and migraine describe
the total disappearance of headaches after treatment
of CD, and others describe particular combinations of
signs and symptoms, such as CD, cerebral calcifications
[76,77]
and migraine
, suggesting the existence of a path
ophysiological association. Other single-case reports
have described migraine as the presenting symptom in
[78]
patients later confirmed to have CD .
The search for antibodies associated with CD in
migraine patients aims at establishing an epidemi
ological and possibly a physiopathological association.
In an early study on the association between celiac
antibodies and children with neurological disorders,
including migraine, epilepsy and hypotonia, among
others, investigators found only 13% of cases of antigliadin IgG antibodies and no cases of endomysial
[79]
antibodies . Cases were not followed up with biopsies,
but none seemed to have clinically evident CD. Another
study involving 25 PWM (ages: 14-37; 22 females)
did not find a single case of anti-gliadin antibodies in
[80]
peripheral blood samples . However, the limitation of
anti-gliadin antibodies is its low diagnostic accuracy;
these antibodies have a high prevalence in normal
[81]
population . Therefore, the reported association
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Table 1 Summary of gastrointestinal disorders associated with migraine
GI disorder
H. pylori
infection

Irritable bowel
syndrome

Gastroparesis

Hepato-biliary
disorders

Celiac disease

Association

Proposed implicated mechanism

Clinical implication

Infection rate of H. pylori: 45% in PWM vs
33% in controls[20]

Chronic inflammatory response with
inflammatory and vasoactive mediators passing
to the circulatory system

Screening of H. pylori infection in
patient with migraine

Main affected:
CagA-positive strains[17]
Asian > Europeans[20]
6%-32% migraine-type headache in IBS
patients vs 2.2%-18% in controls[33,35,36]

↑ Interleukin-10 (CagA-positive strains)[25]
Improvement of migraine with H. pylori
↑ CGRP[28]
eradication[17,18,22]
The brain-gut axis and the intestinal microbiota
Improvement of migraine with
have been postulated[30,95]
elimination diet[40]
Serotonin, biopsychosocial dysfunction,
heredity, genetic polymorphism, central/visceral
hypersensitivity, somatic/cutaneous allodynia,
neurolimbic pain network[30]
During a migraine attack gastric emptying
↑ Sympathetic response[43]
Increase absorption of antimigraine
↓ Parasympathetic tone[43]
delay and impairment of drug absorption
agents by administering
Dysfunction of enteric autonomic system[41,47]
has been demonstrated[44,45]
antidopaminergic and 5-HT4
agonists with antiemetic/prokinetic
properties[46]
Association between migraine and biliary CCK has been found to coexist with CGRP in the Low-fat diet improves frequency and
tract disorders[60]
trigeminal ganglion[63]. When stimulated induce
severity of migraine[73]
Genetic influence:
local increase of CCK which has a vasodilatory
In monozygotic pairs (OR = 3.5)
effect[63,66]. CGRP has shown to influence biliary
In dizygotic pairs (OR = 1.7-2.7).
motility. The impaired CGRP release has been
Among the migraine characteristics, in
In connection with NAFLD: Weight
associated to biliary tract disease in humans[65]
those PWM with NAFLD, the presence of
loss and metabolic control have shown
aura was higher (73.6% vs 26.5%), and the
to improve migraine[70]
disease (9 yr vs 6 yr) and attack (72 h vs
48 h) durations were longer than in those
without NAFLD[68]. Obesity and metabolic
disturbances which are important
determinants of NAFLD are also associated
with an increased risk of migraine[69,70]
28% prevalence of migraine in subject with Neurological complications in CD may be caused The screening for migraine in patients
biopsy-proven CD[84]
by a general inflammatory response[92]
with CD seems to be justified.
Higher prevalence of migraine in biopsyElevated levels of interferon-gamma and
Possible therapeutic effect with glutenproven CD group than in controls (21% vs
TNF-alpha (both independently implicated
free diet[86-89]
[85]
6%, OR = 3.79)
in migraine and CD) modulate neuropeptide
CGRP[93].
Main affected:
Female
Age < 65

GI: Gastrointestinal; PWM: Patients with migraine; CGRP: Calcitonin gene-related peptide; IBS: Irritable bowel syndrome; CCK: Cholecystokinin; NAFLD:
Non-alcoholic fatty liver disease; CD: Celiac disease; TNF: Tumor necrosis factor.

improvement with a gluten-free diet. Authors have
speculated that a state of hypervigilance, associated
with an exaggerated response to future threats and
episodic attacks, could transform a genetically sensitive
nervous system into one susceptible to the alterations
[91]
underlying these chronic and disabling diseases .
Another hypothesis is that neurological complications in
CD may be caused by a general inflammatory response,
rather than be directly antibody-mediated. This idea
is supported by a study that showed no correlation
between neural antigens and neurologic symptoms
[92]
in patients with CD . Hypothetically, elevated levels
of interferon-gamma and tumor necrosis factoralpha, both independently implicated in migraine and
CD, and known to modulate the neuropeptide CGRP,
could explain the apparition/progression of migraine
[93]
symptoms in patients with CD .
A summary of GI disorders associated with migraine,
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proposed physiopathological mechanisms, and clinical
implications is presented (Table 1).

MIGRAINE AND THE GUT MICROBIOME
There is evidence that suggests gut microbiota can
modulate the brain-gut axis through many pathways,
with a potential to influence brain function and
[94,95]
nociceptive behavior
. The intestinal surface
contains 100 trillion microorganisms, separated from
the host by a layer of columnar intestinal epithelial cells.
Indirect links have been made between gut microbiota
and the function of the major pathophysiological
mechanisms associated with migraine: Serotoninergic
[95]
transmission, CGRP activity and cortical reactivity .
Dysbiosis has an impact on immune function, epithelial
barrier permeability, absorption and metabolism of
nutrients affecting, in consequence, GI and central
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Pain

5-HT
TG

Dilatation of
dural vessels

CGRP
IL-10
Gut-brain axis

5-HT precursors

Cytokines
Circulatory
system

T cell

DC

5-HT

H. pylori
CGRP
↑ CGRP
↑ IL-10

Enteroendocrinocyte

Intestinal
epithelium
Barrier
permeability

Dysbiosis

Tryptophan

Figure 1 Role of the gut microbiota in migraine. Immunological, endocrine, metabolic and neural signals are important pathways by which the gut microbiota
influences brain functions. Altered gut microbiota (dysbiosis) affects the normal assimilation of nutrients (tryptophan metabolism), barrier permeability, mucosal
immune and enteroendocrine cells, affecting in turn some communication pathways; this results in the production of gut peptides (↑ CGPR) by certain microbes,
abnormal release of cytokines (↑ IL-10) and hormones (↓ 5-HT). H. pylori also plays a role in the release of cytokines (IL-10) and CGRP. The increased cytokines and
CGRP levels, as well as the decreased 5-HT levels, modulate the vasodilatory response of dural vessels, triggering and perpetuating migraine attacks. DC: Dendritic
cell; 5-HT: 5-hydroxytryptamine; IL: Interleukin; CGRP: Calcitonin gene-related peptide; TG: Trigeminal ganglion; H. pylori: Helicobacter pylori.

nervous system (Figure 1).
The serotoninergic system has been shown to
be differentially affected by the gut microbiota in
experimental studies. Whole-brain tryptophan, tyrosine
and glutamine levels are lower in germ-free mice
[96]
compared to those re-colonized by normal microbiota ,
while concentrations of 5-HT and 5-hydroxyindoleacetic
acid in hippocampal slices are elevated in germ-free
[97]
mice . Furthermore, circulating levels of 5-HT and
tyrosine are elevated in germ-free animals, compared
[97,98]
to those with normal gut microbiota
.
CGRP functions not only as a transmitter but also
as a gut hormone, and its signaling could be influenced
[99]
by microbiota through multiple pathways . Although
studies demonstrate changes in the expression of
sensory-related peptides in the gut by modulating the
whole microbiome, no direct effect has been found
[100]
for CGRP
. However, at least one study did show
that after treatment with the probiotic Pediococcus
acidilactici, the number of CGRP-immunoreactive
neurons increased in the submucosal plexus ganglia
[101]
of the small intestine , although no such effect was
[102]
observed with Saccharomyces boulardii .
Whether the gut microbiome has any effects on
large-scale cortical function is a matter of theoretical
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debate. In an interesting study, a group of healthy
volunteers who were given fermented milk product
with probiotics (Bifidobacterium animalis subsp Lactis,
Streptococcus thermophiles, Lactobacillus bulgaricus,
and Lactococcus lactis subsp Lactis) showed a reduced
task-related response of a distributed functional network
in affective and viscerosensory cortices on functional
[103]
MRI
. The results of a small, non-randomized trial,
including 29 migraine patients, showed a significant
reduction in migraine severity after 12 wk of probiotic
[104]
supplementation compared to baseline . Moreover, an
open-label study using a combination of two nutritional
formulations (combination A: Enzymatically rendered
fish protein high in bioactive peptides and amino
acids plus probiotics and chlorophyll; combination
B: Composed of 21 different ingredients designed to
improve the nutritional status of the kidneys and liver)
demonstrated a significant and sustained improvement
in quality of life (determined by the Migraine Specific
Quality of Life Questionnaire), supporting the idea
that dysbiosis and altered assimilation of nutrients
could have an important role in the physiopathology of
[105]
migraine .
There is no direct evidence to conclusively support
that the gut microbiome can affect migraine. However,
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Table 2 Future areas of interest on gastrointestinal disorders associated with migraine
Unanswered questions and future directions
H. pylori
Ethnicity difference between H. pylori and migraine association
Effects of different eradication therapy schemes in migraine
Impact of routine screening for H. pylori infection in PWM
Intrinsic role for antibiotic or antacid treatment used for H. pylori eradication in migraine
Effect of triptans (5-HT1B and 5-HT1D receptor agonist) in PWM depending their H. pylori infection status
Irritable bowel syndrome
Role of gluten-, wheat- and FODMAP-free diets in migraine
Effect of “dysbiosis” over serum level of cytokines and neurotransmitters in migraine
Gastroparesis
Nature, causes and consequences of gastroparesis in migraine
Determination of gastroparesis occurrence during the ictally and interictally periods in migraine
Hepato-biliary disorders
Prevalence of hepato-biliary disorders in different populations
Role of CCKB (CCK-2) receptor antagonists in migraine
Role of CCKA (CCK-1) receptors agonist in the treatment of obesity and migraine
Effect of coffee consumption in migraine in patients with NAFLD
Celiac disease
Routine screening for migraine in patients with CD
Role of interferon-gamma and TNF-alpha in the apparition/progression of migraine in patients with CD
Microbiome
Effects of normal microbiota and dysbiosis in CRGP regulation and expression
Effects of normal microbiota and dysbiosis in the serotoninergic system and migraine
Role of fecal microbiota transplantation in migraine
Other GI disorders
Reflux symptoms in patients with migraine as cause of the disease itself or a side effect of antimigraine medications
PWM: Patients with migraine; CCK: Cholecystokinin; NAFLD: Non-alcoholic fatty liver disease; CD: Celiac disease; TNF: Tumor necrosis factor; CGRP:
Calcitonin gene-related peptide; GI: Gastrointestinal; H. pylori: Helicobacter pylori.

the prospects of a therapeutic strategy based on
probiotic dietary interventions or modifications of the
gut microbiome, considering that these would intuitively
have a high safety profile and cost-effectiveness, make
this issue an interesting topic for further research.

options for specific GI disorders have shown to improve
frequency and severity of migraine attacks. Also,
based on the implicated mechanisms, some screening
measures (e.g., H. pylori infection) seem to be justified
in PWM. Treatment of GI comorbidities in migraine
might not only lead to a better quality of life but could
also open roads for novel therapeutic strategies for this
prevalent and disabling disease.

FUTURE AREAS OF RESEARCH
Several unanswered questions arise related to this
topic. Therefore, further research in GI disorder
associated to migraine is warranted in order to evaluate
the real impact of some screening and therapeutic
measures as well as to clearly define the common
inflammatory and neurotransmitter pathways in GI
disorders and migraine (Table 2).
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A growing body of epidemiologic research has demons
trated that metabolic derangement exists in patients
with hepatitis B virus (HBV) infection, indicating
that there are clinical associations between HBV
infection and host metabolism. In order to understand
the complex interplay between HBV and hepatic
metabolism in greater depth, we systematically
reviewed these alterations in different metabolic
signaling pathways due to HBV infection. HBV infection
interfered with most aspects of hepatic metabolic
responses, including glucose, lipid, nucleic acid, bile acid
and vitamin metabolism. Glucose and lipid metabolism
is a particular focus due to the significant promotion of
gluconeogenesis, glucose aerobic oxidation, the pentose
phosphate pathway, fatty acid synthesis or oxidation,
phospholipid and cholesterol biosynthesis affected by
HBV. These altered metabolic pathways are involved
in the pathological process of not only hepatitis B, but
also metabolic disorders, increasing the occurrence
of complications, such as hepatocellular carcinoma
and liver steatosis. Thus, a clearer understanding of
the hepatic metabolic pathways affected by HBV and
its pathogenesis is necessary to develop more novel
therapeutic strategies targeting viral eradication.
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Core tip: Currently, hepatitis B virus (HBV) infection
still poses a serious threat to public health, and causes
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controls fatty acid β-oxidation and is a crucial regulator
[10]
of genes involved in the cellular fasting response .
FXR, activated by bile acids, is a molecular link
[11]
between lipid metabolism and bile acid . Thus, it
indicates that HBV has adopted a smart mode of
regulation, which is similar to that of major hepatic
metabolic genes, implying that there is an association
between metabolism and HBV infection. Our previous
work also suggested that activation of fatty acid
oxidation-associated PPARα was required for fasting[12]
induced HBV transcription .
Accumulating epidemiologic evidence has shown that
there is still debate regarding the clinical associations
between HBV infection and host metabolism. For
instance, patients with chronic HBV infection, com
pared with healthy adults, have lower triglyceride
(TG) and high-density lipoprotein (HDL) levels, but a
[13]
[14]
higher adiponectin level . A review by Janicko et al
described strong correlations between CHB and the
metabolic syndrome, non-alcoholic fatty liver disease
or dyslipidemia, whereas an inconclusive association
between diabetes mellitus and CHB has also been
described. However, in metabolic signaling pathways,
an increasing number of studies have shown that HBV
modulates all aspects of host hepatic metabolism.
In order to understand the unique interplay between
HBV and hepatic metabolism in greater depth, we
systematically reviewed these alterations in metabolic
signaling pathways due to HBV infection.

approximately 1 million deaths annually due to HBVrelated liver diseases. Thus, investigation into the
complex host cellular responses to HBV infection is a
crucial area of research. Multiple epidemiologic data
have proved that patients with HBV infection often
have metabolic disorders. Therefore, we systematically
reviewed the alterations in metabolic response to
HBV infection with regard to molecular mechanisms.
Deciphering the detailed interplay mechanisms would
contribute to our understanding of HBV-induced
pathological processes and may lead to nutritional
therapies as new anti-HBV treatments.
Shi YX, Huang CJ, Yang ZG. Impact of hepatitis B virus
infection on hepatic metabolic signaling pathway. World J
Gastroenterol 2016; 22(36): 8161-8167 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i36/8161.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i36.8161

INTRODUCTION
Chronic hepatitis B (CHB) is a serious global health
concern, which is estimated to affect approximately
350 million people worldwide and carries a significantly
increased risk of serious liver disorders including liver
cirrhosis, hepatic decompensation or hepatocellular
carcinoma (HCC). Approximately, one million deaths
[1,2]
occur each year due to CHB and its complications .
However, the intrinsic mechanisms of hepatitis B
virus (HBV)-induced diseases are unclear, and no
complete cure is currently available for CHB. Thus, an
investigation of the complex host responses to HBV
infection is a crucial area of research, which in turn
could provide a more thorough understanding of the
pathogenesis and potential novel targets in antiviral
drug discovery.
The HBV genome (3.2 kb) is a partially doublestranded, relaxed circular DNA, mainly controlled
through the transcriptional activation of four promoters
(core, X, pre-S1 and pre-S2/S) and two enhancers
[3-6]
(EnhI and EnhII)
. The recruitment of cellular
transcription factors to the binding sites of HBV genome
could regulate virus transcription. Some of these
transcription factors are ubiquitous nuclear receptors
such as C-AMP-response element binding protein,
specificity protein 1, prospero-related homeobox
protein and nuclear respiratory factor 1; some are liverenriched nuclear receptors such as hepatocyte nuclear
factor 4, alpha (HNF4a), CAAT enhancer-binding
protein, peroxisome proliferator-activated receptors,
alpha/retinoid X receptors, alpha (PPARa/RXRa) and
[7,8]
farnesoid X receptor (FXR) .
Interestingly, the native role of most HBV-bound
transcription factors is the coordination and control
[8]
of hepatic metabolism . For example, HNF4a plays a
[9]
key role in glucose metabolism in the liver . PPARa

WJG|www.wjgnet.com

HBV AND GLUCOSE METABOLISM
Glucose homeostasis is regulated by balancing the
[15]
output and the storage of glucose . Glucose meta
bolism in hepatocytes can be divided broadly into
two categories: anabolism and catabolism, including
gluconeogenesis, glycolysis, aerobic oxidation and the
pentose phosphate pathway.
Previous studies indicated that HBV infection
could affect either gluconeogenesis or glucose aerobic
[16]
oxidation. According to the study by Park , hepatitis
B virus X protein (HBx) functions as an important
positive regulator of gluconeogenesis. In HBxoverexpressing (HBxTg) mice and inducible nitric oxide
synthase (iNOS)-knocked out HBxTg mice, increased
HBx expression significantly up-regulated the gene
expression of hepatic key gluconeogenic enzymes
(PEPCK, G6Pase) and the production of hepatic
glucose, leading to hyperglycemia and impaired
glucose tolerance. These effects are considered to be
mediated through the nitric oxide (NO)/JNK pathway.
However, other studies have demonstrated that HBV
can promote glucose aerobic oxidation. By combining
proteomics, metabolomics and molecular biological
assays in HepG2.2.15 and HepG2 cell models, Li et
[17]
al provided a holistic view of the interplay between
host metabolism and HBV. They pointed out that
enzymes which regulate the glycolysis pathway, such
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as fructose-bisphosphate aldolase, alpha enolase,
triosephosphate isomerase, phosphoglycerate
kinase 1 and glucose-6-phosphate isomerase, and
enzymes involved in the tricarboxylic acid (TCA) cycle,
including malate dehydrogenase, citrate synthase
and succinate dehydrogenase, are all significantly upregulated in HepG2.2.15 cells, subsequently leading to
elevated levels of corresponding intermediates, such
as lactate in glycolysis and fumarate, succinate and
2-oxoglutarate in the TCA cycle. These data suggested
that glycolysis and the TCA cycle are stimulated in
host cells due to HBV infection. In addition, another
study revealed that a HBV pre-S2 mutant could induce
aerobic oxidation via activation of MTOR signaling,
[18]
which may contribute to HBV tumorigenesis .
Furthermore, HBV infection could promote the
pentose phosphate pathway (PPP). Overexpression of
HBx caused the nuclear translocation and activation
of NF-E2-related factor 2, resulting in up-regulation
of glucose-6-phosphate dehydrogenase, which
is the first and rate-limiting enzyme of the PPP
converting glucose-6-phosphate into 6-phosphog
[19]
luconolactone . Enhancement of the PPP by HBxmediated elevation of G6PD provided host cells with
more ribose for nucleotide biosynthesis to support
their proliferation, which might contribute to HBVassociated hepatocarcinogenesis. The change in
G6PD was also supported by a systems biology
[17]
model . It was reported that G6PD participating in
the PPP was markedly increased, accompanied by
elevated nucleotide levels, such as AMP, ADP, uridine
59-diphosphate and inosine-59-monophosphate.

and ATP levels under glucose deprivation, which is of
great importance for HCC cell survival under conditions
of metabolic stress.
Recently, accumulating evidence from experimental
investigations has suggested that HBV infection is
a potential trigger of liver steatosis. HBx can induce
hepatic steatosis at all aspects, such as increasing
fatty acid binding, promoting lipid synthesis and in
hibiting secretion of apolipoprotein (Figure 1). Fatty
acid binding protein 1 (FABP1), responsible for the
uptake, metabolism and transport of long-chain fatty
[24]
acids (LFA) , plays a key role in intracellular fatty
[25]
acid utilization and transport . Forced expression of
HBx induced liver steatosis through up-regulation of
FABP1, whereas gene silencing of FABP1 blocked lipid
[26]
accumulation in both in vivo and in vitro models . LXR,
SREBP1 and PPARγ are master regulators in hepatic
lipogenesis: LXR directly induces expression of SREBP1,
[27]
which up-regulates lipogenic genes ; activation of
LXR also stimulates adipocyte differentiation through
[28]
induction of PPARγ expression . Both are suggested
to be of vital importance in hepatic lipid accumula
tion. Several studies have demonstrated that HBx
increased the gene expression and transcriptional
activity of LXR-mediated SREBP1 and PPARγ, thereby
inducing the expression of hepatic lipogenic genes
(fatty acid synthase, stearoyl-CoA desaturase, acetylCoA carboxylase) and adipogenic genes (adipsin,
adiponectin, aP2/adipose fatty acid–binding protein),
finally accompanied by the accumulation of lipid
[29-32]
droplets
. Apolipoprotein B (apoB), required for the
secretion and assembly of low-density lipoproteins (LDL)
and very low-density lipoproteins (VLDL), is assembled
[33-35]
into a secretion-competent particle with lipids
.
It has been reported that HBx mediated aberrantly
glycosylated apoB by elevating the expression of
N-Acetylglucosaminyltransferase Ⅲ (GnT-Ⅲ) resulted
in inhibition of apoB secretion as well as intracellular
[36]
accumulation of cholesterol and triglyceride .
In addition, phospholipid and cholesterol meta
bolism are also altered by the presence of HBV.
Phosphatidylcholine (PC) is a major component of the
[37]
biological membrane , and acts as a precursor for the
[38]
synthesis of lipid signaling molecules . In comparison
with HepG2, the key enzymes participating in PC
synthesis, such as choline-phosphate cytidylyltransferase
A, choline kinase a, choline phosphotransferase 1 and
choline/ethanolamine phosphotransferase 1 are all
up-regulated in HepG2.2.15 cells, consistent with the
elevated levels of phosphocholine and reduced levels
[17]
of choline . These results strongly indicate that
HBV infection can promote the biosynthesis of PC.
Cholesterol, a type of lipid different from triglyceride
and phospholipid, has two essential metabolic fates:
[39]
conversion into bile acids or steroid hormones . HBVinfected humanized mice displayed a significant increase
in human genes related to the uptake, biosynthesis,
and transcriptional regulation of cholesterol, such
as low-density lipoprotein receptor (LDLR), hydroxy

HBV AND LIPID METABOLISM
The liver, the main organ for the synthesis and
circulation of lipids (e.g., fatty acids, fats, phospholipids
and cholesterol), oxidation of fatty acids and the
production of ketone bodies, plays an important role in
[20]
lipid metabolism .
A significant amount of basic research has indi
cated that HBV infection has an effect on fatty acid
metabolism. Many, but not all, studies have shown
that HBV can promote the synthesis of fatty acids.
Based on HPLC/MS analysis and two-dimensional
electrophoresis (2-DE), fatty acid binding 5 and AcylCoA binding protein implicated in fatty acid metabolism
and synthesis, which can bind Acyl-CoA and fatty
acids with high affinity, are markedly increased in
[21]
hepatitis B virus transgenic mice (HBV-Tg mice) .
HBV-influenced genes in lipid biosynthetic pathways
in HBV-Tg mice were identified by cDNA microarray
analysis, in which retinol binding protein 1 (RBP1),
sterol regulatory element binding protein 2 (SREBP2),
ATP citrate lyase and fatty acid synthase (FAS) were
[22]
all strongly upregulated . However, in contrast to the
[23]
above studies, Wang et al
recently proposed that
up-regulation of HBx could facilitate fatty acid oxidation
(FAO) and subsequently maintain intracellular NADPH
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Figure 1 The molecular mechanisms contributing to liver steatosis following hepatitis B virus infection. Hepatitis B virus (HBV) infection can induce the
accumulation of lipids via three different regulatory mechanisms, including elevated expression of FABP1, up-regulation of LXR, SREBP1 and PPARγ and increased
expression of GnT-Ⅲ. On the one hand, up-regulation of FABP1 would increase fatty acid binding and transport. On the other hand, induction of LXR-mediated
SREBP1 and PPARγ would result in increased transcriptional activity of hepatic lipogenic genes (FAS, SCD, ACC) and adipogenic genes (adipoQ, adipsin, AP2).
In addition, elevation of GnT-Ⅲ would cause glycosylation and dysfunction of apoB, finally leading to reduced secretion of VLDL (containing apoB, CHO and TG).
LFA: Long-chain fatty acids; FABP1: Fatty acid binding protein 1; FAS: Fatty acid synthase; SCD: Stearoyl-CoA desaturase; ACC: Acetyl-CoA carboxylase; adipoQ:
Adiponectin; AP2: aP2/adipose fatty acid–binding protein; apoB: Apolipoprotein B; GnT-Ⅲ: N-Acetylglucosaminyltransferase Ⅲ; CHO: Cholesterol; TG: Triglyceride;
VLDL: Very low density lipoproteins.

methylglutaryl-coenzyme A reductase (HMGCR) and
[40]
SREBP2 . Another study provided evidence that HBV
exacerbated hepatic cholesterol accumulation via up[41]
regulation of LDLR and HMGCR in HepG2 cells .

and NHEJ1) and intermediates of nucleic acid metabo
lism (guanosine, inosine and uridine), which in turn
blocked DNA repair and probably contributed to the
development of HCC.

HBV AND NUCLEIC ACID METABOLISM

HBV AND BILE ACID METABOLISM

It is well known that the main function of the nucleotide
is the biosynthesis of nucleic acids. Many studies have
reported that DNA damage can cause abnormalities in
[42]
nucleic acid metabolism . HBV infection also influences
this process via HBx-induced DNA damage, which may
[43]
result in the onset of hepatocarcinogenesis . Thus,
identifying the distinguishing nucleic acid metabolites
under HBx induction may help to understand the
[44]
occurrence of HCC. A new study using a systematic
approach combining metabonomics and mRNA micro
array analysis indicated that HBx could initially induce
DNA damage and then disrupt nucleic acid metabolism,
resulting in a significant decrease in DNA damagerelated genes (BRCA1, TP53, RPA1, DDB1, TCEA1

Bile acid, mainly synthesized in the liver from cho
lesterol, plays a key role in the digestion and absorption
[45]
of lipids . Human NTCP (SLC10A1), located in the
basolateral membrane of hepatocytes, functions as a
main transporter to mediate entry of bile salts from
[46]
portal blood into hepatocytes .
Recently, the detection of NTCP, acting as a func
tional entry receptor for HBV, clearly represents a
[47]
typical milestone in our knowledge of HBV infection .
HBV exploits NTCP for species-specific entry into
[48]
hepatocytes . Hence, emerging evidence demonstrated
the probable association between HBV infection and
[49]
bile acid. Yan et al
showed that the HBV pre-S1
lipopeptide efficiently blocked the uptake of bile salts
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Figure 2 Changes in the hepatic metabolic signaling pathway induced by hepatitis B virus infection. Alterations in related signaling pathways (including
glucose, lipids, nucleic acids, bile acids and vitamins) following hepatitis B virus (HBV) infection are marked and highlighted in this figure. The influence of HBV
infection on vitamin D metabolism is unclear.

by NTCP, suggesting that HBV infection may limit the
physiological function of NTCP. Reduced bile salts could
promote compensatory bile acid synthesis to maintain
[50,51]
its homeostasis
. This compensation was confirmed
by the strong induction of hCYP7A1 (the rate-limiting
enzyme converting cholesterol to bile acid), decreased
FXR (the positive transcription factor of SHP) nuclear
translocation and significant reduction of SHP (the
corepressor of hCYP7A1 transcription) in human liver[40]
chimeric uPA/SCID mice infected with HBV .

CONCLUSION
In conclusion, we have systematically outlined the
hepatic metabolic responses to HBV infection in
this review. According to the above observations,
multiple studies combining systematic approaches
and molecular biological assays found that, from the
molecular mechanism perspective, HBV infection
interfered with the hepatic metabolic signaling pathway
(Figure 2), including glucose, lipid, nucleic acid, bile
acid and vitamin metabolism, ultimately resulting in
metabolic derangement. Furthermore, these altered
metabolic pathways may also contribute to the patho
logical processes of other HBV-induced diseases,
such as hepatocellular carcinoma. Therefore, in this
review, deciphering the molecular mechanisms of the
metabolic pathways during HBV infection has shed
new light on the pathological processes, and provides a
new, revolutionary, potential means of directly fighting
against this virus.

HBV AND VITAMIN METABOLISM
Vitamin A, including retinol, retinal and retinoic
acid, plays a critical role in visual function as well
[52]
as cell growth and differentiation . Previous data
provided evidence that retinoic acid could enhance
HBV transcription and replication through activation
[53,54]
of RXRa
. Most interestingly, another study
demonstrated that HBV infection could promote
retinol metabolism-related proteins RBP, CRBP1 and
[55]
ALDH1 as shown by 2-DE and MS/MS analysis .
It is reasonable that more retinol would be pumped
into cells and converted into retinoic acid during HBV
infection. HBV infection may up-regulate retinoic
acid by promoting retinol metabolism and thereby
facilitating self- replication through activation of RXRa,
leading to an increased risk of liver damage, which
[56]
was considered a positive feedback .
Vitamin D, including its bioactive vitamin D
metabolite [1,25(OH)2D3] and stable, easy-to-quantify
metabolite (25(OH)D3), plays an emerging role in
[57]
metabolic and inflammatory liver diseases . A study
has demonstrated a significant association between
low levels of serum 25(OH)D3 and high HBV DNA
[57]
levels in CHB patients . However, the molecular
mechanism underlying inverse seasonal fluctuations of
HBV DNA and 25(OH)D3 serum levels still remains to
be elucidated.
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Abstract
AIM
To investigate expression of four alpha-carbonic
anhydrases (CAs) in colorectal carcinomas (CRC) and
compare the results with patients’ survival.
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METHODS
Colorectal carcinoma samples from 539 CRC patients
and control tissues were arranged as tissue microarrays
and analyzed with antibodies against CA Ⅱ, CA Ⅶ, CA
Ⅸ, and CA XII. Intensity and extent of staining were
both scored from 0 to 3 in each sample. These enzyme
expression levels were then correlated to patients’
survival and clinicopathological parameters, which were
tumor differentiation grade and stage, site of tumor,
patients’ age, and gender. Kaplan-Meier analysis
and Cox regression hazard ratio model were used to
analyze survival data.

World J Gastroenterol 2016; 22(36): 8168-8177 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i36/8168.htm
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INTRODUCTION
Colorectal cancer (CRC) is the most common mali
gnancy of the gastrointestinal (GI) tract; it is the
second most common cancer in women and third in
[1]
men . Its incidence shows substantial geographical
variation, resulting in a 10-fold difference between
[1]
some countries . The high number of patients with
CRC, precancerous lesions or polyps causes significant
challenges to national healthcare systems, their
chances to recognize tumors at an early stage, as well
as possibilities to offer the most effective treatment.
According to recent data the incidence of CRC is rising
in many traditionally low-incidence countries like
Japan, Korea, China, and Eastern Europe, which is
thought to be a result of cultural and dietary changes
[1]
towards a Western lifestyle . Even though the overall
incidence is increasing, at the same time some positive
development has occurred in many previous highrisk countries due to more effective diagnostics and
treatment.
CRC usually develops from precursor lesions, i.e.,
[2]
colonic adenomas . The prevalence of adenomas
clearly increases by age. Postmortem studies indicate
that 30%-40% of individuals from Western countries
[3]
have adenomas, most of them asymptomatic .
A majority of these are benign and never turn
[2]
malignant . In familial syndromes, younger patients
develop adenomas which proceed to cancer with a
[2-4]
much higher frequency . Removal of precancerous
lesions at colonoscopy prevents them from proceeding
to cancer. Thus, early diagnosis and complete removal
of precancerous lesions are key factors for successful
outcome.
The diagnostic arsenal in CRC includes several
clinicopathological parameters, which can be utilized to
determine the malignancy and prognosis. They include
tumor stage according to the TNM (tumor, nodes,
metastasis), Dukes or Astler-Coller classification, as
well as tumor grade, microsatellite instability, and
molecular markers, recently reviewed by Marzouk and
[5]
Schofield . The intensively studied molecular markers
include such as tumor suppressor gene p53 and its
[6,7]
mutations as well as antigen Ki-67 . However, new
biomarkers are urgently needed to predict survival
and improve stratification of CRC patients for different
treatment options.
Carbonic anhydrases (CAs) constitute a group of
zinc-binding enzymes, which catalyze the reversible
hydration of CO2 to bicarbonate. This reaction is crucial
for maintenance of pH homeostasis of the body.
Through this chemical reaction they are involved in
several downstream physiological processes, such as

RESULTS
CA Ⅱ and CA XII staining intensities correlated with
patients’ survival in that higher expression indicated
poorer prognosis. In Cox regression analysis one
unit increase in the CA Ⅱ intensity increased the
hazard ratio to 1.19 fold (CI: 1.04-1.37, P = 0.009). A
significant correlation was also found when comparing
CA XII staining intensity with survival of CRC patients
(HR = 1.18, 95%CI: 1.01-1.38, P = 0.036). The extent
of CA XII immunostaining did not correlate to the
patients’ survival (P = 0.242, Kaplan-Meier analysis). A
significant interaction between age group and extent
of the CA Ⅱ staining was found. Increased extent of
CA Ⅱ had a significant hazard ratio among patients 65
years and older (1.42, 95%CI: 1.16-1.73, P = 0.0006).
No correlations were found between CA Ⅶ (intensity P
= 0.566, extent P = 0.495, Kaplan-Meier analysis), or
CA Ⅸ (intensity P = 0.879, extent P = 0.315, KaplanMeier analysis) immunostaining results and survival, or
the other parameters.
CONCLUSION
The present findings indicate that CA Ⅱ and CA XII
could be useful in predicting survival in CRC.
Key words: Biomarker; Carbonic anhydrase; Colorectal
cancer; Immunohistochemistry; Prognosis; Survival
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our aim was to investigate expression of four
alpha-carbonic anhydrases (CAs) in colorectal carcinomas
(CRC) and compare the results with patients’ survival.
CRC samples were arranged as tissue microarrays and
analyzed with antibodies against CA Ⅱ, CA Ⅶ, CA Ⅸ,
and CA XII. Enzyme expression levels were correlated
to patients’ survival and clinicopathological parameters.
CA Ⅱ and CA XII staining intensities correlated with
patients′ survival in that higher expression indicated
poorer prognosis. The present findings indicate that CA
Ⅱ and CA XII could be useful in predicting survival in
CRC.
Viikilä P, Kivelä AJ, Mustonen H, Koskensalo S, Waheed A, Sly
WS, Pastorek J, Pastorekova S, Parkkila S, Haglund C. Carbonic
anhydrase enzymes Ⅱ, Ⅶ, Ⅸ and XII in colorectal carcinomas.
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in the brain, where it contributes to bicarbonate-driven
[16]
GABAergic excitation . A recent study showed that CA
Ⅶ is overexpressed in glioblastomas, suggesting that it
[17]
may represent another tumor-associated CA isoform .
CA Ⅸ has attracted lots of attention, because
its expression is limited to few normal tissues, such
as gastric, intestinal and gall bladder epithelia, but
[9,18,19]
it is highly overexpressed in hypoxic tumors
.
CA XII is another isoform, which is overexpressed
in several cancers, even though it is also present in
various normal tissues. It has been demonstrated to
be present in both normal intestinal epithelium and
[9,19,20]
malignant colorectal tumors
. CA Ⅸ and XII are
known to be regulated via von Hippel Lindau / hypoxia
[21]
inducible factor pathway .
The aim of this study was to investigate the
expression of isozymes CA Ⅱ, CA Ⅶ, CA Ⅸ, and CA
XII in CRC. The immunohistochemical expression levels
were correlated to clinicopathological data. Our results
show that both CA Ⅱ and CA XII staining intensities
correlate with survival rate of CRC patients, suggesting
a potential role of these enzymes as prognostic
biomarkers.

Table 1 Patient characteristics
n (%)
Total
Sex
Male
Female
Age
< 65 yr
≥ 65 yr
Tumor location
Right side of colon
Left side of colon
Rectum
Stage
Dukes A
Dukes B
Dukes C
Dukes D
Differentiation (grade)
High
Medium high
Medium low
Low

539 (100)
294 (54.5)
245 (45.5)
231 (42.9)
308 (57.1)
157 (29.1)
138 (25.6)
244 (45.3)
82 (15.2)
191 (35.4)
136 (25.2)
130 (24.1)
19 (3.5)
352 (65.3)
141 (26.2)
27 (5.0)

bone resorption, vision, and production of saliva, bile,
[8-10]
pancreatic juice and gastric juice
. The mammalian
alpha-CA family includes 16 known isoforms of which
15 can be found in humans. These isoforms show
marked differences in their kinetics and cellular and
[8,9]
subcellular distributions .
Under hypoxic conditions cells produce acidic
metabolic products via anaerobic glycolysis. This
pathway is inhibited in the presence of enough
oxygen. Notably, tumor cells have a tendency to
upregulate glucose intake and increase the rate of
anaerobic glycolysis even when the amount of oxygen
[11]
is sufficient . Tumor cells need CA enzymes and
many other proteins, such as ion transporters, to
[12]
maintain neutral intracellular pH . During this process
extracellular pH decreases, which in turn, disturbs
physiological processes of the surrounding normal
[11,13]
tissue and promotes cancer growth
. Indeed,
increased glucose intake and hypoxia are often linked to
more aggressive and invasive tumor growth, signs that
[11]
correlate with poor prognosis . It has been suggested
that partial hypoxia may contribute to cell selection,
favoring a shift from a pre-malignant phenotype to
more malignant forms, in which the oxygen free meta
bolism plays a major role in making it possible for cells
[11]
to survive in challenging hypoxic environments .
During the last 20 years, CA proteins have been
studied as potential markers for various cancers.
Cytosolic CA Ⅱ is the most widely expressed isoform in
normal tissues, such as gastric, pancreatic, biliary, and
[9,14]
intestinal epithelia
. It is often absent or only weakly
expressed in malignant tumors. Recently, CA Ⅱ was
shown to be highly overexpressed in gastrointestinal
stromal tumors, and it was suggested as a potential
[15]
biomarker for this mesenchymal tumor type . CA Ⅶ,
another cytosolic isozyme, shows a more restricted tissue
distribution than CA Ⅱ. It is predominantly expressed

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients

In total, 840 patients underwent surgery for CRC at
Helsinki University Hospital during years 1983-2001.
Tissue specimens and clinical data from 645 patients
were available for our study. These tumors were
classified with Dukes classification which was a
standard classification system during the sample
collection period. No information of TNM - classification
was available for the analysis. The Ethical Committee
of Helsinki University Hospital (Dnro 226/E6/2006) and
National Supervisory Authority for Welfare and Health
(Dnro 10041/06.01.03.01/2012) granted permission
for the use of these samples. Survival data were
available for all patients and obtained from patient
records, the Finnish Cancer Registry and Statistics
Finland. The clinicopathological characteristics of the
patients are described in Table 1.

Immunohistochemical analysis

Tumor samples were arranged as tissue microarrays.
Three parallel series included one tumor sample each
taken with a 1 mm needle. Of 645 patient samples
we obtained, 106 ended up with no scoring results,
because samples were washed out or displaced during
the staining process. The remaining 539 samples were
considered representative enough to be analyzed and
scored. Each microscope slide contained four spots of
normal human pancreas as positive controls. Five µm
sections of formalin-fixed paraffin embedded tumor
specimens were deparaffinised and immunostained
with rabbit anti-human CA Ⅱ, CA Ⅶ, and CA XII
sera or with monoclonal anti-human CA Ⅸ antibody
(M75). These antibodies have been previously
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Table 2 Summary of carbonic anhydrases stainings

CA Ⅱ epithelium intensity
CA Ⅱ epithelium extent
CA Ⅱ endothelium
CA Ⅶ epithelium intensity
CA Ⅶ epithelium extent
CA Ⅶ stromal intensity
CA Ⅶ stromal extent
CA Ⅸ epithelium intensity
CA Ⅸ epithelium extent
CA XII epithelium intensity
CA XII epithelium extent

Mean

SD

Median

Mode

25%

75%

1.8
2.2
0.9
1.4
2
2.8
2.8
1.7
1.6
1.5
2

1.1
1.1
0.3
1
1.2
0.5
0.5
1.2
1.2
0.9
1.1

2
3
1
1
3
3
3
2
2
1
2

3
3
1
1
3
3
3
3
3
2
3

1
2
1
1
1
3
3
0
0
1
1

3
3
1
2
3
3
3
3
3
2
3

utilized in numerous studies and are specific for
[22-25]
each isozyme
. Immunoperoxidase staining was
performed in an automated Lab Vision Autostainer 480
(LabVision Corporation, Fremont, CA, United States)
by Power Vision+ Poly-HRP Immunohistochemistry
kit reagents (ImmunoVision Technologies Co) inclu
ding the following steps: (1) rinsing in wash buffer;
(2) treatment in 3% H2O2 in ddH2O for five minutes
and rinsing with wash buffer; (3) blocking with
cow colostrum diluted 1:2 in Tris-buffered saline
containing 0.05% Tween-20 for 30 min and rinsing
in wash buffer; (4) incubation with primary antibody
(polyclonal antibodies diluted 1:2000 and monoclonal
M75 diluted 1:100) for 30 min; (5) rinsing in wash
buffer three times for five minutes; (6) incubation in
poly-HRP-conjugated anti-rabbit/mouse IgG for 30
min and rinsing in wash buffer three times for five
minutes; (7) incubation in DAB (3,3’-diaminobenzidine
tetrahydrochloride) solution (one drop of DAB solution
A and one drop of DAB solution B in 1 mL of ddH2O)
for six minutes and rinsing in ddH2O; (8) CuSO4
treatment for five minutes to enhance the signal and
rinsing in ddH2O; (9) treatment with hematoxylin
for one minute; and (10) rinsing with ddH2O. All
procedures were performed at room temperature. The
mounting of the sections was performed using Entellan
Neu (Merck; Darmstadt, Germany) and was finally
examined and photographed with a Zeiss Axioskop
40 microscope (Carl Zeiss; Göttingen, Germany). The
intensity of the staining was scored on a scale of 0
to 3 as follows: 0, no reaction; 1, weak reaction; 2,
moderate reaction; 3, strong reaction. The extent of
the staining was scored as 1 when 1%-10% of the
cells stained, 2 when 11%-50% of the cells stained,
and 3 when 51%-100% of the cells stained. A negative
score (0) was given to tissue sections that had no
evidence of specific immunostaining. In addition to
the analysis of tumor cells, CA Ⅱ immunostaining was
also evaluated in endothelial cells and CA Ⅶ in tumor
stroma, because these enzymes showed significant
staining reactions in these specific locations.

announced as number of patients and percentage of
patients, the Kaplan-Meier mean survival time with
95%CI, and the Cox regression hazard ratios with their
95%CI. P values < 0.05 were considered statistically
significant. Two-tailed tests were used.
Kaplan-Meier analysis and Cox regression hazard
ratio model were used to analyze survival data.
The assumption of constant hazard ratios over time
was tested by including a time dependent covariate
for each testable variable. Because neither Dukes
classification nor histological differentiation grade
status followed the Cox model assumption, stratified
analyses for Dukes stage and differentiation grade
were used. For statistical analyses, Dukes stage A
and B, as well as C and D were combined to reduce
the number of groups to two. The same was done
for tumor differentiation status; low and medium low
differentiations were combined as well as medium
high and high differentiations. In the Cox proportional
hazards model we included variables for age, sex, and
site of the tumor. Separate analyses were made for
each CA staining. If a significant interaction with CA
staining and another parameter were found, a split
analysis was performed.
In analysis, male patients were compared to
females and 65 years-old or older patients were
compared to younger ones. Tumor location was also
considered in the analysis: right side of the colon
including the caecum, ascending colon and right
flexure versus left side of the colon, including the left
flexure, descending colon, sigmoid colon and rectum.
Mid transverse tumors were excluded from the
comparison.
When analyzing the expression of each CA enzyme,
level 0 was considered the baseline, and the anno
unced hazard ratio rises exponentially every time the
scoring value rises one unit. Statistical analyses were
performed by SPSS v 21© (IBM corp, New York).

RESULTS
Four CA isozymes, CA Ⅱ, Ⅶ, Ⅸ, and XII were selected
for the immunohistochemical analysis of colorectal
cancer and the summary of these results is presented
in Table 2. Figure 1 presents representative images

Statistical analysis

All statistical analyses were performed by an expe
rienced biostatistician (H. Mustonen). Results are

WJG|www.wjgnet.com

8171

September 28, 2016|Volume 22|Issue 36|

Viikilä P et al . Colorectal carcinomas

A

B

C

D

E

F

G

H

I

J

K

L

Figure 1 Immunohistochemical stainings of carbonic anhydrases Ⅱ, Ⅶ, Ⅸ and XII. CA Ⅱ (A, B, C), CA Ⅶ (D, E, F), CA Ⅸ (G, H, I), and CA XII (J, K, L) are
shown in specimens of normal pancreas (A, D, G, J), colon (B, E, H, K) and colorectal carcinoma (C, F, I, L). The normal pancreas and colon sections were used
for control purposes. CA Ⅱ was located to the pancreatic ducts and centroacinar cells. In normal colon the staining is strongest in the enterocytes of deep crypts. In
colorectal cancer, CA Ⅱ is strongly expressed in cancer cells. CA Ⅶ stains stromal tissue in all specimens, while the cancer cells show only minimal or no staining.
CA Ⅸ antibody weakly stains ductal and some acinar cells of pancreatic tissue and also basolateral cell membranes in basal parts of colonic crypts. In colorectal
cancer, CA Ⅸ is strongly expressed in malignant cells, whereas the necrotic part is negative. CA XII antibody stains basolateral membranes of pancreatic acinar cells
and colonic enterocytes, and malignant cells of colon carcinoma. Original magnifications × 400, Bars 50 µm.

10.5-14.2) when CA Ⅱ intensity increased from 0 to
3. The extent of CA Ⅱ staining showed a similar trend
(P = 0.022). Correspondingly, the mean survival time
decreased from 18.3 years (95%CI: 15.5-21.1) to
13.5 years (95%CI: 12.0-15.0).
In Cox regression analysis, the most significant
results were found for CA Ⅱ staining intensity as
shown in Table 3. One unit increase in the CA Ⅱ

of positive immunostaining of each isozyme in CRC
specimens. Normal colon and pancreas specimens are
shown as positive controls. Figure 2 shows KaplanMeier plots for the staining intensity and extent of
each isozyme. In Kaplan-Meier analysis, there was a
significant decrease in survival as the intensity of CA
Ⅱ increased. The mean survival time decreased from
17.7 years (95% CI, 14.8-20.6) to 12.3 years (95%CI:
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Figure 2 Effect of CA Ⅱ, CA Ⅶ, CA Ⅸ and CA XII expression on survival of colorectal patients. Survival of 539 colorectal cancer patients operated between
1983-2001 in Helsinki University Hospital was recorded and the expression of carbonic anhydrases (CA Ⅱ, CA Ⅶ, CA Ⅸ and CA XII) was evaluated from
immunohistochemical stainings of tumor specimens. The effects of CA expressions on survival were analyzed by Kaplan-Meier analyses. Both CA Ⅱ staining intensity
(P = 0.004) and extent (P = 0.022) correlated with the patient survival. A weak correlation was also found between the CA XII staining intensity and survival (P = 0.020).
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Table 3 Multivariate Cox regression analysis results of selected parameters

CA Ⅱ epithelium intensity analysis
CA Ⅱ epithelium intensity
Sex (men vs females)
Age over 65 yr
Side of colon (sin vs dex)
CA Ⅱ epithelium extent analysis, age ≤ 65 yr
CA Ⅱ epithelium extent
Sex (men vs females)
Side of colon (sin vs dex)
CA Ⅱ epithelium extent analysis, age > 65 yr
CA Ⅱ epithelium extent
Sex (men vs females)
Side of colon (sin vs dex)
CA XII epithelium intensity analysis
CA XII epithelium intensity
Sex (men vs females)
Age over 65 yr
Side of colon (sin vs dex)

Hazard ratio

95%CI
lower

95%CI
upper

P value

1.19
1.20
1.78
1.17

1.04
0.92
1.35
0.86

1.37
1.58
2.35
1.58

0.0092
0.1777
P < 0.0001
0.3170

0.88
0.99
1.63

0.73
0.65
0.97

1.06
1.51
2.74

0.1742
0.9564
0.1869

1.42
1.44
0.92

1.16
1.01
0.63

1.73
2.05
1.35

0.0006
0.0435
0.6764

1.18
1.23
1.67
1.09

1.01
0.94
1.27
0.81

1.38
1.60
2.19
1.47

0.0360
0.1301
0.0002
0.5571

Regression analyses are stratified by Dukes and differentiation status. Separate analyses were done for each carbonic anhydrases (CAs) staining. Due to
interaction between age and epithelium extent, the analysis was split in different age groups.

Table 4 Carbonic anhydrases Ⅶ and Dukes stage
CA Ⅶ epithelial extent
0
1
2
3

Dukes A count

%

B count

%

C count

%

D count

%

15
14
10
28

16.1%
19.7%
15.2%
11.4%

36
31
23
85

38.7%
43.7%
34.8%
34.6%

25
14
14
67

26.9%
19.7%
21.2%
27.2%

17
12
19
66

18.3%
16.9%
28.8%
26.8%

P = 0.013, linear by linear association test.

Ⅶ immunostaining and other parameters.
In Kaplan-Meier analysis no significant correlation
was found between survival and intensity (P = 0.879)
or extent (P = 0.315) of CA Ⅸ immunostaining.
Additionally, no correlation was found when the CA Ⅸ
immunostaining was compared with the other tumor
or clinical parameters.
In Kaplan-Meier analysis, CA XII was another
isozyme showing a significant correlation to survival.
The mean survival time decreased from 16.5 years
(95%CI: 13.7-19.2) to 9.9 years (95%CI: 7.3-12.4)
as the intensity of CA XII increased from 0 to 3. In Cox
regression analysis, a significant correlation was found
when comparing CA XII staining intensity with survival
of CRC patients (HR = 1.18, 95%CI: 1.01-1.38, P =
0.036; Table 3). There was no significant interaction
between CA XII intensity and age, gender or location
of the tumor. The extent of CA XII immunostaining
did not correlate to the patients’ survival (P = 0.242,
Kaplan-Meier analysis). CA XII staining extent did not
either correlate with clinicopathological parameters.
In general, patients 65 years and older had a
significantly increased risk for poorer survival (HR
= 1.78, 95%CI: 1.35-2.34, P < 0.0001 in CA Ⅱ
epithelium intensity analysis and 1.67, CI: 1.27-2.19,
P = 0.0002 in CA XII epithelium intensity analysis).

intensity increased the age, sex, Dukes, differentiation,
and tumor side corrected hazard ratio to 1.19
fold (95%CI: 1.04-1.37, P = 0.009). However, no
significant interaction was found between CA Ⅱ
intensity and age, sex, or location of tumor. When
extent of the CA Ⅱ staining was analyzed a significant
interaction between age group and extent of the CA Ⅱ
staining was found. Therefore, the analysis was split
between the age groups. This revealed that increased
extent of CA Ⅱ had a significant hazard ratio among
patients 65 years and older (1.42, 95%CI: 1.16-1.73,
P = 0.0006). Notably, in addition to the actual tumor
cells, CA Ⅱ-positive staining was often induced in
the endothelium of tumor capillaries. In Kaplan-Meier
analysis, vascular endothelial staining of CA Ⅱ did not
show any significant correlation to survival (P = 0.676).
Epithelial CA Ⅶ immunostaining showed no
correlation to patients’ survival (Figure 2). In KaplanMeier survival analysis, P values were 0.566 for
staining intensity and 0.495 for extent. Negative
results were also observed for stromal staining (P
= 0.816 for intensity; P = 0.591 for extent). There
was a significant correlation (P = 0.013) between
epithelial staining extent and Dukes classification.
These results are shown in Table 4. No significant
correlation was found between epithelial or stromal CA

WJG|www.wjgnet.com

8174

September 28, 2016|Volume 22|Issue 36|

Viikilä P et al . Colorectal carcinomas
than in the left side, and the gene expression is also
[34,36]
different
. In our study, however, the reactivity
of CA enzymes showed no correlation to the tumor
location.
The main clinicopathological factors affecting
colorectal cancer patients’ survival are tumor grade,
resection margins, and presence or absence of lymph
[3]
node metastases . Other factors with prognostic
significance include tumor budding, micrometastases,
peritoneal carcinomatosis, lymphatic, perineural and
venous invasion, and histological properties including
[5]
level of invasion . In Marzouk and Schofield’s
[5]
review , a number of potential prognostic molecular
markers, such as microsatellite instability, BRAF
mutation, KRAS mutation, PIK3CA mutations, and
PTEN deletion, were evaluated. 18q deletions and
thymidylate synthase expression have been associated
[5]
with unfavorable prognosis and tumor recurrence .
Even though many of these molecular markers have
been used when choosing patients with metastatic
[5]
disease for chemotherapy , new markers are still
needed to distinguish different cancer types or to
stratify patients for personalized chemotherapy
according to the cancer properties. Further studies are
needed to define the clinical value of CA Ⅱ and CA XII
staining for preoperative evaluation and for comparison
of these markers in colorectal cancer.

DISCUSSION
In our study, the expression of carbonic anhydrase
isozymes CA Ⅱ and CA XII correlated with patients’
survival. Our results suggest that these proteins might
have a value in the assessment of CRC patients,
specifically when selecting patients for a more
aggressive cancer treatment. Patients with a better
prognosis can be treated less aggressively, which
diminishes side effects and increases quality of life. The
obtained hazard rations were relatively modest, and
thus the results need to be interpreted with caution.
According to our results, CA Ⅸ has no diagnostic
or prognostic role in CRC, even though it has been
considered a promising biomarker for several other
[26]
cancers . This finding highlights the unique biology of
CRCs in terms of tumor development process.
The role of different CA isozymes in cancer has
been under intensive research during the last decade.
Studies have been focused on the association between
expression of CAs and tumor aggressiveness and
patient survival, on their role in tumor metastasis, as
well as on their potential role as targets of anticancer
[13,27-29]
drugs
. CA isozymes have shown abnormal
expression in various malignant tumors compared
[11,13,17,29-31]
to corresponding normal cells and tissues
.
In one study, CA Ⅸ was shown to be diffusely
expressed in CRC, whereas normal or adenomatous
[18]
mucosa showed a more limited distribution . Ki-67
immunostainings confirmed that CA Ⅸ was expressed
in areas with high proliferative activity. Similarly, CA XII
showed a more diffuse immunostaining reaction in CRC
[20]
compared to normal colon or adenomas . Cytosolic
CA Ⅱ isozyme has a different distribution. It is highly
expressed in several normal gastrointestinal tract
[14]
tissues, such as gastric and intestinal mucosa , but
[32]
is clearly downregulated in most colorectal tumors .
The same phenomenon may also occur in the case of
[33]
the other cytosolic CAs . According to Birkenkamp[34]
Demtroder’s study , CA Ⅶ expression was found to
be 4-fold downregulated in sigmoid or rectosigmoid
carcinomas compared to the normal tissue. Recently,
[35]
Niemelä et al
reported cDNA microarray expression
of all CAs, except for CA XIII, in normal and malignant
colorectal specimens. The fold-changes for our target
CA isozymes were: CA Ⅱ [-7.4 (normal mucosa vs
sporadic carcinoma)], CA Ⅶ (-4.3), CA Ⅸ (+2.4) and
CA XII (-3.2). In our Figure 1 increased expression
is clearly demonstrated for CA Ⅸ , whereas the
interpretation is more difficult for the other isozymes
because of high staining intensities in both normal and
tumor tissues.
Even though the pathogenesis of colorectal cancer
has been intensively studied during the last decades,
there are still molecular mechanisms that clearly
warrant more research. For example, it was recently
shown that polyps with any advanced neoplastic
features are smaller in the right side of the colon
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Colorectal cancer (CRC) is the most common malignancy of the gastrointestinal
tract. The high number of patients with CRC, precancerous lesions or polyps
causes significant challenges to healthcare systems, their chances to recognize
tumors at an early stage, as well as possibilities to offer the most effective
treatment. Tumor cells need carbonic anhydrases (CAs) and many other
proteins, to maintain neutral intracellular pH. During tumor growth extracellular
pH decreases and disturbs physiological processes of the surrounding normal
tissue and promotes cancer growth. This is why CA proteins have been studied
as potential markers for various cancers.

Research frontiers

CA Ⅱ and CA XII staining intensities correlated with colorectal cancer patients’
survival in that higher expression indicated poorer prognosis.

Innovations and breakthroughs

The correlation of both CA Ⅱ and CA XII staining results with survival of
colorectal cancer patients was a novel observation. Surprisingly, CA Ⅸ
immunostaining results did not show any correlation to patients’ prognosis,
even though this enzyme is widely considered a potential predictive marker in
several other tumor categories.

Applications

These results suggest that CA Ⅱ and CA XII proteins might be valuable in
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assessment of CRC patients, specifically when selecting patients for a more
aggressive cancer treatment. Patients with a better prognosis can be treated
less aggressively, which diminishes side effects and increases quality of life.
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Terminology

CAs are a group of zinc-binding enzymes, which catalyze the reversible
hydration of CO2 to bicarbonate.
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Biomarkers for colorectal Cancer are still under intense Investigation and novel
predictive and prognostic markers are urgently needed. The authors investigate
the Protein Expression Levels of several CA in a large series of colorectal
cancer and conclude that CA Ⅱ and CA XII could be useful prognostic
markers.
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AIM
To analyze retrospectively a 5-year experience of
human hepatocyte isolation from resected liver tissues
with benign disease.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Shandong
Provincial Hospital affiliated to Shandong University.

METHODS
We established a method of modified four-step retro
grade perfusion to isolate primary human hepatocytes.
Samples were collected from the resected livers of
patients with intrahepatic duct calculi (n = 7) and liver
hemangioma (n = 17). Only the samples weighing ≥
15 g were considered suitable for hepatocyte isolation.
By using the standard trypan blue exclusion technique,
hepatocyte viability and yield were immediately
determined after isolation.
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RESULTS
Twenty-four liver specimens, weighing 15-42 g, were
immediately taken from the margin of the removed
samples and transferred to the laboratory for hepatocyte
isolation. Warm ischemia time was 5-35 min and cold
ischemia time was 15-45 min. For the 7 samples of
intrahepatic duct calculi, the method resulted in a
6
hepatocyte yield of 3.49 ± 2.31 × 10 hepatocytes/g
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[4,5]

obtained during partial hepatectomy . Compared
to organs from discarded liver transplants, the latter
are easily accessible and more frequently available.
Furthermore, resected liver donations are usually
planned and often occur during normal working hours.
Nevertheless, surgically-resected tissue is of varying
quality, which can affect the yield and viability of
[6]
isolated hepatocytes . It is important to standardize
the use of the surgical specimens to maximize the
availability of high-quality hepatocytes.
Some authors have previously suggested protocols
for human hepatocyte isolation from surgically-resected
[5,7,8]
liver tissues
. However, the majority of these
[9]
groups have used tissues from malignant tumors .
Often, totally healthy tissues are needed for clinical
application of hepatocyte transplantation, artificial
[10,11]
liver, and hepatocyte immortalization
. There
are still no systematic studies in the literature that
have investigated resected specimens from patients
with benign liver disease for large-scale hepatocyte
isolation. Therefore, available data about the effect of
the donor liver on isolated hepatocyte yield are scarce.
To address these issues, we retrospectively analyzed
a 5-year experience of human hepatocyte isolation
from surgically-resected normal tissues and evaluated
the effect of donor liver characteristics on hepatocyte
isolation outcome. Our study, presented herein, repres
ents the largest number of primary human hepatocytes
isolated from resected specimens from patients with
benign liver disease. We established an efficient
technique for a special kind of liver samples for largescale human hepatocyte isolation.
The aim of our study was to rescue resected
healthy liver tissues that would have been otherwise
discarded, for hepatocyte isolation. We also compared
two different kinds of liver samples and their results in
different cell yield and viability.

liver, with 76.4% ± 10.7% viability. The 17 samples
of liver hemangioma had significantly higher yield of
6
6
cells (5.4 ± 1.71 × 10 cells/g vs 3.49 ± 2.31 × 10
cells/g, P < 0.05) than the samples of intrahepatic duct
calculi. However, there seems to be no clear difference
in cell viability (80.3% ± 9.67% vs 76.4% ± 10.7%, P
6
> 0.05). We obtained a cell yield of 5.31 ± 1.87 × 10
hepatocytes/g liver when the samples weighed > 20 g.
However, for the tissues weighing ≤ 20 g, a reduction
6
in yield was found (3.08 ± 1.86 × 10 cells/g vs 5.31 ±
6
1.87 × 10 cells/g, P < 0.05).
CONCLUSION
Benign diseased livers are valuable sources for largenumber hepatocyte isolation. Our study represents
the largest number of primary human hepatocytes
isolated from resected specimens from patients with
benign liver disease. We evaluated the effect of donor
liver characteristics on cell isolation, and we found that
samples of liver hemangioma can provide better results
than intrahepatic duct calculi, in terms of cell yield.
Furthermore, the size of the tissues can affect the
outcome of hepatocyte isolation.
Key words: Human hepatocyte; Primary hepatocyte;
Cell isolation; Benign liver disease; Hepatocyte isolation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We retrospectively analyzed a 5-year
experience of human hepatocyte isolation from surgicallyresected normal tissues and established an efficient
technique for a special kind of liver samples for largescale human hepatocyte isolation. Our study represents
the largest number of primary human hepatocytes
isolated from resected specimens from patients with
benign liver disease. We evaluated the effect of donor
liver characteristics on cell isolation, and we found that
samples of liver hemangioma can provide better results
than intrahepatic duct calculi, in terms of cell yield.
Furthermore, the size of the tissues can affect the
outcome of hepatocyte isolation.

MATERIALS AND METHODS
Surgery and tissue collection

We chose patients with benign liver disease, intrah
epatic duct calculi and liver hemangioma, treated in
our hospital. Following our hospital’s institutional and
ethical guidelines, and after obtaining tissue donors’
consent, samples weighing ≥ 15 g were collected
from 24 patients undergoing partial hepatectomy,
including 7 liver intrahepatic duct calculi and 17
liver hemangioma (Table 1). To avoid unnecessary
damage to the hepatocytes, continuous clamping was
applied in all 24 cases, with a short intraoperative
warm ischemia time (WIT) (5-35 min). After the liver
tissues (15-42 g) were resected from the abdominal
cavity, they were immediately placed into ice-cold
Ringer’s lactate solution, under sterile conditions. The
tissues were transferred directly to the laboratory for
hepatocyte isolation, with a limited cold ischemic time
(15-45 min).

Meng FY, Liu L, Liu J, Li CY, Wang JP, Yang FH, Chen ZS,
Zhou P. Hepatocyte isolation from resected benign tissues:
Results of a 5-year experience. World J Gastroenterol 2016;
22(36): 8178-8186 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i36/8178.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i36.8178

INTRODUCTION
Demands for primary human hepatocytes for basic
research and therapeutic applications are continuously
[1-3]
increasing
. Large quantities of primary human
hepatocytes can be isolated mainly from two sources:
discarded liver transplants and liver specimens
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Table 1 Patient profile and isolated human hepatocyte viability, total cell yield and hepatocyte yield
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

PBE

Sex
Male
Male
Female
Male
Female
Female
Male
Male
Male
Male
Female
Male
Male
Male
Female
Male
Female
Male
Male
Male
Male
Male
Male
Male

PB

Age (yr)

Blood group
+

48
52
23
55
45
36
47
42
52
63
46
57
44
61
57
27
55
61
37
65
79
47
51
67

O
A+
A+
O+
A+
B+
AB+
A+
A+
O+
O+
A+
B+
A+
A+
A+
B+
O+
B+
B+
O+
O+
B+
O+

PBD

5

Disease

Tissue weight (g)

Warm ischemia time (min)

Hepatocyte (× 10 /g)

Viability (%)

Hemangiomas
Hemangiomas
Calculus
Hemangiomas
Hemangiomas
Hemangiomas
Calculus
Hemangiomas
Hemangiomas
Hemangiomas
Hemangiomas
Hemangiomas
Calculus
Calculus
Hemangiomas
Hemangiomas
Calculus
Hemangiomas
Hemangiomas
Calculus
Calculus
Hemangiomas
Hemangiomas
Hemangiomas

15
18
21
26
27
32
38
42
20
33
27
30
25
17
32
27
23
31
37
20
26
35
24
30

30
25
25
30
25
15
10
10
5
25
20
35
15
5
7
15
7
25
21
15
20
5
12
17

28.00
20.56
12.86
18.08
51.85
65.63
71.05
54.76
63.30
72.11
43.70
55.21
63.81
25.20
62.50
52.65
32.07
68.80
72.22
17.07
22.51
67.72
59.27
62.25

62
73
69
65
76
85
92
86
87
93
68
75
84
86
89
76
66
90
92
72
66
89
77
82

PBC

Filter (500 μm)

Centrifugation (50 g, 120 s)

WBD (10 min)

Filter (75 μm)

Centrifugation (50 g, 75 s)

Filter (75 μm)

Centrifugation (50 g, 75 s)

WB

Centrifugation (50 g, 75 s)

Figure 1 Flow diagram of the preparation of isolated human hepatocytes with a modified four-step retrograde perfusion technique. Buffers: PBE: Perfusion
buffer with EDTA; PB: Perfusion buffer; PBD: Perfusion buffer with dispase; PBC: Perfusion buffer with collagenase; WB: Washing buffer; WBD: Washing buffer with
DNase.

Perfusion apparatus setup

Liver wedges were usually obtained from segments Ⅱ/
Ⅲ and were carefully cut and weighed. Primary human
hepatocytes were isolated under strict sterile conditions
using a modified four-step retrograde perfusion
technique (Figure 1). To eliminate interpersonal
variability, all of the subsequent isolation procedures
were carried out by single individual (Meng FY).
The liver samples were cannulated into the main
blood vessel on the cut surface. The liver tissue was
flushed with ice-cold perfusion buffer with EDTA
(PBE) via blood vessels on the cut surface. This step
was important to remove excess blood and help to
determine the vessels that would offer optimal perfusion
subsequently. The chosen vessel was cannulated with
a suitable pipette tip, and flushed with PBE at 37 ℃. In
some cases, there might be more than one cut surface,
or there might be a cut or tear on the outer capsule of
the liver tissue (Glisson’s capsule). These were required
to be sewed-up in advance to ensure optimal perfusion
of the tissue.
After flushing with perfusion buffer to clear the PBE,

To ensure flow of appropriate buffers, a peristaltic
pump with adjustable speed was used in our perfusion
system. This system was formed by mounting a
peristaltic pump with two silicone tubings immersed in
a variable-sized water tank to accommodate the liver
tissues. The water bath temperature was adjusted and
maintained at 37 ℃ for liver undergoing perfusion and
digestion. The pump speed was set at constant flow.

Reagents and solutions preparation

The method used several reagents that had been
prepared in advance (Table 2). The reagents were
mixed thoroughly and filter solutions were prepared
using 0.22-µm filters, after which the pH value was
adjusted to 7.4 and the solutions were stored at 4 ℃.

Hepatocyte isolation

We adopted a rigorous and stringent isolation protocol
for all liver tissues. Precise time between tissue
resection and isolation commencement was recorded.
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Table 2 Reagents and solutions preparation (prepared for 80 g liver sample)
Resolution

Ingredient

PB (Perfusion buffer)

PBE (Perfusion buffer with EDTA)
PBD (Perfusion buffer with dispase)
PBC (Perfusion buffer with collagenase)

WB (Washing buffer)

WBD (Washing buffer with DNase)

Concentration (g/L)

Double-distilled water (3000 mL)
NaCl (27 g)
KCl (1.26 g)
NaHCO3 (6.3 g)
Glucose (2.7 g)
Hepes (14.34 g)
PB (1000 mL)
EDTA (0.37 g)
PB (500 mL)
Dispase Ⅱ (Sigma) (4.2 g)
PB (500 mL)
Collagenase Ⅳ (Sigma) (0.25 g)
CaCl2•2H2O (0.275 g)
Double-distilled water (2500 mL)
NaCl (17.5 g)
KCl (1.15 g)
CaCl2•2H2O (0.325 g)
Hepes (5.95 g)
Bovine serum albumin (2.5 g)
WB (Washing buffer) (1500 mL)
MgCl2•6H2O (0.15 g)
MgSO4•7H2O (0.15 g)
DNase Ⅰ (Sigma) (0.15 g)

the tissue was then continuously perfused with a prewarmed digestion buffer solution (perfusion buffer
with dispase and perfusion buffer with collagenase).
After sufficient digestion, the liver Glisson’s capsule
was mechanically disrupted by using an operating
knife blade. The isolated hepatocytes were released
into the medium by gentle shaking, leaving behind
the connective tissue and any undigested material.
The resultant hepatocyte suspension was divided
equally into sterile centrifuge bottles. The suspension
was then filtered through a 500-µm nylon mesh and
centrifuged at 50 × g for 2 min at 4 ℃. We regularly
applied a 10-min cell incubation step by using wash
buffer solution containing DNase Ⅰ (WBD). Cell clumps
were broken up and damaged cells were digested. The
suspension was then filtered (75 s), and the resultant
cells were harvested by low-speed centrifugation at
50 × g for 75 s. This was followed by washes in cold
wash buffer solution, filtration (60 s) and another
centrifugation step (50 × g, 75 s, 4 ℃). Finally, the
resultant hepatocyte clumps were resuspended in
cold William’s Medium E (Sigma). Hepatocyte yield
and viability were immediately determined using
the standard trypan blue exclusion technique after
isolation/purification.

0.37
8.4
0.5
0.55
7
0.46
0.13
2.38
1.0
0.1
0.1
0.1

culture period using light microscopy. Phase-contrast
microscopy pictures were taken with a Nikon Diaphot
inverted microscope.

RESULTS
The type of liver tissues used and the hepatocytes
isolated are shown in Table 1. The liver tissue donors
had intrahepatic duct calculi (n = 7) and liver hem
angioma (n = 17). To improve cell availability, we
investigated the influence of WIT and cold ischemia
time and liver donor characteristics on the outcome of
freshly isolated hepatocytes from surgically-resected
liver tissues. All patients (15 males and 9 females)
were negative for hepatitis C virus, hepatitis B virus
surface antigen, and human immunodeficiency virus.
All of the patients had normal liver function tests prior
to surgery. The mean donor age was 50.7 years (range:
+
+
23-79 years). Blood group was O in 8 cases, A in 9,
+
+
AB in 1, and B in 6 (Table 1). Data from our work
revealed that patient sex, age and blood group had no
correlation with cell yield and viability.
Liver wedges were prepared as shown in Figure
2. Representative images of isolated primary human
hepatocytes, in culture for the first week, are shown
in Figure 3. Similar morphological changes in the
cultured cells were observed during the first week. The
cells maintained normal morphology for at least 1 wk
during culture in William’s E Medium.
We processed and isolated human hepatocytes from
24 liver wedges. The WIT, i.e., the interval between
clamping and bathing in ice-cold solution, averaged
17.5 ± 8.8 min (range: 5-35 min) (Table 1). The cold
ischemia time, i.e., the interval between liver resection

Hepatocyte culture

Culture medium was William’s E Medium supplemented
with 100 μg/mL streptomycin, 100 mU/mL penicillin
and 10% fetal bovine serum (FBS). Freshly isolated
hepatocytes were seeded in culture flasks at a
5
5
concentration of 4 × 10 to 5 × 10 /mL. The culture
medium was changed every 24 h. The morphology of
the cultured cells was assessed throughout the entire

WJG|www.wjgnet.com
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0.42
2.1
0.9
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A

B

C

D

Figure 2 Preparation of liver wedges. Only patients who had undergone left hemi-hepatectomies were deemed suitable for obtaining normal resected liver tissue
from (A). Cut-off end of a suitable pipet tip to obtain an optimal size to match the vessel opening and cannulate the chosen vessel (B, C). Primary human hepatocytes
must be isolated under stringent and rigorous sterile conditions (D).

A

B

Figure 3 Phase-contrast photographs of primary human hepatocytes at 24 h after isolation. Magnification × 100 (A) and × 200 (B).
6

and perfusion, averaged 19.3 ± 3.3 min (range: 15-45
min). For the 7 samples of intrahepatic duct calculi, the
method resulted in a hepatocyte yield of 3.49 ± 2.31 ×
6
10 hepatocytes/g liver, with 76.4% ± 10.7% viability.
However, for the 17 samples of liver hemangioma, we
got better results for the hepatocyte yield (5.4 ± 1.71
6
6
× 10 cells/g vs 3.49 ± 2.31 × 10 cells/g, P < 0.05)
compared to the samples of intrahepatic duct calculi
(Figure 4A). However, there seemed to be no clear
difference in cell viability (80.3% ± 9.67% vs 76.4%
± 10.7%, P > 0.05) (Figure 4B). In our study, we
6
obtained a cell yield of 5.31 ± 1.87 × 10 hepatocytes/
g liver when the samples weighed > 20 g. However, for
the tissues that weighed ≤ 20 g, a reduction in yields

WJG|www.wjgnet.com

was found (3.08 ± 1.86 × 10 cells/g vs 5.31 ± 1.87
6
× 10 cells/g, P < 0.05) (Figure 4C). In addition, no
difference in cell viability was observed (80.0% ± 9.85%
vs 76.0% ± 10.5%, P > 0.05) (Figure 4D).
All of the cultured primary hepatocytes demon
strated albumin synthesis in the first week (Table 3).
Serum albumin concentrations were determined using
immunonephelometry (Array; Beckman Instruments,
Galway, Ireland). The isolated hepatocytes showed
significantly increased albumin synthesis after 2 d
of culture. When human hepatocytes were cultured
in William’s E Medium supplemented with 10% FBS,
the cells maintained their polygonal shape until day 5
(Figure 3).
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A

B

80

100

5

Cell yield (× 10 /g)

70

Hemangiomas
Calculus

Viability

90

Hemangiomas
Calculus

80

60

70

50

60

40

50

30

40
30

20

20

10

10

0

0

C

D

80

100

Cell yield
> 20 g
< 20 g

70
60

Viability

90

> 20 g
< 20 g

80
70

50

60

40

50
40

30

30

20

20

10

10

0

0

Figure 4 Samples of liver hemangioma can provide better results, in terms of cell yield, than intrahepatic duct calculi. In addition, the size of the tissues can
affect the outcome of hepatocyte isolation.
[17]

Hepatocyte isolation started in the mid-1960s .
After that, many innovative techniques were introduced
[8,18,19]
to improve the results
. However, most of the
innovative techniques have been applied exclusively
to tissues obtained from resected liver tumors or from
[20]
whole organ donors . We established a modified fourstep collagenase retrograde perfusion technique for
isolation of hepatocytes from non-diseased liver tissue
removed at surgical resection.
The modified method, compared to the traditional
method, can improve results, allowing isolation of a
large number of hepatocytes of high quality. After
hepatocyte isolation, a 10-min incubation step using
DNase I (WBD) was used. Cell clumps break up and
damaged cells are digested. Our technique resulted in
6
a hepatocyte yield of 4.85 ± 2.05 × 10 cells/g liver.
The viability of the isolated hepatocytes, using the
trypan blue exclusion technique, was 79.17% ± 9.90%.
Intrahepatic duct calculi and liver hemangioma are
two common diseases among the local population.
Tissues from patients undergoing partial hepatectomy
are the most frequently available sources for hepatocyte
isolation. However, not all of these tissues can be used
to isolate large numbers of hepatocytes. Hepatic fibrosis

Table 3 Concentrations of albumin in the cultured
hepatocyte suspension
Time

Albumin (g/L)

24 h
7d
10 d

0.79 ± 0.31
1.36 ± 0.42
1.09 ± 0.21

The concentration of albumin in the William’s E culture medium was
about 0.5 g/L.

DISCUSSION
Hepatocyte isolation is a time-consuming and costly
[12,13]
procedure
. However, surgical specimens are of
varying quality, which can affect the cell yield and
viability. It is important to identify surgically-resected
tissues with the best expectations concerning cell quality
[14-16]
and yield
. The aim of the present study was to
analyze retrospectively the influence of the donor liver
characteristics on the outcome of primary hepatocyte
isolation from surgically-resected liver tissue. Once
such a standardized method has been established,
isolated hepatocytes will be easily accessible and more
frequently available.
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often occurs in patients with intrahepatic duct calculi,
who generally do not support successful cell isolation.
Different with other experiences reported in the
[21]
literature , our results showed that the 17 samples
of liver hemangioma had significantly higher yield of
6
cells (5.4 ± 1.71 × 10 cells/g) than the samples of
6
intrahepatic duct calculi (3.49 ± 2.31 × 10 cells/g, P <
0.05). However, there seemed to be no clear difference
in cell viability (80.3% ± 9.67% vs 76.4% ± 10.7%, P
> 0.05).
Cytotoxic bile acids accumulate in the hepatocytes
during cholestasis, which is thought to induce hepa
tocyte necrosis and contribute to development of liver
[22,23]
cirrhosis
. This could explain the lower cell yield
observed in hepatocytes isolated from cholestatic
[24-26]
[27]
livers
. In contrast, Iqbal et al observed no signif
icant difference in cell yield and viability in hepatocytes
isolated from resected cirrhotic livers, as compared
to non-cirrhotic livers. Further investigation should be
made to evaluate the usage of resected cirrhotic livers
for cell isolation.
Compared to resected livers from patients with
intrahepatic duct calculi, we more frequently obtained a
reliable source of normal liver tissue from patients with
hemangioma. Furthermore, we found that left lateral
sector segments were usually suitable to obtain normal
resected tissues, with proportionate volumes, after
which the lobular blood vessels can be easily exposed
for catheterization. Of the total 24 samples, 19 were
obtained from left hemi-hepatectomy. The fragments
of hepatic tissue were cut from the periphery of the
discarded material, surrounded by the hepatic capsule.
It is important that the liver lobe should be incised with
a single cut, and then the lobular blood vessels can
be exposed for catheterization. We consider that the
first perfusion step to drain off blood in the vessels is
critical, because it can significantly affect the outcome
of the subsequent collagenase digestion.
Among the general features of the patient, blood
group, age and sex, did not have any influence on the
yield or viability of the isolated human hepatocytes.
In contrast, several investigations have described
a decrease in hepatocyte viability or yield with an
[8,28]
increase in patient age
. This may have resulted
from the distribution of diseases among the different
age groups, which can significantly affect the outcome
[8]
of hepatocyte isolation . Patients aged > 50 years
had malignant diseases mainly. In our study, all of the
specimens were obtained from patients with benign
liver disease. Without the interfering factors, we
observed that patient age had no correlation with cell
yield and viability.
WIT can affect the outcome of hepatocyte isolation.
It is reported that porta hepatis clamping during liver
resection results in a low yield of isolated hepato
[26]
cytes . There is a negative correlation between WIT
[26]
(< 30 min) and low cell yield . It is also reported that
intermittent clamping is more damaging to the liver
[29]
than continuous clamping . As for cold ischemia time,

WJG|www.wjgnet.com

it is reported that ≤ 24 h has no effect on hepatocyte
[28,30,31]
yield and viability
. As shown in our study, when
resected liver tissue is used for hepatocyte isolation,
the WIT and cold ischemia time are always short. So,
WIT and cold ischemia time seem to have no obvious
effect on the outcome of hepatocyte isolation from
surgically-resected tissues.
The size of the tissue can affect the outcome of
[26]
hepatocyte isolation. Alexandre et al
concluded
that the percentage of digested liver decreased
when tissue weights were > 100 g. In our study, we
found a reduction in yields when the tissue weighed
≤ 20 g (Table 2). One reason is that small tissue
samples always have several cut surfaces, without
an integrated hepatic capsule. Another reason is that
it is difficult to find a visible vessel orifice on the cut
surface to perfuse collagenase solutions. In contrast to
the large tissue samples, small samples always have a
longer isolation process with insufficient digestion. This
suggests that the four-step perfusion technique for
tissues ≤ 20 g should be modified.
One possible method to improve the isolation
outcome of small tissue samples is to glue the section
surfaces in order to avoid leakage of the perfusate.
However, some studies have reported that the use
[26]
of glue tends to decrease the yield of viable cells .
Another possible method to increase the hepatocyte
yield is to separate the viable cells using a Percoll
centrifugation technique. We need to consider whether
Percoll centrifugation is acceptable for the large
quantity of hepatocytes required for clinical application.
Due to the small numbers of tissues in our study,
further investigations are needed to evaluate the
optimal procedure for small resected specimens.
In conclusion, benign diseased livers appear to be
a valuable source of a large number of isolated human
hepatocytes. We consider that patient age has no
correlation with cell yield and viability. Mild cirrhotic
livers should not be arbitrarily excluded from cell
isolation. We recommend, for optimal isolation, to use
liver specimens weighing > 20 g and to avoid the use
of liver specimens with severe fibrosis.
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WIT (warm ischemia time), the interval between clamping and bathing in icecold solution. Cold ischemia time, the interval between storing in ice-cold
solution and starting isolation.

14

Peer-review

The manuscript is well written. The study, conducted for 5 years, is well
described and the results are clear and explained the target of the authors
research in a good manner.

15
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of Molinette
Hospital.

AIM
To assess the etiology of chronic liver diseases (CLD)
from 1998 to 2014 at the outpatient clinic of Gastro
enterology of the main hospital in Northwest of Italy
among those dedicated to hepatology.

Informed consent statement: Patients were not required
to give informed consent to the study because the analysis
used anonymous data, it was performed several years after the
consultation (retrospective) and the design was observational
(clinical setting) without therapeutic involvement.

METHODS
A random sample of charts of patients referred to
for increased liver enzymes between January 1998
and December 2006, and between January 2012 and

Conflict-of-interest statement: None to declare.
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December 2014 were reviewed. Etiology search included
testing for hepatitis B virus (HBV), hepatitis C virus
(HCV), autoimmune hepatitis, primary biliary cirrhosis,
Wilson’s disease and hereditary hemocromatosis. A
risky alcohol consumption was also considered. Nonalcoholic fatty liver disease (NAFLD) was diagnosed in
patients with histological and/or ultrasound evidence of
steatosis/steatohepatitis, and without other causes of
CLD.

INTRODUCTION
The epidemiology of chronic liver diseases (CLD) in
Italy is now changing due to the decreasing rate of viral
[1]
hepatitis and the increasing new epidemic of a wide
spectrum of metabolic disorders like steatosis, nonalcoholic fatty liver disease (NAFLD) and steatohepatitis
[2]
(NASH) . The last three decades witnessed extensive
diagnosis of the major hepatitis viruses, such as
hepatitis C virus (HCV), hepatitis B virus (HBV) and
hepatitis D virus (HDV) and their diffuse treatment with
antiviral therapy. In addition, vaccination programs
against HBV, which in Italy became mandatory since
1991, helped to achieve the complete immunization of
[3,4]
newborn, teenagers and young adults . This active
approach for HBV prevention was also effective against
the risk of acquiring a superimposed HDV infection.
As a result, Italy has become a country with a low (<
0.3%) endemicity for HBV infection, and HDV infection
[3]
is almost vanishing . However, HCV infection alone,
despite the lowest rate of infection occurring to date
in young adults, remains at risk of spread among
subjects with a lifestyle prone to high risk behaviours
or undergoing invasive medical procedures.
Unfortunately, the amelioration of hygiene and
social conditions, has been accompanied by a rapid
change in eating habits of Italian people, with a diet
richer in sugar and lipids compared to the past healthy
Mediterranean regimen. Furthermore, overweight and
obesity in children and adults have reached prevalence
[5]
rate of 10%-15% . Such figures, although lower
[6]
compared to those reported in North America , are
substantial. We are thus facing a significant change in
the main causes of CLD compared to the recent past.
Hence, the knowledge of the new etiological pattern of
CLD has became very important in planning both the
strategy of health policy and clinical recommendations
for the next decades.
The Unit of Gastroenterology of Molinette Hospital
represents the main facility in the Northwest of Italy
(with a population of around 6 million people) among
those dedicated to the management of liver diseases.
Since, in this area, there are no updated data on the
trend of the etiology of CLD, the aim of the present
study was to address this issue over the period
1998-2014.

RESULTS
The number of patients included was 1163. Of them,
528 (45%) had positivity for HCV and 85 (7%) for
HBV. Among the virus-free patients, 417 (36%) had
metabolic disorders whereas the remaining had history
of alcohol abuse, less prevalent causes of CLD or
concomitant conditions. In comparison to 1998-2000
(41%), a reduction of HCV alone-related cases was
detected during the periods 2001-2003 (35%, OR =
0.75, 95%CI: 0.53-1.06), 2004-2006 (33%, OR = 0.70,
95%CI: 0.50-0.97) and 2012-2014 (31%, OR = 0.64,
95%CI: 0.46-0.91). On the contrary, in comparison to
1998-2000 (31%), metabolic-alone disorders increased
in the period 2004-2006 (39%, OR = 1.37, 95%CI:
0.99-1.91) and 2012-2014 (41%, OR = 1.53, 95%CI:
1.09-2.16). The other etiologies remained stable. The
increase of incidence of metabolic-alone etiology during
the period 2004-2006 and 2012-2014 tended to be
higher in older patients (≥ 50 years) compared to
younger (P = 0.058).
CONCLUSION
In the Northwest of Italy, during this study period, the
prevalence of HCV infection decreased notably whereas
that of NAFLD increased.
Key words: Chronic liver diseases; Cirrhosis; Hepatitis C
virus; Hepatitis B virus; Nonalcoholic steatohepatitis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The epidemiological knowledge of variations
of etiology of chronic liver diseases (CLD) is crucial
for health policy of resource allocation and for
planning strategies of prevention and treatment. Our
study, carried out in a large population from 1998
to 2014 period, shows that, in Northwest Italy, viral
CLD decreased and CLD due to metabolic disorders
remarkably increased. These results suggest the
need to perform a strategy of rigorous education and
counseling, in particular in overweight and obese
subjects.

MATERIALS AND METHODS
A sample of charts of patients referred to by the general
practitioners for hepatology reasons, from January 1998
to December 2014, was reviewed. In our outpatient
facility, the medical personnel is organized in work teams
that follow cohorts of patients with specific pathologies.
The mean number of consultations is from 10000 to
[7]
12000 per year . Patients were divided into three main
cohorts: (1) with suspected or known chronic liver
disease; (2) with suspected or known bowel diseases;
and (3) with suspected or known diseases of the upper

Saracco GM, Evangelista A, Fagoonee S, Ciccone G, Bugianesi
E, Caviglia GP, Abate ML, Rizzetto M, Pellicano R, Smedile A.
Etiology of chronic liver diseases in the Northwest of Italy, 1998
through 2014. World J Gastroenterol 2016; 22(36): 8187-8193
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i36/8187.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i36.8187
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liver histology. Wilson’s disease was diagnosed on the
[12,13]
basis of accepted international criteria
. Patients
without known causes of CLD but serum aminotran
sferases elevation, histological and/or ultrasound
evidence of hepatic steatosis/steatohepatitis, were
[14]
considered as suffering from NAFLD or NASH .
The study conformed to the guidelines of the 1975
Declaration of Helsinki and was approved by the local
Hospital ethical committee. Data were managed with
respect of patients’ privacy.

Table 1 Patients characteristics n (%)
n = 1163

Variable
Age, median (IQR)
Males
Etiology
HCV
HCV alone
Metabolic
Metabolic alone
HBV
HBV alone
Period
1998-2000
2001-2003
2004-2006
2012-2014

52 (40-62)
644 (55)
528 (45)
407 (35)
557 (48)
417 (36)
85 (7)
67 (6)

Statistical analyses

295 (25)
251 (22)
336 (29)
281 (24)

Since the patient records were not available in
electronic format, assessments of the etiologies of the
CLD were evaluated in a review of random samples
from physical files. No formal power analysis was
performed respect to a statistical comparison and the
sample size was determined on the basis of resources
available for in-depth review of the medical records.
A mean sample of 900 medical records (in order to
obtain approximately 100 patients per year) have been
extracted according to an ordered sequence generated
using a uniform distribution. For each patient with
confirmed CLD, demographic, clinical, and etiological
data were recorded. The change of (1) HCV; (2) HCV
alone; (3) metabolic; and (4) metabolic alone, etiology
during the analyzed periods (1998-2000, 2001-2003,
2004-2006, 2012-2014) was evaluated using logistic
regression models, adjusting for age and sex. Potential
effect modification by age (< 50, ≥ 50 years) was
evaluated in the logistic model including an interaction
between the variables age and period.

HBV: Hepatitis B virus; HCV: Hepatitis C virus.

gastrointestinal tract. Consultations are usually assigned
into “first” and “control” in order to check the number
of incidental cases in comparison to prevalent cases.
For the purpose of this study, only patients with the first
consultation were included. We analyzed the triennial
prevalence of different causes of liver disease during the
periods 1998-2000, 2001-2003, 2004-2006 in order to
detect early changes in etiological trends. The cohort
2012-2014 was included to confirm the previous trend
also in recent years. Since in the period 2007-2012
the outpatient clinic changed location, part of the data
have not been homogeneously collected, due to logistic
problems. Hence, to avoid biases we excluded this
period from the analysis.
The more prevalent indication for hepatology
consultations was the increase in liver enzymes. The
search for etiology included testing for HBV serological
markers (hepatitis B surface antigen, antibodies to
hepatitis B core antigen), HDV serological markers
(antibodies to HDV, IgG and IgM), and HCV serological
markers (antibodies to HCV). Viral replication was
measured by testing serum HBV-DNA, HDV-RNA, or
HCV-RNA, using quantitative assays mainly based on
PCR techniques to amplify the target nucleic acid (i.e.,
COBAS TaqMan HBV and COBAS TaqMan HCV, Roche
Diagnostics). We also collected a lifetime drinking
history. The threshold for a risky alcohol consumption
was set at 40 g/d for men or 20 g/d for women.
Autoimmune chronic hepatitis and cholestatic liver
diseases were diagnosed on the basis of international
[8-11]
standard criteria
. Organ- and non-organ-specific
autoantibodies were tested at the dedicated laboratory:
Anti-nuclear, anti-mitochondrial, anti-smooth muscle
and anti-liver/kidney microsome type 1 autoantibodies.
Autoantibodies were evaluated by indirect immunof
luorescence on murine liver and kidney. IgA, IgG and
IgM were detected with fluorescein isothiocyanate.
Hereditary hemocromatosis was diagnosed ac
cording to the presence of abnormal ferritin and
saturated transferring serum values, genetic test, or

WJG|www.wjgnet.com

RESULTS
The features of the cohort included in the study are
reported in Table 1. The overall number of enrolled
patients was 1163 (644 males, 55%), with a median
age of 52 (interquartile range: 40-62). Of this cohort,
528 (45%) had positivity for anti-HCV (35% HCValone) and 85 (7%) for HBV (6% HBV-alone). Among
the virus-free patients, 417 (36%) had metabolic
disorders. The remaining group included patients with
history of alcohol abuse, less prevalent causes of CLD
or concomitant conditions.
To gain insight into the temporal trend of the
etiological pattern of CLD, four periods (1998-2000,
2001-2003, 2004-2006, 2012-2014) were analyzed.
Focusing on the main etiologies, in comparison to
1998-2000 (41% of HCV alone), a reduction in HCVrelated cases was detected during the periods
2001-2003 (35% of HCV alone, OR = 0.75, 95%CI:
0.53-1.06), 2004-2006 (33% of HCV alone, OR =
0.70, 95%CI: 0.50-0.97) and 2012-2014 (31%, OR =
0.64, 95%CI: 0.46-0.91) (Table 2). On the contrary,
liver disease due to metabolic disorders increased from
31.2%, during the period 1998-2000, to 39% during
the period 2004-2006 (OR = 1.37, 95%CI: 0.99-1.91)
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Table 2 Hepatitis C virus Etiology by period
Patients, n

Period
1998-2000 (Ref.)
2001-2003
2004-2006
2012-2014

295
251
336
281

HCV

HCV alone

n (%)

OR (95%CI)

P value

n (%)

OR (95%CI)

P value

157 (53)
127 (51)
140 (42)
104 (37)

1
0.89 (0.63-1.24)
0.61 (0.45-0.84)
0.51 (0.36-0.71)

0.487
0.002
< 0.001

121 (41)
87 (35)
112 (33)
87 (31)

1
0.75 (0.53-1.06)
0.70 (0.50-0.97)
0.64 (0.46-0.91)

0.107
0.031
0.012

ORs were estimated by a logistic regression model adjusting for age and gender. HCV: Hepatitis C virus.

Table 3 Metabolic etiology by period
Patients, n

Period
1998-2000 (Ref.)
2001-2003
2004-2006
2012-2014

295
251
336
281

Metabolic

Metabolic alone

n (%)

OR (95%CI)

P value

n (%)

OR (95%CI)

P value

136 (46)
121 (48)
167 (50)
133 (47)

1
1.08 (0.77-1.51)
1.14 (0.83-1.56)
1.01 (0.73-1.41)

0.663
0.418
0.947

92 (31)
78 (31)
131 (39)
116 (41)

1
0.98 (0.68-1.41)
1.37 (0.99-1.91)
1.53 (1.09-2.16)

0.907
0.061
0.015

ORs were estimated by a logistic regression model adjusting for age and gender.

Table 4 Subgroup analysis hepatitis C virus etiology
Subgroup

Period

Age < 50 yr

Age ≥ 50 yr

1998-2000 (Ref)
2001-2003
2004-2006
2012-2014
1998-2000 (Ref)
2001-2003
2004-2006
2012-2014

Patients, n
132
114
155
111
163
137
181
170

HCV (interaction P = 0.407)

HCV alone (interaction P = 0.252)

n (%)

OR (95%CI)

n (%)

OR (95%CI)

68 (52)
53 (46)
70 (45)
45 (41)
89 (55)
74 (54)
70 (39)
59 (35)

1
0.80 (0.48-1.32)
0.74 (0.46-1.18)
0.55 (0.32-0.93)
1
0.96 (0.61-1.52)
0.51 (0.33-0.79)
0.46 (0.30-0.72)

61 (46)
35 (31)
55 (35)
37 (33)
60 (37)
52 (38)
57 (31)
50 (29)

1
0.51 (0.30-0.86)
0.62 (0.38-1.00)
0.52 (0.30-0.89)
1
1.03 (0.64-1.65)
0.77 (0.49-1.20)
0.75 (0.47-1.19)

ORs were estimated by a logistic model including an interaction between the variables age and period. HCV: Hepatitis C virus.

Table 5 Subgroup analysis metabolic etiology
Metabolic (interaction P = 0.300)
Subgroup
Age < 50 yr

Age ≥ 50 yr

Metabolic alone (interaction P = 0.058)

Period

Patients, n

n (%)

OR (95%CI)

n (%)

OR (95%CI)

1998-2000 (Ref.)
2001-2003
2004-2006
2012-2014
1998-2000 (Ref.)
2001-2003
2004-2006
2012-2014

132
114
155
111
163
137
181
170

56 (42)
54 (47)
64 (41)
52 (47)
80 (49)
67 (49)
103 (57)
81 (48)

1
1.21 (0.73-2.00)
0.93 (0.58-1.49)
1.08 (0.64-1.82)
1
0.98 (0.62-1.55)
1.36 (0.89-2.08)
0.97 (0.63-1.50)

44 (33)
41 (36)
52 (34)
44 (40)
48 (29)
37 (27)
79 (44)
72 (42)

1
1.10 (0.65-1.87)
0.97 (0.59-1.59)
1.16 (0.67-1.99)
1
0.87 (0.52-1.44)
1.81 (1.15-2.83)
1.86 (1.18-2.94)

ORs were estimated by a logistic model including an interaction between the variables age and period.

years) than in younger ones (from 29% to 44% and
42% in the former vs from 33% to 34% and 40% in
the latter group; OR = 1.81 vs 0.97, OR= 1.86 vs 1.16,
P = 0.058) (Table 5).

and 2012-2014 (41%, OR = 1.53, 95%CI: 1.09-2.16)
(Table 3).
Stratifying by age groups, no significant differences
were observed in CLD incidence due to HCV alone
between younger patients (< 50 years) and older
ones (≥ 50 years) (P = 0.252) (Table 4), whereas
the incidence of metabolic causes alone during the
period 2004-2006 and 2012-2014 in comparison to
1998-2000 tended to be higher in older patients (≥ 50
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DISCUSSION
The asymptomatic nature of mild CLD impedes the
accurate determination of its epidemiology. Hence,
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it is crucial, periodically, to perform studies aiming
at defining detailed incidence and prevalence of liver
diseases as well as their etiology.
The findings of our study show that in Northwest
Italy, the incidence and prevalence of HCV infection
decreased notably. This feature is supported by
studies reporting a sharp decline in viral infections in
hepatology settings more in Northern than in Central
and Southern Italy. In a multicentre study including
more than 6000 inpatients and outpatients, admitted
for increase in liver enzymes in the year 2001, 62.6%
had HCV alone, 9.2% HBV alone and about 13% nonviral causes. With regard to Northern Italy, HCV alone
was reported in the 33.2% of cases, equivalent to our
33.3%, while NAFLD was diagnosed in the 34.2% of
[1]
cases , similarly to 39% of our study in the period
2004-2006. Hence, the findings of our facility, that was
not involved in the above reported study, independently
confirm the changes in epidemiology of CLD of the
same area. Quite different is the situation in Southern
Italy, where results of the SCIROCCO Study Group for
Liver Disease, have found that 62.9% of cases of CLD
were HCV positive, 11.9% were HBV positive, 1.3%
were HBV/HCV co-infected, 11.6% had an alcoholic
[15]
liver disease and 10.1% had NAFLD . Thus, in the
South of Italy, viral infection still remains the most
common etiology and the main cause for referral to
centers dedicated to hepatology. These findings are
similar to those obtained in a US population-based
study, performed in Connecticut (New Haven County),
Oregon (Multnomah) and California (Oakland) in the
period 1999-2001, where HCV alone (42%) or in
combination with alcoholic liver disease (22%) were
the principal causes of CLD, followed by NASH for 9%
[16]
and HBV for 3% .
Considering the general population, in Northern
Italy, the Dionysos study, collecting data of 6917
inhabitants of 2 towns (Campogalliano and Cormons),
reported that the overall prevalence of anti-HCVpositivity was 3.2%. When classified by age, the
prevalence was rather low (< 1%) in subjects younger
than 40 years but it raised markedly in subjects older
[17]
than 60 years reaching a value of 10% . According
to some studies, this trend is in keeping with the so[18]
[18]
called “cohort-effect” . For instance, La Torre et al
estimated the HCV infection trends in Italy during the
years 1996-2006. A strong reduction in HCV infection
was observed (-12.45%), with no differences according
to gender (-12.23% in males and females -12.8% in
females). When stratified by age, the incidence rate
decreased significantly, from 2.02 (age < 65 years) to
0.55 (age > 65 years) per 100000, without differences
among groups. Moreover, with the new treatments
based on direct antiviral agents (DAAs), that directly
inhibit HCV replication targeting different viral-encoded
proteins, a further drop in the prevalence of HCV can
[19]
be expected in the next years . Currently, since the
DAA treatment for HCV has been introduced in our
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region in January 2015, an impact in the reduction of
HCV prevalence found in our cohort could be excluded.
Whether immigration is affecting the hepatitis virus
epidemiology in Italy remains to be clarified.
Tightly linked to obesity and metabolic syndrome,
NAFLD is emerging as potentially the overriding liver
[20]
disease of the near future . In our study there was
an increase in rate of diagnosis of NAFLD. Although
the latter was present in all cohorts, it was significantly
higher in older than in younger subjects. Considering
that an Italian multicentre cross-sectional study has
shown that 23% of cases of hepatocellular carcinoma
(HCC) occurred in virus-free patients with an increasing
prevalence in the elderly, the issue of the age needs to
be highlighted. Surveillance resulted an independent
predictor for either single HCCs less than 2 cm or HCCs
[21]
meeting the Milan criteria detection . Moreover, in a
cohort of US veterans, NAFLD and metabolic syndrome
resulted the principal risk factors of 13% of patients
[22]
with HCC without signs of cirrhosis . Thus, the strict
surveillance of these type of patients, in particular in
elderly, is mandatory. This is more relevant considering
that almost half of NAFLD patients have normal liver
[2]
enzyme levels .
As part of the prevention program, an important
role is played by behavior therapy for NAFLD. This
[23,24]
is supported by previous observational studies
and finally by a more recent randomized controlled
[25]
trial . In the near future, therapeutic and behavior
interventions might be supported by new technologies,
such as smartphone applications and web-based
platforms in order to permit an interactive engagement
[26]
between patients and physicians .
In contrast with several studies conducted in
general populations or in specific cohorts (for example
blood donors) with short period analysis, our study
evaluated the incidence of the main etiologies in a
hepatology setting during a long period. This could be
important for health policy of resource allocation. The
health sector is characterized by vast demand and a
lack of funds due to budget constraints. Prioritization
is therefore necessary. Updating disease burden data
is thus crucial in developing policy and prevention
strategies, prioritizing research and appropriately
allocating resources.
Some limitations of the present study have to be
recognized. Estimates resulting from our outpatient
clinic does not represent the general population.
Nevertheless, data sources were critically assessed
to avoid under- or over-estimation and to make sure
that the results were consistent with general Italian
[18]
population epidemiology . The potential heterogeneity
in collecting data is limited both by the fact that, in
[7]
our outpatient clinic , all authors follow International
Guidelines and that data were not collected in an
outpatient clinic dedicated to a specific etiology (for
example, exclusive for NASH or for viral hepatitis)
but in a general hepatology one. As the primary aim
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of our study was the definition of the epidemiologic
pattern of these diseases over time, no data regarding
CLD stages are provided. Another limitation is the lack
of data in the period 2007-2012, due to the logistic
problems above described.
In conclusion, our study carried out in a large
population shows that, in Northwest Italy, there is a
trend towards a decline in viral CLD and a relevant
increase in liver diseases due to metabolic disorders.
These results suggest the need for a strategy of
rigorous counseling in the whole population, and
particularly, in subjects with metabolic disorders.
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Abstract
AIM
To develop a prognostic scoring system for overall
survival (OS) of patients undergoing liver resection (LR)
for hepatocellular carcinoma (HCC).
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METHODS
Consecutive patients who underwent curative LR for
HCC between 2000 and 2013 were identified. The series
was randomly divided into a training and a validation
set. A multivariable Cox model for OS was fitted to the
training set. The beta coefficients derived from the Cox
model were used to define a prognostic scoring system
for OS. The survival stratification was then tested,
and the prognostic scoring system was compared with
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the European Association for the Study of the Liver
(EASL)/American Association for the Study of Liver
Diseases (AASLD) surgical criteria by means of Harrell’s
C statistics.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequent
primary tumor of the liver, and it is the third cause of
[1]
cancer death worldwide . Most HCC cases (from 65%
to 90%) occur in the context of chronic hepatitis and
[2]
cirrhosis , which are attributable mainly to chronic
hepatitis B virus or hepatitis C virus (HCV) infections,
followed by chronic alcohol abuse, obesity and diabe
[3]
tes . The estimated rate of each of these risk factors
varies depending on the different regions of the world.
The prognosis of patients with HCC and the choice
among the available therapeutic options, largely dep
ends on tumor extension and underlying liver function.
According to the European Association for the Study
[4]
of the Liver (EASL) and the American Association
[5]
for the Study of Liver Diseases (AASLD) guidelines,
treatment allocation is routed by the Barcelona Clinic
[6]
Liver Cancer staging system (BCLC) . In particular
liver resection (LR) is considered as the first-line
treatment only for patients at an early stage of the
disease, namely those with an optimal liver function
(Child-Pugh A, normal bilirubin and absence of clinically
relevant portal hypertension), a preserved physical
condition (ECOG Performance Status of 0), and a
single tumor nodule with no evidence of extra-hepatic
spread nor involvement of major vascular structures.
In this subset of optimal patients, a 5-year overall
survival (OS) of approximately 70% may be expected,
[7]
similar to that of liver transplantation . Several field
practice studies have ascertained that LR is often
offered outside these conventional indications, and
various authors reported acceptable survival rates
for patients with HCC resected at a more advanced
[8,9]
stage because of macrovascular invasion , multiple
[10,11]
nodules or impaired liver function
. In addition,
more recent studies demonstrate a survival benefit of
radical surgery with respect to the available treatment
[12-14]
alternatives across the different BCLC stages
.
The objective of this study is to investigate the
prognostic factors for survival of patients who under
went LR for HCC at two referral centers - in which the
surgical indication was not restricted to the current
guidelines - and to build a prognostic scoring system
to stratify post-treatment prognosis and possibly to
expand the actual western indications to LR without
harmful adverse outcomes.

RESULTS
A total of 917 patients were considered. Five variables
independently correlated with post-LR survival: Model
for End-stage Liver Disease score, hepatitis C virus
infection, number of nodules, largest diameter and
vascular invasion. Three risk classes were identified,
and OS for the three risk classes was significantly
different both in the training (P < 0.0001) and the
validation set (P = 0.0002). Overall, 69.4% of patients
were in the low-risk class, whereas only 37.8% were
eligible to surgery according to EASL/AASLD. Survival
of patients in the low-risk class was not significantly
different compared with surgical indication for EASL/
AASLD guidelines (77.2 mo vs 82.5 mo respectively, P
= 0.22). Comparison of Harrell’s C statistics revealed
no significant difference in predictive power between
the two systems (-0.00999, P = 0.667).
CONCLUSION
This study established a new prognostic scoring system
that may stratify HCC patients suitable for surgery,
expanding surgical eligibility with respect to EASL/
AASLD criteria with no harm on survival.
Key words: Hepatocellular carcinoma; Liver resection;
Liver cirrhosis; Prognosis; Survival study
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: European Association for the Study of the
Liver (EASL)/American Association for the Study of Liver
Diseases (AASLD) guidelines recommend liver resection
(LR) for hepatocellular carcinoma (HCC) only for single
nodules of any size in patients without tumor related
symptoms, no clinically significant portal hypertension
and normal bilirubin. In this study we investigated the
prognostic factors for survival of patients who under
went LR for HCC. We built a prognostic scoring system
to stratify post-resection prognosis, and we identified a
larger subset of patients with an expected survival that
equates that of patients undergoing LR according to
guidelines. Thus, the current EASL/AASLD indications
for LR can be safely expanded, with no detrimental
effect on patients’ prognosis.

MATERIALS AND METHODS
Sposito C, Di Sandro S, Brunero F, Buscemi V, Battiston C,
Lauterio A, Bongini M, De Carlis L, Mazzaferro V. Development
of a prognostic scoring system for resectable hepatocellular
carcinoma. World J Gastroenterol 2016; 22(36): 8194-8202
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i36/8194.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i36.8194
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From January 2000 to March 2013 data from all pat
ients who underwent a curative LR for HCC at the
Departments of Gastrointestinal Surgery and Liver
Transplantation of the Istituto Nazionale dei Tumori
and the Ospedale Niguarda Ca’ Granda of Milan
were prospectively collected and entered in a master
database. Patients with extrahepatic disease at
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a tumor-free margin of at least 1 cm and eventually
decide on resectability. Anatomical resection was
always attempted although the final decision on it was
strictly dependent on the patient’s tumor and liver
conditions. Surgery was always performed within a
fluid minimization protocol, particularly during hepatic
dissection; a central venous pressure lower than 5
mm/Hg was targeted.

diagnosis and patients who were censored within two
months were excluded from the present study. The
master database contained 138 variables, including
demographic, clinical, laboratory, treatment and survival
data of each patient. The data were retrieved from the
database for the purpose of this study after approval
from the local institutional review boards.

Criteria for diagnosis and indication for LR

Follow-up schedule

Criteria for HCC diagnosis were in accordance with
[4,5,15]
EASL/AASLD guidelines evolution
. The diagnosis
of HCC was made on sequential contrast-enhanced
imaging studies [chest computed tomography (CT),
magnetic resonance imaging (MRI), or ultrasound]
unless one study conclusively demonstrated a tumor
with arterial enhancement and venous washout.
In cases lacking conclusive radiological diagnosis,
ultrasound-guided biopsy was used in both centers.
LR was performed within conventional guidelines
but also beyond EASL/AASLD recommendations in all
patients in whom surgical tumor removal was possible
with a risk/benefit ratio in favor of surgical indication
when compared with other available options such as
liver transplantation, loco-regional therapies (ablation,
transarterial chemoembolization or radioembolization)
or systemic therapies (Sorafenib). Indication for
surgery was always discussed in a multidisciplinary
HCC board with hepatologists, oncologists, radiologists
and surgeons.

After hospital discharge, patient follow-up was performed
in a dedicated liver cancer clinic with hepatological and
surgical competences in place to treat the underlying
liver diseases and detect possible recurrence of HCC.
Physical examination, biochemistry with AFP level
measurement, chest CT scan and contrast-enhanced
abdominal CT scan or MRI were performed every 4 mo
for the first two years and every 6 mo thereafter. Anticancer treatment was not applied until recurrence.
When recurrence was noted, each patient was treated
according to disease presentation.

Statistical analysis

Categorical variables were reported as the number
of cases and percentage; continuous variables were
expressed as median and interquartile range (IQR).
OS was estimated by the Kaplan-Meier method and
calculated from the time from the date of hepatic
resection to the earliest of death or last follow-up
evaluation. For patients who underwent liver transplant
(LT) either for HCC recurrence or end-stage liver
disease, survival was censored the day before LT.
All eligible patients were randomly allocated into
a training set or a test set in an approximately 1:1
ratio with seed set (16438) to make the procedure
reproducible. For all subjects an independent uniform
variable was generated and rounded to the closest
integer: Two groups were identified according to the
0/1 result. The characteristics of patients in the training
and test sets were compared using the Pearson chisquare test (or Fisher exact test, if necessary) for
categorical variables, the Student t-test for continuous
variables and the log-rank test for time-to-event data.
In the training set a Cox proportional hazards
regression model was used to identify the baseline
preoperative characteristics predicting OS, and those
variables identified as significant in the univariate
analysis at the level of P < 0.05 were tested in the
multivariable setting. The proportionality assumption
was verified by Schoenfeld residual analysis. A
prognostic score was then derived using the inde
pendent variables weighed according to the estimated
β regression coefficient of the final Cox model. The
risk estimate associated with each point was then
calculated using the Cox proportional hazards model
according to the formula:
p
p
^
p = 1 - S0 (t)exp (∑i = 1 β iX i - ∑i = 1 β iX i)

Preoperative workup and definitions

No neoadjuvant locoregional/systemic treatments were
indicated before surgery. Chest CT scan and contrastenhanced abdominal CT scan or MRI were used for
preoperative staging and volume assessment. The day
before surgery, a thorough physical examination was
accomplished, together with a complete biochemistry
panel including serum alpha-fetoprotein (AFP) levels,
and an indocyanine green retention test at 15 min.
Liver function and reserve were determined according
to the Child-Turcotte-Pugh (CTP) and Model for Endstage Liver Disease (MELD) scores. Presence of
clinically relevant portal hypertension was defined as
the presence of esophageal or gastric varices detectable
at endoscopy or splenomegaly (major diameter > 12
3[5]
cm) with a platelet count < 100000/mm . Minor hepa
tectomy was defined as the resection of ≤ 2 adjacent
[16]
liver segments .

Perioperative management

All patients received low-molecular weight heparin the
day before surgery and 2 g of cefazolin 30 min before
skin incision. After accessing the peritoneal cavity,
patients underwent complete abdominal exploration.
Intra-operative ultrasound was used to assess tumor
characteristics, exclude the presence of adjunctive focal
lesions in the liver, ascertain intrahepatic vascular and
biliary anatomy, individualize the resection plane with
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Three prognostic stages (low risk, medium risk
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Table 1 Baseline patients’ characteristics and comparison between the training and validation sets n (%)

Age (yr)
Gender, male
ECOG PS
0
1-2
Child-Pugh
A
B
MELD score
Etiology
Cryptogenic
HBV only
HCV only
Alcohol
HBV + HCV
HCV infection
Portal hypertension
Platelet count (103/µL)
AFP, ng/mL (n = 663)
ICG-R15 (n = 400)
Total bilirubin (≥ 1.2 mg/dL)
Number of lesions (> 3)
Largest diameter (> 5 cm)
Portal invasion
Extent of hepatectomy (major)
Follow-up status (dead)
Follow-up time (mo)
Overall survival

Training set (n = 480)

Validation set (n = 437)

P value

67 (61-73)
374 (77.9)

68 (61-73)
331 (75.7)

0.684
0.436
0.362

452 (94.2)
28 (5.8)

405 (92.7)
32 (7.3)

453 (94.4)
27 (5.6)
8 (7-10)

401 (91.8)
36 (8.2)
8 (7-10)

104 (21.7)
94 (19.6)
222 (46.25)
48 (10.0)
12 (2.5)
247 (51.5)
165 (34.4)
157 (25-505)
14.3 (4.7-121.5)
15 (6.1-25)
148 (30.8)
10 (2.1)
143 (29.8)
22 (4.6)
85 (17.7)
240 (50.0)
35.9 (16.3-61.0)
59.3 (50.2-66.6)

88 (20.1)
71 (16.2)
217 (49.7)
45 (10.3)
16 (3.7)
246 (56.3)
155 (35.5)
154 (26-914)
11.4 (4.3-71)
16 (7.7-22.3)
126 (28.8)
10 (2.3)
124 (28.4)
14 (3.2)
78 (17.8)
202 (46.2)
32.5 (16.7-55.8)
56.4 (47.0-75.8)

0.118

0.791
0.516

0.142
0.728
0.779
0.160
0.424
0.509
0.832
0.637
0.283
0.956
0.253
0.254
0.833

Continuous variables are reported as median values and interquartile range, categorical variables as the number of cases and percentage. Patients’
characteristics in the two sets are compared using the Pearson χ 2 test (or Fisher exact test, if necessary) for categorical variables, the Student t-test for
continuous variables and the log-rank test for time-to-event data. ECOG PS: Eastern Cooperative Oncology Group Performance Status; MELD: Model for
End-stage Liver Disease; AFP: α-fetoprotein; ICG-R15: Indocyanine green retention test at 15 min.

(IQR: 61-73 years). The majority of patients were
men (705 subjects, 76.9%) and were predominantly
classified as “fully active” (ECOG PS 0, 93.5%). Eighthundred fifty-three patients (93.1%) had CTP grade
A liver function, and 616 patients (72.1%) had MELD
[19]
score less than or equal to 9 . In the majority of
cases (46.2%), HCV was the etiology of liver disease
and 320 patients (35%) had clinically relevant portal
hypertension. Two-hundred sixty-seven patients
(29.1%) had a tumor size greater than 5 cm and 897
subjects (97.8%) had up to three tumor nodules.
Portal invasion was detected in 36 patients (3.9%).
Thirty- and ninety-day mortality rates were 1.1% and
3.5%. Median follow-up of the entire series was 58.1
mo (95%CI: 52.3-63.9). During follow-up 442 deaths
were registered. Survival at 5 and 10 years and median
survival were 49.3%, 26.2% and 58.7 mo (95%CI:
51.5-65.9) respectively. Recurrence-free survival (RFS)
at 3 and 5 years and median RFS were 43.7%, 31.8%
and 28.8 mo (95%CI: 25.0-35.6) respectively.
Among the 917 patients, 480 (52.34%) and 437
(47.66%) were assigned randomly to the training set
and the validation set, respectively. The demographic,
clinical and laboratory characteristics of patients assigned
in the two sets are presented in Table 1. Overall, the
patients in the training and the validation sets shared

and high risk of death at 5 years from surgery) were
identified according to the changes in the risk estimates
for each point increase of the score. OS curves in the
training and test sets for the three prognostic stages
were obtained with the Kaplan-Meier method and
compared by means of log-rank test.
Patients in the “low-risk” category were considered
as “optimal candidates for surgery” according to the
model’s predicted survival; the dichotomization of the
model (optimal vs non-optimal candidate for surgery)
was then compared with the EASL/AASLD indications
[17]
through calculation of Akaike Information Criteria ,
[18]
comparison of Harrell’s C statistics
and comparison
of survival rates at 5 years.
All analyses were 2-tailed and the threshold of
significance was assessed at P < 0.05. The statistical
®
analysis was performed using STATA , version 13
(StataCorp LP, United States). The statistical methods
of this study were reviewed by Dr. Federica Brunero,
Clinical Trial Office and Biomedical Statistic, Fondazione
IRCCS Istituto Nazionale Tumori, Milan, Italy.

RESULTS
A total of 917 eligible adult HCC patients were included.
Overall, the median age at presentation was 67 years
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7
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6
5

High risk
(3-9 points)

4
3
2
1
0

Intermediate risk
(2 points)
Low risk
(0-1 points)
0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Risk estimate

Figure 1 Scoring system according to risk estimates of death at 5-yr. Patients are considered at low risk with a score = 0-1 (risk estimates: 0.347-0.459),
intermediate risk with a score = 2 (risk estimate: 0.59), and high risk with a score = 3-9 (risk estimates: 0.723-1).

proportional hazards model, and three risk stages were
defined according to changes in the risk estimates for
each point increase (Figure 1): Low risk: 0 to 1 points
Intermediate risk: 2 points; High risk: 3 to 9 points.
OS curves for the three prognostic stages are
presented in Figure 2. In the training set, a significant
difference in survival between the three stages was
2
demonstrated (χ = 33.56 and P < 0.000), and this
2
finding was confirmed in the validation set (χ = 23.67
and P = 0.0002). When considering the case series
as a whole, 5-year, 10-year and median survival were
57.2%, 31.2% and 77.2 mo (95%CI: 67.4-87.0)
respectively in the low risk category, 40.3% 22.6%
and 41.7 mo (95%CI: 34.7-48.7) respectively in the
intermediate category and 22.3% 13.4% and 17.4
mo (95%CI: 10.1-24.6) respectively in the high risk
category (P < 0.000). Three-year, 5-year and median
RFS were 46.4%, 33.8% and 31.5 mo (95%CI:
25.3-35.7) respectively in the low risk category, 40.1%
28.1% and 29.9 mo (95%CI: 25.6-34.2) respectively
in the intermediate category and 34.5% 25.9% and
12.5 mo (95%CI: 2.8-22.2) respectively in the high
risk category (P = 0.020). Details on sites of HCC
recurrence and treatments for recurrence are shown in
supplementary Table 2.

Table 2 Multivariable Cox proportional hazards regression
model (training set) and relative point system
Variable

HR

MELD score ≤ 9
MELD score > 9
HCV infection absent
HCV infection present
Number of lesions ≤ 3
Number of lesions > 3
Largest diameter ≤ 5 cm
Largest diameter > 5 cm
Portal invasion absent
Portal invasion present

95%CI

P value

β

1.444 (1.080-1.931)

0.013

0.3674

1.468 (1.112-1.937)

0.007 0.3839

3.253 (1.434-7.380)

0.005 1.1795

1.459 (1.085-1.963)

0.012 0.3779

3.500 (2.016-6.073)

< 0.001 1.2526

Points
0
1
0
1
0
3
0
1
0
3

MELD: End-stage Liver Disease; HCV: Hepatitis C virus.

similar characteristics, including survival and censoring
pattern. Greater than 50% of patients presented with
an active HCV infection. Because HCV infection was the
prevalent aetiology of cirrhosis, we chose to compare it
with all the other aetiologies grouped.

Development of the prognostic classification score

Results of the univariate analysis on preoperative
characteristics are presented in Supplementary Table
1. Those preoperative variables identified as signi
ficant in the univariate analysis at the level of P <
0.05 were fitted in a multivariable Cox proportional
hazards regression model within the training set.
The proportionality of hazard ratios for all levels of all
prognostic factors was verified. The beta coefficients
were transformed into relative points and a point
system was constructed according to the method
[20]
described by Sullivan et al (Table 2).
The total score ranged between 0 and 9. The risk
estimates were calculated for each score using the Cox

WJG|www.wjgnet.com

Identification of the ideal candidates for surgery and
comparison with the EASL/AASLD guidelines

Patients in the low-risk category were considered as
ideal candidates for LR according to the predicted
survival. This criterion allowed the inclusion of 314
patients considered non-ideal candidates according to
EASL/AASLD guidelines.
Overall, 593 patients (69.4% of the total of 854
evaluable patients according to both classifications)
were ideal candidates for LR according to the proposed
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38
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Figure 2 Kaplan-Meier survival estimates for the risk classes in the training set (A) and the test set (B).
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Table 3 Median overall survival and 1- 3- and 5-year survival probabilities for ideal and nonideal candidates for liver resection according to European Association for the Study of the Liver/
American Association for the Study of Liver Diseases and the current study

EASL/AASLD
Current study

No. Of patients (%)

Median OS (95%CI)

5-yr OS

10-yr OS

323 (37.8)
531 (62.2)
593 (69.4)
261 (30.6)

83 (73-108)
46 (41-52)
77 (64-44)
38 (30-44)

64.4
42.0
57.2
35.8

37.0
21.2
31.2
20.0

Ideal
Non-ideal
Ideal
Non-ideal

EASL: European Association for the Study of the Liver; AASLD: American Association for the Study of Liver Diseases.

Milan score, whereas only 323 patients were ideal
candidates for LR according to the EASL/AASLD
guidelines (37.8% of the total). This finding resulted
in a net increase of 31.6% of patients with ideal
indication for LR.
Comparison with the EASL/AASLD surgical guid
elines was performed by means of AIC, Harrell’s C
statistics and 5-year survival rates. AIC for EASL/
AASLD surgical guidelines was 5323.259 and AIC for
the Milan score was 4683.745. Harrell’s C was 0.5971
and 0.5849 for the EASL/AASLD surgical guidelines
and the proposed criteria respectively (P = 0.617),
showing that there is no evidence that the two systems
have different predictive power.
The 5-year survival rates for patients who are ideal
candidates for surgery according to the two systems
were not significantly different (z = -1.6022, P = 0.06),
and median survivals did not differ (z = -0.789, P =
0.22) (Table 3).

the East and in the West adopt a more liberal approach
to LR in HCC that does not strictly follow the guidelines.
In a recent large multicentre series of patients resected
for HCC, less than 30% of cases were considered as
ideal candidates for resection according to the current
[12]
guidelines .
In this study, we retrospectively analyzed a large
series of approximately 1000 HCC patients who
underwent LR at two hospitals in Milan (Italy) with
large volumes of activity. Both centres offered LR even
outside the current EASL/AASLD guidelines, and indeed
greater than 60% of patients were considered as nonideal candidates for LR. At baseline, patients presented
with clinically relevant portal hypertension and/or
abnormal bilirubin in greater than 30% of cases and
had multifocal tumors in greater than 20% of cases. In
addition, the maximum tumor size was larger than 5
cm in greater than 30% of cases. The low perioperative
mortality of 3.5% observed at 3 mo and the long followup of nearly 60 mo allowed a thorough analysis of those
preoperative factors that independently influenced the
long-term survival of these patients. To reduce the bias
deriving from the absence of an external validation
cohort, the case series was randomly divided into a
training set and a validation set. We then performed
the uni- and multivariable analysis on the training
set. As expected, the independent variables related to
survival were liver related (MELD score > 9, presence
of active HCV infection) and tumor related (number
of nodules > 3, the largest diameter of nodules > 5
cm and presence of portal invasion). Interestingly,
[22]
as previously observed , clinically relevant portal
hypertension did not independently affect survival. The
same occurred for bilirubin above normal levels, which
was not independently associated with survival when a
composite score, such as MELD, was introduced in the
multivariable analysis.
According to the weight of each factor inde
pendently related with survival and the corresponding
risk estimates, an easy-to-determine prognostic
scoring system was built. Then, according to changes
in the risk estimates for each point increase, a
stratification in three prognostic strata was computed:
low (0-1 points), intermediate (2 points) and high (3-9
points) risk population. The corresponding median
survivals were 77.2 mo (95%CI: 67.4-87.0), 41.7 mo
(95%CI: 34.7-48.7) and 17.4 mo (95%CI: 10.1-24.6),
respectively (P < 0.0001). The significant difference

DISCUSSION
LR still represents the cornerstone for any curability
attempt in patients with HCC. A large burden of
surgical literature has challenged the current Western
guidelines. However, LR for HCC is recommended
only for single nodules of any size in patients without
tumor related symptoms, no clinically significant portal
[4,5]
hypertension and normal bilirubin . If this profile is
not fulfilled, postoperative morbidity may increase,
and long-term survival may be significantly reduced.
In contrast, when patients meet these criteria, longterm survival may equate that of LT. Thus, LR under
restricted conditions maintains its role as a first-line
[7]
therapeutic option in patients with early HCC . The
restrictive approach indicated by Western guidelines
[21]
was established more than 15 years ago , and its
conservative recommendations for surgical indications
have not evolved over time despite the significant
improvement in surgical techniques and technologies
and their reflections on patient outcomes. An extension
of the recommendations has been repeatedly
suggested given that resection can be attempted
with high rates of technical success and acceptable
survival rates in patients with clinically significant portal
[22]
[10]
hypertension , multiple nodules
or intrahepatic
[9]
vascular invasion . In this context, it is not surprising
to observe that experienced surgical centres both in
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in survival, overall and between strata, was confirmed
also in the validation set and the entire cohort. This
scoring system allows prospecting the post-surgical
outcomes by assessing five easily accessible chara
cteristics and thus may help clinicians when selecting
between different treatment options for HCC patients.
Patients in the low-risk category were considered
as ideal candidates for LR according to the observed
survival of approximately 60% at 5 years, which
approximates that of patients undergoing LT for HCC.
This finding allowed to consider 593 patients (69.4% of
the total of 854 evaluable patients) as “ideal candidates”
for resection with respect to patients who would have
been considered as “ideal candidates” according to
EASL/AASLD guidelines (less than 40% patients) and
resulted in a net increase of 31.6% of patients with
indication for LR. The predictive power of the proposed
criteria in the identification of the ideal candidate for
resection was similar to that of the current guidelines in
terms of AIC and Harrel’s C statistics. Most importantly,
inclusion of a significantly increased number of patients
in the definition of “ideal candidates” did not result in a
significant decrease in terms of survival. After all, the
proposed score broadens and enhances the concept
of “surgical HCC” that is often discarded in the hepatooncology community due to an insufficient definition
and poor evidence.
There are some limitations of this study. Firstly,
despite prospective data collection, this is a retros
pective study performed in only two high-volume
centres. An external validation in a different population
is required to strengthen the study results. Secondly,
a different method of defining the training set could
have been chosen, e.g., the bootstrapping method,
although the presented sample size was sufficiently
large to meet generalizability criteria. Thirdly, active
HCV infection was identified as an independent
prognostic factor in this series, and this result may not
totally apply in other settings where other aetiologies
of cirrhosis are prevalent. In this respect, the recent
introduction of direct antiviral agents to treat HCV
infection may reveal other factors with a significant
weight on patients’ prognosis in the future. Finally,
this study included only patients who underwent open
LRs. Some factors, particularly those related to liver
function, may have less significant impacts on longterm outcomes for patients undergoing laparoscopic
[23]
LR .
In conclusion, this study provides an easily accessible
tool to stratify the prognosis of patients undergoing
LR for HCC. The identified subset of patients at low
risk could enter the group of ideal candidates for LR
given that their prognosis approaches that of patients
undergoing LT for HCC. The proposed criteria may
expand safely the current EASL/AASLD indications for
LR with no detrimental effect on patient prognosis.
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COMMENTS
Background

The prognosis of patients with hepatocellular carcinoma (HCC) largely depends
on tumor extension and underlying liver function. According to Western
Guidelines, liver resection (LR) is considered as the first-line treatment only
for a restricted subset of patients with an optimal liver function, a preserved
physical condition and a single tumor nodule with no evidence of extra-hepatic
spread or involvement of major vascular structures. If this profile is fulfilled,
postoperative morbidity is low and long-term survival may equate that of liver
transplantation.

Research frontiers

Several field practice studies have ascertained that LR is often offered
outside Western guidelines, and various authors reported acceptable survival
rates for patients with HCC resected at a more advanced stage because of
macrovascular invasion, multiple nodules or impaired liver function. In addition,
more recent studies demonstrate a survival benefit of radical surgery with
respect to the available treatment alternatives across the different Barcelona
Clinic Liver Cancer staging system stages.

Innovations and breakthroughs

The authors analyzed a large consecutive series of patients who underwent LR
for HCC at two Italian centres, of whom greater than 60% of cases were outside
Western guidelines. Five variables were identified as independently related
to survival: Model for End-stage Liver Disease score > 9, presence of active
hepatitis C virus infection, number of nodules > 3, largest diameter of nodules >
5 cm and presence of portal invasion. According to the weight of each variable,
an easy-to-determine prognostic scoring system was built that allowed the
identification of three risk strata with significantly different survival rates. Overall
survival of patients in the low-risk strata was similar to that of patients who
underwent LR according to Western guidelines. Considering LR patients in the
low-risk strata as “ideal candidates” allowed a net increase of 31.6% of patients
with indication for LR with respect to Western guidelines.

Applications

This scoring system allows assessment of the post-surgical outcomes by
assessing five easily accessible characteristics and thus may help clinicians
when selecting between different treatment options for HCC patients. Inclusion
of a significantly higher number of patients in the definition of “ideal candidates”
did not result in a significant decrease in terms of survival. Thus, the proposed
score may broaden and enhance the concept of “surgical HCC” that is often
discarded in the hepato-oncology community due to an insufficient definition
and poor evidence.

Terminology

Ideal candidates for LR according to Western guidelines are defined by
an optimal liver function (Child-Pugh A, normal bilirubin and absence of
clinically relevant portal hypertension), a preserved physical condition (ECOG
Performance Status of 0), and a single tumor nodule with no evidence of extrahepatic spread or involvement of major vascular structures.

Peer-review

The study is interesting and trough a sophisticated statistical analysis of a large
group of patients, provides a demonstration of the possibility to expand the
obsolete European Association for the Study of the Liver/American Association
for the Study of Liver Diseases guidelines. The topic is important and this is a
well-organized study.

REFERENCES
1

8201

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo
M, Parkin DM, Forman D, Bray F. Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN
2012. Int J Cancer 2015; 136: E359-E386 [PMID: 25220842 DOI:

September 28, 2016|Volume 22|Issue 36|

Sposito C et al . Prognostic scoring system for resectable HCC

2
3
4

5
6
7

8

9

10

11

12

13

10.1002/ijc.29210]
Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular carcinoma
in cirrhosis: incidence and risk factors. Gastroenterology 2004; 127:
S35-S50 [PMID: 15508101 DOI: 10.1053/j.gastro.2004.09.014]
El-Serag HB. Hepatocellular carcinoma. N Engl J Med 2011; 365:
1118-1127 [PMID: 21992124 DOI: 10.1056/NEJMra1001683]
European Association For The Study Of The Liver; European
Organisation For Research And Treatment Of Cancer. EASLEORTC clinical practice guidelines: management of hepatocellular
carcinoma. J Hepatol 2012; 56: 908-943 [PMID: 22424438 DOI:
10.1016/j.jhep.2011.12.001]
Bruix J, Sherman M. Management of hepatocellular carcinoma: an
update. Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI:
10.1002/hep.24199]
Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma.
Lancet 2012; 379: 1245-1255 [PMID: 22353262 DOI: 10.1016/
S0140-6736(11)61347-0]
Llovet JM, Fuster J, Bruix J. Intention-to-treat analysis of
surgical treatment for early hepatocellular carcinoma: resection
versus transplantation. Hepatology 1999; 30: 1434-1440 [PMID:
10573522 DOI: 10.1002/hep.510300629]
Shi J, Lai EC, Li N, Guo WX, Xue J, Lau WY, Wu MC, Cheng
SQ. Surgical treatment of hepatocellular carcinoma with portal
vein tumor thrombus. Ann Surg Oncol 2010; 17: 2073-2080 [PMID:
20131013 DOI: 10.1245/s10434-010-0940-4]
Roayaie S, Jibara G, Taouli B, Schwartz M. Resection of
hepatocellular carcinoma with macroscopic vascular invasion. Ann
Surg Oncol 2013; 20: 3754-3760 [PMID: 23884750 DOI: 10.1245/
s10434-013-3074-7]
Torzilli G, Belghiti J, Kokudo N, Takayama T, Capussotti L,
Nuzzo G, Vauthey JN, Choti MA, De Santibanes E, Donadon
M, Morenghi E, Makuuchi M. A snapshot of the effective
indications and results of surgery for hepatocellular carcinoma
in tertiary referral centers: is it adherent to the EASL/AASLD
recommendations?: an observational study of the HCC East-West
study group. Ann Surg 2013; 257: 929-937 [PMID: 23426336 DOI:
10.1097/SLA.0b013e31828329b8]
Ishizawa T, Hasegawa K, Aoki T, Takahashi M, Inoue Y,
Sano K, Imamura H, Sugawara Y, Kokudo N, Makuuchi M.
Neither multiple tumors nor portal hypertension are surgical
contraindications for hepatocellular carcinoma. Gastroenterology
2008; 134: 1908-1916 [PMID: 18549877 DOI: 10.1053/
j.gastro.2008.02.091]
Roayaie S, Jibara G, Tabrizian P, Park JW, Yang J, Yan L,
Schwartz M, Han G, Izzo F, Chen M, Blanc JF, Johnson P, Kudo
M, Roberts LR, Sherman M. The role of hepatic resection in the
treatment of hepatocellular cancer. Hepatology 2015; 62: 440-451
[PMID: 25678263 DOI: 10.1002/hep.27745]
Yin L, Li H, Li AJ, Lau WY, Pan ZY, Lai EC, Wu MC, Zhou WP.

14

15

16
17
18
19

20

21
22

23

Partial hepatectomy vs. transcatheter arterial chemoembolization
for resectable multiple hepatocellular carcinoma beyond Milan
Criteria: a RCT. J Hepatol 2014; 61: 82-88 [PMID: 24650695
DOI: 10.1016/j.jhep.2014.03.012]
Vitale A, Burra P, Frigo AC, Trevisani F, Farinati F, Spolverato
G, Volk M, Giannini EG, Ciccarese F, Piscaglia F, Rapaccini GL,
Di Marco M, Caturelli E, Zoli M, Borzio F, Cabibbo G, Felder M,
Gasbarrini A, Sacco R, Foschi FG, Missale G, Morisco F, Svegliati
Baroni G, Virdone R, Cillo U. Survival benefit of liver resection for
patients with hepatocellular carcinoma across different Barcelona
Clinic Liver Cancer stages: a multicentre study. J Hepatol 2015;
62: 617-624 [PMID: 25450706 DOI: 10.1016/j.jhep.2014.10.037]
Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R,
Burroughs AK, Christensen E, Pagliaro L, Colombo M, Rodés J.
Clinical management of hepatocellular carcinoma. Conclusions
of the Barcelona-2000 EASL conference. European Association
for the Study of the Liver. J Hepatol 2001; 35: 421-430 [PMID:
11592607 DOI: 10.1016/s0168-8278(01)00130-1]
Bismuth H. Surgical anatomy and anatomical surgery of the
liver. World J Surg 1982; 6: 3-9 [PMID: 7090393 DOI: 10.1007/
bf01656368]
Akaike H. A new look at the statistical model identification.
IEEE Trans Automat Contr 1974; 19: 716-723 [DOI: 10.1109/
tac.1974.1100705]
Newson R. Comparing the predictive powers of survival models
using Harrell’s C or Somers’ D. The STATA Journal 2010; 10:
339-358 [DOI: 10.1007/bf02294587]
Cucchetti A, Ercolani G, Vivarelli M, Cescon M, Ravaioli M,
La Barba G, Zanello M, Grazi GL, Pinna AD. Impact of model
for end-stage liver disease (MELD) score on prognosis after
hepatectomy for hepatocellular carcinoma on cirrhosis. Liver
Transpl 2006; 12: 966-971 [PMID: 16598792 DOI: 10.1002/
lt.20761]
Sullivan LM, Massaro JM, D’Agostino RB. Presentation of
multivariate data for clinical use: The Framingham Study risk score
functions. Stat Med 2004; 23: 1631-1660 [PMID: 15122742 DOI:
10.1002/sim.1742]
Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma:
the BCLC staging classification. Semin Liver Dis 1999; 19:
329-338 [PMID: 10518312 DOI: 10.1055/s-2007-1007122]
Cucchetti A, Ercolani G, Vivarelli M, Cescon M, Ravaioli M,
Ramacciato G, Grazi GL, Pinna AD. Is portal hypertension a
contraindication to hepatic resection? Ann Surg 2009; 250: 922-928
[PMID: 19855258 DOI: 10.1097/SLA.0b013e3181b977a5]
Sposito C, Battiston C, Facciorusso A, Mazzola M, Muscarà C,
Scotti M, Romito R, Mariani L, Mazzaferro V. Propensity score
analysis of outcomes following laparoscopic or open liver resection
for hepatocellular carcinoma. Br J Surg 2016; 103: 871-880 [PMID:
27029597 DOI: 10.1002/bjs.10137]
P- Reviewer: Lo Tesoriere R, Toriguchi K S- Editor: Yu J
L- Editor: A E- Editor: Zhang FF

WJG|www.wjgnet.com

8202

September 28, 2016|Volume 22|Issue 36|

World J Gastroenterol 2016 September 28; 22(36): 8203-8210
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.i36.8203

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Clinicopathological features of alpha-fetoprotein producing
early gastric cancer with enteroblastic differentiation
Kohei Matsumoto, Hiroya Ueyama, Kenshi Matsumoto, Yoichi Akazawa, Hiroyuki Komori, Tsutomu Takeda,
Takashi Murakami, Daisuke Asaoka, Mariko Hojo, Natsumi Tomita, Akihito Nagahara, Yoshiaki Kajiyama,
Takashi Yao, Sumio Watanabe
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
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Kohei Matsumoto, Hiroya Ueyama, Kenshi Matsumoto,
Yoichi Akazawa, Hiroyuki Komori, Tsutomu Takeda, Takashi
Murakami, Daisuke Asaoka, Mariko Hojo, Sumio Watanabe,
Department of Gastroenterology, Juntendo University School of
Medicine, Tokyo 113-8421, Japan
Natsumi Tomita, Yoshiaki Kajiyama, Department of Esophageal
and Gastroenterological Surgery, Juntendo University School of
Medicine, Tokyo 113-8421, Japan

Manuscript source: Unsolicited manuscript
Correspondence to: Kohei Matsumoto, MD, Department of
Gastroenterology, Juntendo University School of Medicine, 2-1-1
Hongo, Bunkyo-Ku, Tokyo 113-8421,
Japan. khmatsu@juntendo.ac.jp
Telephone: +81-3-58021058
Fax: +81-3-38138862

Akihito Nagahara, Department of Gastroenterology, Juntendo
University Shizuoka Hospital, Shizuoka 410-2295, Japan
Takashi Yao, Department of Pathology, Juntendo University
School of Medicine, Tokyo 113-8421, Japan
Author contributions: Matsumoto K and Ueyama H designed
and performed the study and wrote the paper; Akazawa Y, Komori
H, Takeda T, Murakami T, Asaoka D and Hojo M performed
research; Matsumoto Kenshi, Tomita N, Kajiyama Y, Yao T,
Nagahara A and Watanabe S critically revised the manuscript.

Received: March 15, 2016
Peer-review started: March 18, 2016
First decision: July 12, 2016
Revised: July 25, 2016
Accepted: August 8, 2016
Article in press: August 8, 2016
Published online: September 28, 2016

Institutional review board statement: This study was reviewed
and approved by the Juntendo University School of Medicine
Institutional Review Board.
Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by verbal consent. Individuals can’t be
identified according to the data presented.

Abstract
AIM
To investigate clinicopathological features of early stage
gastric cancer with enteroblastic differentiation (GCED).

Conflict-of-interest statement: All authors declare that there is
no conflict of interest with the paper presented.

METHODS
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GCED was defined as a tumor having a primitive
intestine-like structure composed of cuboidal or columnar
cells with clear cytoplasm and immunohistochemical
positivity for either alpha-fetoprotein, Glypican 3 or
SALL4. The following were compared between GCED
and CGC: age, gender, location and size of tumor,
macroscopic type, ulceration, depth of invasion,
lymphatic and venous invasion, positive horizontal and
vertical margin, curative resection rate.

Matsumoto K, Ueyama H, Matsumoto K, Akazawa Y, Komori
H, Takeda T, Murakami T, Asaoka D, Hojo M, Tomita N,
Nagahara A, Kajiyama Y, Yao T, Watanabe S. Clinicopathological
features of alpha-fetoprotein producing early gastric cancer
with enteroblastic differentiation. World J Gastroenterol 2016;
22(36): 8203-8210 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i36/8203.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i36.8203

RESULTS
Six cases (5 males, 1 female; mean age 75.7 years; 6
lesions) of early gastric cancer with a GCED component
and 186 cases (139 males, 47 females; mean age
72.7 years; 209 lesions) of early stage CGC were
investigated. Mean tumor diameters were similar but
rates of submucosal invasion, lymphatic invasion,
venous invasion, and non-curative resection were
higher in GCED than CGC (66.6% vs 11.4%, 33.3% vs
2.3%, 66.6% vs 0.4%, 83.3% vs 11% respectively, P
< 0.01). Deep submucosal invasion was not revealed
endoscopically or by preoperative biopsy. Histologically,
in GCED the superficial mucosal layer was covered
with a CGC component. The GCED component tended
to exist in the deeper part of the mucosa to the
submucosa by lymphatic and/or venous invasion,
without severe stromal reaction. In addition, Glypican
3 was the most sensitive marker for GCED (positivity,
83.3%), immunohistochemically.

INTRODUCTION
Gastric cancer with enteroblastic differentiation
(GCED) was proposed as a very rare variant of alphafetoprotein-producing gastric cancer (AFPGC) and
its clinicopathological features have not been well
elucidated. There are few reports about GCED, and
most are case reports. In these earlier reported
cases, GCED was histologically characterized as
having a primitive intestine-like structure composed
[1-3]
of cuboidal or columnar cells with clear cytoplasm .
[4]
Murakami et al reported 29 cases of GCED in which
stages ranged from an early to an advanced stage
based on clinicopathologic and immunohistochemical
characteristics. They proposed that GCED showed
aggressive behavior such as lymphatic and venous
invasion, lymph node metastasis, and liver metastasis,
and its clinicopathologic features were similar to those
of AFPGC.
Recently, with the advent and widespread use of
endoscopic submucosal dissection (ESD), indications
for endoscopic treatment of early stage gastric cancer
have been expanding rapidly. Therefore, it is necessary
for endoscopists to know the clinicopathological
features of various histological types of early gastric
cancer. However, no report has focused on the
early stage of GCED. This study aimed to clarify the
clinicopathological features of early stage GCED by
comparisons with the early stage of conventional
gastric cancer (CGC), including well or moderately
differentiated carcinoma.

CONCLUSION
Even in the early stage GCED has high malignant
potential, and preoperative diagnosis is considered
difficult. Endoscopists and pathologists should know
the clinicopathological features of this highly malignant
type of cancer.
Key words: Alpha-fetoprotein-producing gastric cancer;
Gastric cancer with enteroblastic differentiation; early
gastric cancer; Glypican 3; SALL4
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We evaluated the comparison of clini
copathological features between 6 cases of early
stage gastric cancer with enteroblastic differentiation
(GCED) and 186 cases of early stage conventional
gastric cancer (CGC: well/ moderately differentiated
adenocarcinoma). Lymphatic, venous, and submucosal
invasion rates were higher in GCED than CGC
(33.3% vs 2.3%, 66.6% vs 0.4%, 66.6% vs 11.4%
respectively, P < 0.01). In addition, Glypican 3 was the
most sensitive marker for GCED (positivity, 83.3%),
immunohistochemically. GCED has high malignant
potential even at an early stage, and preoperative
diagnosis is considered difficult. Further investigations
are needed to establish optimal treatment approaches
for GCED.

WJG|www.wjgnet.com

MATERIALS AND METHODS
This study was conducted in accordance with the
Declaration of Helsinki and was approved by the
Juntendo University School of Medicine Institutional
Review Board.
All procedures were recorded in endoscopy data
bases on cases that underwent endoscopic resection in
our hospital. The databases were examined to identify
all cases of early stage GCED and CGC that underwent
ESD or endoscopic mucosal resection from September
2011 to February 2015. We evaluated the comparison
between early gastric cancer with a GCED component
and early stage CGC clinicopathologically.
GCED was defined as a tumor having a primitive

8204

September 28, 2016|Volume 22|Issue 36|

Matsumoto K et al . Gastric cancer with enteroblastic differentiation
Table 1 Clinicopathological findings for patients with gastric cancer with enteroblastic differentiation
Case
Age, yr
Male/female
Tumor location: U/M/L
Tumor size, mm
Macroscopic type
H. pylori infection
Procedure method
Depth of invasion (μm)
Lymphatic invasion
Venous invasion
Observation period (mo)
Immunohistochemical analysis
AFP
Glypican3
SALL4
MUC2
MUC5AC
MUC6
CD10
P53

1

2

3

4

5

6

61
Male
L
8
0-IIc
HPIgG+
ESD

77
Male
M
11
0-IIc
HPIgG+
ESD

75
Male
U
18
0-IIa
NA
ESD

80
Female
L
6
0-IIc
HPIgG+
ESD

M
(-)
(-)
51, ANED

SM (1500)
(-)
(+)
42, ANED

78
Male
U
14
0-IIc
HPIgGESD with additional
surgery
SM (1000)
(-)
(+)
N/A

SM (200)
(-)
(+)
38, ANED

M
(+)
(-)
N/A

83
Male
M
36
0-IIa + I
HPIgG+
ESD with additional
surgery
SM (2000)
(+)
(+)
28, ANED

(+)
(+)
(+)
(-)
(-)
(-)
(+)
(-)

(-)
(+)
(-)
(-)
(-)
(+)
(+)
(-)

(-)
(+)
(-)
(-)
(-)
(+)
(+)
(+)

(-)
(+)
(-)
(+)
(+)
(+)
(+)
(+)

(-)
(-)
(+)
(-)
(-)
(-)
(+)
(+)

(-)
(+)
(-)
(-)
(-)
(+)
(+)
(-)

U: Upper third of stomach; M: Middle third of stomach; L: Lower third of stomach; H. pylori: Helicobacter pylori; IgG: Immunoglobulin G; ESD: Endoscopic
submucosal dissection; M: Mucosa; SM: Submucosa; ANED: Alive with no evidence of disease; N/A: Not applicable; AFP: Alpha-fetoprotein.

intestine-like structure composed of cuboidal or columnar
cells with clear cytoplasm and immunohistochemical
positivity for either alpha-fetoprotein (AFP) (rabbit
polyclonal, 1:1000; Dako, Glostrup, Denmark), Glypican
3 (clone 1G12, 1:200; BioMosaics, Burlington, VT, United
States) or SALL4 (clone 6E3, 1:100; Abnova, Taipei,
Taiwan). Results of histology and immunohistochemical
staining were evaluated by two pathologists specialized
in the gastrointestinal tract. We determined curative
resection criteria according to Gastric Cancer Treatment
Guidelines 2010 or 2014 provided by the Japanese
[5,6]
Gastric Cancer Association .
Statistical analyses were conducted using SPSS
(version 15.0 for Windows; SPPS Inc., Chicago,
IL, United States) software. The comparison of
clinicopathological features between GCEDs and CGCs
2
were examined by the χ test and the Mann-Whitney U
test. The level of significance was set at P < 0.05.

Table 2 Results of comparison between patients with gastric
cancer with enteroblastic differentiation and conventional
gastric cancer n (%)
GCED

CGC

Number of lesions, n
6 (2.7)
209 (97.3)
Age, yr; median (range)
75.7 (61-83)
72.7 (40-92)
Male/female
5/1
139/47
Tumor location: U/M/L
2/2/2
23/91/95
Tumor size, mm, mean
15.0 (6-36)
15.2 (2-60)
(range)
Macroscopic type: elevated
2/4
92/117
type/flat or depressed type
Ulceration
0
19 (9.0)
Depth of invasion: M/SM
2/4
185/24
Rate of submucosal invasive
66.60%
11.40%
cancer
Median SM invasive depth, 1500(200-2000) 795.8(100-5000)
µm (range)
Lymphatic invasion
2 (33.3)
5 (2.3)
Venous invasion
4 (66.6)
1 (0.4)
Positive horizontal margin
0
9 (4.3)
Positive vertical margin
1 (16.7)
5 (2.3)
Curative resection1
1 (16.7)
186 (89.0)
The following is a comparison only for SM invasive cancer
Number of SM invasive
4
24
lesions, n
Lymphatic invasion
1 (25)
5 (20.8)
Venous invasion
4 (100)
1 (4.2)
Positive horizontal margin
0
1 (4.2)
Positive vertical margin
1 (16.7)
2 (8.3)
Curative resection1
0
12 (50)

P value
N/A
0.39
0.63
0.24
0.96
0.60
0.43
< 0.01

0.40
< 0.01
< 0.01
0.60
< 0.05
< 0.01

RESULTS
This study included 192 cases (144 males, 48 females;
mean age 72.8 ± 7 years; 215 lesions) of early stage
GCED and CGC. Among 192 cases, there were 6 GCED
cases (5 males, 1 female; mean age 75.7 years; 6
lesions) and 186 CGC cases (139 males, 47 females;
mean age 72.7 years; 209 lesions). Table 1 shows
the clinicopathological findings of the patients with
GCED and Table 2 shows results of the comparison
between patients with GCED and CGC. Four cases
who were checked for Helicobacter pylori (H. pylori)
infection by H. pylori-immunoglobulin G were positive.
No significant differences were observed in tumor

N/A
0.88
< 0.01
0.33
0.55
< 0.01

1

Curative resection was according to Gastric Cancer Treatment Guidelines
2010 or 2014 provided by the Japanese Gastric Cancer Association. GCED:
Gastric cancer with enteroblastic differentiation; CGC: Conventional
gastric cancer (well or moderately differentiated carcinoma); U: Upper
third of stomach; M: Middle third of stomach; L: Lower third of stomach;
M: Mucosa; SM: Submucosa.
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A

B

C

Figure 1 Endoscopic findings (case 1). A: Endoscopic examination with a white light image revealed a 10 mm reddish depressed lesion on the posterior wall in the
middle third of the stomach. There were no specific features of deep submucosal invasion; B: Endoscopic examination with narrow band imaging (NBI). A demarcation
line was clearly present between a depressed lesion and the surrounding mucosa; C: Magnifying endoscopy with NBI findings. Within the demarcation line, an
irregular microvascular pattern (bizarre and tortuous vessel) and an irregular microsurface pattern (curved marginal crypt epithelium) are demonstrated. There were
no specific features of GCED. GCED: Gastric cancer with enteroblastic differentiation.

location (U/M/L = 2/2/2 and 23/91/95 in GCED and
CGC, respectively), mean tumor size (15.0 and 15.2
mm in GCED and CGC, respectively), and macroscopic
types (flat or depressed type/ elevated type =
4/2 and 92/117 in GCED and CGC, respectively).
Endoscopically, we could not find specific features of
GCED or anticipate deep submucosal invasion (Figure
1). No lesion was diagnosed as GCED by examination
of biopsy specimens. Regarding the depth of tumor
invasion, the total submucosal invasion rate was
significantly higher in GCED than CGC (66.6% vs
11.4%, P < 0.01). Positive rates for lymphatic and
venous invasion were significantly higher in GCED than
CGC (33.3% vs 2.3% and 66.6% vs 0.4%, P < 0.01).
Therefore, the curative resection rate was significantly
lower in GCED than CGC (16.7% vs 89.0%, P < 0.01).
Moreover, when comparing only SM invasive cancer,
the positive rate for venous invasion was significantly
higher in GCED than CGC (100% vs 4.2%, P < 0.01)
and the curative resection rate was significantly lower
in GCED than CGC (0% vs 50%, P < 0.01). In 2 of the
6 GCED cases, additional surgery was performed (case
3: T1N0M0, stage IA; case 6: T1N1M0, stage IIA).
Recurrence or metastasis was not seen in any of the
4 GCED cases that were followed from 28 to 51 mo
(median 40 mo).
Histological examination of GCED demonstrated
the presence of tubulopapillary carcinoma with clear
cytoplasm at the deeper part of the mucosa and
submucosa by lymphatic and/or venous invasion, and
there was no severe stromal reaction. In all GCED
cases, the superficial mucosal layer was covered with
a conventional tubular adenocarcinoma (Figure 2).
All GCED patients were positive for at least one of
three enteroblastic lineage markers (AFP, Glypican 3,
SALL 4). Glypican 3 was the most sensitive marker
(positivity, 83.3%). Four cases were classified as
having the gastrointestinal phenotype (4/6; 66.7%),
and two as the intestinal type (2/6; 33.3%) according
to combinations of the expression of CD10, MUC2,

WJG|www.wjgnet.com

MUC5AC, and MUC6 (Figure 3).

DISCUSSION
AFP was initially found in 1956 and is a fetal serum
protein produced mainly in the fetal liver and yolk sac.
After birth, AFP rapidly disappears and is not detected
[7]
in the serum of healthy adults . The serum level of
AFP is increased in some patients with hepatocellular
carcinoma (HCC) or yolk sac tumor. In clinical practice,
AFP has been considered to be a useful tumor marker
in screening or monitoring patients with HCCs or yolk
sac tumors. However, some diseases other than HCCs
and yolk sac tumor were also associated with high
serum levels of AFP, and gastric cancer is one of the
[2,8-15]
most common
. Since the first report of AFPGC
[16]
by Bourreille et al
in 1970, many cases have been
reported, and the specifics of this disease have been
gradually clarified.
Histologically, typical AFPGC has a liver-like stru
cture and has been frequently reported as hepatoid
[17-20]
adenocarcinoma
. However, there are also his
tologic types of carcinoma other than hepatoid
[1]
adenocarcinoma. In 1994, Matsunou et al reported
two cases of AFP-producing gastric carcinoma with
enteroblastic differentiation (AFP-producing clear cell
gastric carcinoma), and the tumor characteristics
were as follows: (1) columnar carcinoma cells growing
primarily in tubulopapillary and glandular patterns;
(2) abundant glycogen, but no mucin production in
the clear cytoplasm; (3) gut hormone-containing cells
scattered among clear carcinoma cells; (4) carcinoma
cells producing oncofetal glycoproteins such as AFP
and CEA; and (5) ultrastructurally, carcinoma cells
showing well-developed microvilli with core filaments,
whose rootlets formed occasional terminal webs,
consistent with absorptive epithelium of fetal intestine
[21]
or enteroblastic differentiation. Motoyama et al
proposed that AFPGCs should be divided into three
subtypes: (1) hepatoid type; (2) yolk sac type; and (3)
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A

B

C

D

Figure 2 Histological examination of the resected specimens with hematoxylin and eosin stain (case 1). A and B: The superficial mucosal layer was covered
with a well differentiated adenocarcinoma; B-D: Carcinoma cells with clear cytoplasm had tubulopapillary growth, resembling the primitive gut. These carcinoma cells
arose from the deeper part of the mucosal layer and invaded into the submucosal layer by venous invasion. There was no severe stromal reaction at the submucosal
layer. Pathological diagnosis was as follows: stomach (ESD): adenocarcinoma with enteroblastic differentiation, 0-IIc, 11 mm × 9 mm, well-differentiated carcinoma >
moderately-differentiated carcinoma, papillary adenocarcinoma, SM (1500 μm), ly (-), v (+), HM0, VM0. SM: Submucosa; ESD: Endoscopic submucosal dissection.

A

B

E

C

F

D

G

Figure 3 Immunohistochemical examination of resected specimens (case 1). A: MUC2; B: MUC5AC; C: MUC6; D: CD10; E: AFP; F: Glypican 3; G: SALL 4. The
lesion had focal positivity for MUC6, diffuse positivity for CD10, weak positivity for Glypican 3 and negative staining for MUC2, MUC5AC, AFP and SALL4.

fetal gastrointestinal type. The fetal gastrointestinal
[1,3]
type is thought to be equivalent to GCED . It is said
that most AFPGCs have various mixtures of these
[2]
histologic types and CGC. Kinjo et al also reported
that in a histologic type of submucosal invasive cancer
of AFPGC, the positivity rates for CGC and GCED in

WJG|www.wjgnet.com

the mucosal component were significantly higher
than in the invasive component. On the other hand,
hepatoid gastric carcinoma (HGC) was significantly
positive in the invasive component. In this study,
pathological findings in all GCED cases showed that the
mucosal layer was composed of conventional tubular
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adenocarcinoma and GCED. In addition, the superficial
mucosal layer was covered with a conventional
tubular adenocarcinoma, and there were no findings
of GCED components exposed to the superficial layer.
Therefore, since we could only collect superficial
mucosal layer tissue for the biopsy specimens, we felt
that GCED could not be diagnosed by examination of
biopsy specimens. The GCED component exists only
in the deeper part of the mucosa to the submucosa by
lymphatic and/or venous invasion but not in any other
histological type of AFPGC (HGC and yolk sac type). As
[2,4]
in previous reports
these findings suggested that
GCED could be thought to develop from CGC and then
gradually develop hepatoid features during the process
of tumor invasion and proliferation. We considered that
there is a possibility that early stage GCED represents
the early developmental stage of AFPGC, which has
various mixtures of histological types.
Endoscopically, we diagnose the depth of invasion
according to endoscopic features of gastric cancers
with deep submucosal invasion (≥ 500 µm in depth),
such as remarkable redness, uneven surface, margin
[22]
elevation, ulceration, and enlarged folds . However,
we could not anticipate the presence of deep sub
mucosal invasion because none of these findings were
revealed in our 6 GCED cases. The reason may be that
there were few macroscopic changes in endoscopic
morphology because the main submucosal invasive
form of GCED depends on lymphatic and/or venous
invasion and there were no severe stromal reactions.
In previous reports, AFPGC was usually associated
with a poor prognosis with a high incidence of lymphatic
invasion, venous invasion, and synchronous and
[23-25]
[26]
metachronous liver metastasis
. Hirasaki et al
studied 24 cases of AFP-producing early gastric cancer
and reported that liver metastasis was seen in 2 cases
(8.3%) and lymph node metastasis was seen in 18 of
24 cases (75.0%). From these results, they suggested
that lymph node metastasis should be generally taken
into consideration in AFP-producing early gastric cancer
even if lymph node swelling is not seen on diagnostic
imaging and that such patients should be under close
[23]
periodic observation. Furthermore, Adachi et al
studied 270 cases of AFPGC and reported that there
were 61 patients who underwent curative gastrectomy
for stage I or II AFPGC, and that 39 of those patients
(64%) were alive during a median follow-up period of
27 mo. From these results, it is difficult to say that the
prognosis was good. Although in this study the mean
diameters of GCED and CGC were about the same,
comparisons of M and SM invasive cancer, positive
rates of lymphatic and venous invasion, and noncurative resection rates were significantly higher in
GCED than CGC. Furthermore, when comparing only
SM invasive cancer, the positive rate of venous invasion
was significantly higher in GCED than CGC (100% vs
4.2%, P < 0.01). Although lymph node swelling cannot
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be seen on diagnostic imaging, lymph node metastasis
occurred in 1 of 2 GCED cases who underwent
additional surgery. In addition, although all of the 4
GCED cases for whom we could follow their complete
progress were alive during the median follow-up
period of 40 mo, 5 of 6 GCED cases (83.3%; 4 of 4 SM
invasive cancer, 100%) had endoscopic non-curative
resection because of deep submucosal invasion,
lymphatic and/or venous invasion, and a positive
margin. Therefore, we think that GCED, as well as
AFPGC, may have a high incidence of liver and lymph
node metastasis because of the high level of affinity
to vessels and is associated with a poor prognosis in
comparison with CGC. In this study, 2 of 5 cases who
had endoscopic non-curative resection were followed
up without additional surgery. One of the 5 cases had
additional surgery and the remaining 2 were followed
elsewhere. Although the 2 cases that we are following
are alive without a recurrence (case 2: 42 mo, case 5:
38 mo), it is thought that close periodic observation is
strictly required in such cases.
The present study had some limitations. Since
GCED is a disease with a very low incidence rate,
the number of patients was small. Furthermore, the
data were collected retrospectively in a single medical
center, which may produce selection bias.
In conclusion, GCED is rare, but has distinct
clinicopathological features, especially in terms of
high malignant potential and difficulty in preoperative
diagnosis by biopsy specimens and prediction of
submucosal invasion by endoscopic findings. It is
necessary for endoscopists and pathologists to be
aware of the clinicopathological features of such a rare
and highly malignant type of cancer. In addition, when
we detect specific histological findings for GCED with
hematoxylin and eosin stain, immunohistochemical
examination should be performed to make a precise
diagnosis. However, there has been no report
that evaluated a large number of cases. Further
investigations are needed to elucidate the natural
history of GCED by assessing the long-term outcome
and establishing optimal treatment approaches for
GCED.
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Gastric cancer with enteroblastic differentiation (GCED) was proposed as a
very rare variant of alpha-fetoprotein-producing gastric cancer (AFPGC). In
previous reports, AFPGC was usually associated with a poor prognosis with
a high incidence of lymphatic invasion, venous invasion, and synchronous
and metachronous liver metastasis. Recently, with the advent and widespread
use of endoscopic submucosal dissection (ESD), indications for endoscopic
treatment of early stage gastric cancer have been expanding rapidly.
Therefore, it is necessary for endoscopists to know the clinicopathological
features of various histological types of early gastric cancer. However, the
clinicopathological features and the optimal treatment approaches of GCED
have not been well elucidated. In this study, we investigated clinicopathological
features of early stage of GCED.
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There are few reports about GCED. Most of these are case reports, and there
is no report that focused on the early stage of GCED. In these earlier reported
cases, GCED was histologically characterized as having a primitive intestinelike structure composed of cuboidal or columnar cells with clear cytoplasm, and
GCED showed aggressive behavior such as lymphatic and venous invasion,
lymph node metastasis, and liver metastasis.

7
8

Innovations and breakthroughs

The results of this study contribute to clarifying the clinicopathological features
of early stage GCED by comparisons with the early stage of conventional
gastric cancer (CGC), including well or moderately differentiated carcinoma. In
this study, even if it is early stage cancer, GCED has distinct clinicopathological
features, especially in terms of high malignant potential with a high incidence
of lymphatic and venous invasion, difficulty in preoperative diagnosis by biopsy
specimens and prediction of submucosal invasion by endoscopic findings.
In addition, Glypican 3 was the most sensitive marker for GCED (positivity,
83.3%), immunohistochemically.

9

10
11

Applications

If the authors detect specific histological findings for GCED with hematoxylin
and eosin stain, immunohistochemical examination, especially Glypican 3
should be performed to make a precise diagnosis. However, there has been
no report that evaluated a large number of cases. Further investigations are
needed to elucidate the natural history of GCED by assessing the long-term
outcome and establishing optimal treatment approaches for GCED.

12

13

Terminology

ESD is a well established technique of endoscopic resection that allows for
en bloc removal of GI epithelial lesions. Glypican 3, it is an oncofetal protein
that is expressed in the human fetal liver and placenta. It was discovered as a
potential serological and histochemical marker whose expression is specific for
hepatocellular carcinoma. SALL 4, it is an oncofetal protein that is expressed
in the human fetal liver and silenced in the adult liver, but it is reexpressed in a
subgroup of patients who have hepatocellular carcinoma and an unfavorable
prognosis.
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This most remarkable point of this manuscript is the analysis of the influence of
this rare type of tumor and its bad prognosis in comparison to the conventional
one that justifies the research in this subtype.
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Abstract

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.

AIM
To evaluate the perspective of gastroenterologists
regarding the impact of fecal calprotectin (FC) on the
management of patients with inflammatory bowel
disease (IBD).

Conflict-of-interest statement: Bressler B: Advisory Board
(Abbvie, Janssen, Takeda, Shire, Genentech, Ferring, Pfizer).
Speaker’s Bureau (Abbvie, Janssen, Takeda, Shire). Consultant
(Celltrion, Pendopharm, Allergan). Research Support (Abbvie,
Amgen, Takeda, BMS, Genentech, Janssen, BI, GSK, Redhill
Biopharm, Celgene). Stock Options (Qu Biologics). Other
authors declared no conflict of interest related to this study.

METHODS
Patients with known IBD or symptoms suggestive of
IBD for whom the physician identified that FC would be
clinically useful were recruited. Physicians completed

Data sharing statement: No additional data are available.
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an online “pre survey” outlining their rationale for the
test. After receipt of the test results, the physicians
completed an online “post survey” to portray their
perceived impact of the test result on patient mana
gement. Clinical outcomes for a subset of patients with
follow-up data available beyond the completion of the
“post survey” were collected and analyzed.

INTRODUCTION
Calprotectin is a cytosolic protein of mucosal neutro
phils of the colon and small bowel that are extruded
into the gastrointestinal (GI) tract when neutrophils
[1]
undergo apoptosis . Fecal calprotectin (FC) levels can
be measured quantitatively in the stool from patients
with mucosal inflammation in the bowel wall as seen in
[2]
active inflammatory bowel disease (IBD) . In fact, FC
levels have been shown to be closely correlated with
endoscopic evidence of mucosal inflammation in the
[3]
intestine . FC is a simple, non-invasive test that can
be measured with an ELISA or a rapid detection device.
Calprotectin has previously been shown to be a
reliable marker of mucosal inflammation and several
studies have explored the use of FC to distinguish the
symptoms of irritable bowel syndrome (IBS) from
[4,5]
IBD , to monitor response to therapy in patients
[6]
[7]
with known IBD and to assess for mucosal healing .
Furthermore, recent studies have evaluated the ability
of FC to predict disease flares in patients with IBD in
[8-10]
remission
as well as in the surveillance for post[11]
operative Crohn’s disease (CD) recurrence .
While the use of FC in clinical practice is increasing,
there are limited studies that have looked at the
physician experience and perspective of the use FC for
the differentiation of GI symptoms as IBS or IBD, as
well as for the assessment of IBD activity. This study
evaluated the impact of FC test results in the setting
of the aforementioned indications on the medical
management of patients and the need for colonoscopy
in an outpatient clinical cohort, as well as patient
outcomes stratified to FC test results.

RESULTS
Of 373 test kits distributed, 290 were returned,
resulting in 279 fully completed surveys. One hundred
and ninety patients were known to have IBD; 147
(77%) with Crohn’s Disease, 43 (21%) Ulcerative
Colitis and 5 (2%) IBD unclassified. Indications for FC
testing included: 90 (32.2%) to differentiate a new
diagnosis of IBD from Irritable Bowel Syndrome (IBS),
85 (30.5%) to distinguish symptoms of IBS from IBD
in those known to have IBD and 104 (37.2%) as an
objective measure of inflammation. FC levels resulted in
a change in management 51.3% (143/279) of the time
which included a significant reduction in the number of
colonoscopies (118) performed (P < 0.001). Overall,
97.5% (272/279) of the time, the physicians found the
test sufficiently useful that they would order it again in
similar situations. Follow-up data was available for 172
patients with further support for the clinical utility of FC
provided.
CONCLUSION
The FC test effected a change in management 51.3%
of the time and receipt of the result was associated with
a reduction in the number of colonoscopies performed.
Key words: Inflammatory bowel disease; Biomarkers;
Fecal calprotectin; Colonoscopy; Physician perspective

MATERIALS AND METHODS

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

Patient population

This was a multicenter, prospective cohort study
including adult community and academic gastroen
terology practices in British Columbia (BC), Canada.
Gastroenterologists who had an affiliation with the
University of BC (UBC) were invited to participate.
Clinicians identified patients for whom FC was consi
dered to be an appropriate next step in diagnosis and/
or management of symptoms. Patients with known
ischemic colitis, infectious enterocolitis or colorectal
cancer or who were pregnant were excluded. Other
exclusions included a history of extensive bowel
resection (subtotal colectomy or more than three bowel
resections), an ostomy, an ileoanal pouch, concurrent
daily use of non-steroidal anti-inflammatory drugs
or the inability to collect a stool sample and return it
within three days.
Eligible patients were invited to enroll by the
attending gastroenterologist during clinical care from
February 2012 to August 2013. Written informed
consent was obtained and patients were provided with
the Easy Sampler™ stool collection kit and written

Core tip: Fecal calprotectin (FC) is a biomarker that
provides a method of non-invasive assessment for
intestinal inflammation. We evaluated the perspective
of a group of gastroenterologists regarding the clinical
use of FC, in particular the impact it has on the man
agement of patients with inflammatory bowel disease
(IBD). Patients with suspected or known IBD were
recruited for study participation. A “pre survey” and
“post survey” were completed by the physician prior to
and after receipt of the FC result respectively. Of the
279 FC and surveys completed, FC levels resulted in a
change in management 51.3% of the time and resulted
in a significant reduction in colonoscopies performed.
Rosenfeld G, Greenup AJ, Round A, Takach O, Halparin L,
Saadeddin A, Ho JK, Lee T, Enns R, Bressler B. FOCUS: Future
of fecal calprotectin utility study in inflammatory bowel disease.
World J Gastroenterol 2016; 22(36): 8211-8218 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i36/8211.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i36.8211
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instructions regarding collection of a first morning
stool sample. Five to 15 g of stool were collected and
processed within five days of collection.
The stool samples were prepared and analysed
according to the manufacturer’s instructions using
the BÜHLMANN Quantum Blue™ Calprotectin kit
(BÜHLMANN Laboratories AG, Schönenbuch, Swit
zerland). All samples were processed by a trained
research assistant at the Gastrointestinal Research
Institute in Vancouver, BC. FC levels were expressed
as micrograms per gram of feces with a range of
100 to > 1800 µg/g. Physicians were informed that
a FC level of > 250 µg/g was considered indicative of
inflammatory activity, however it was at the discretion
of the individual treating physician as to how to
incorporate the FC result into patient management.

was considered relevant with respect to reliability
of colonoscopy deferral indicated by post-survey
responses. For this subset of patients, medical records
were retrospectively reviewed in November 2015,
enabling follow-up extending to 26 mo after the final
post-survey submission. Findings are presented in
Results under the sub-heading of follow-up analysis.
To gain insight into the predictability of FC for future
IBD outcomes, within the aforementioned patient
subset, clinical events in the twelve months following
obtainment of FC were also considered, in particular
the need for steroids, immunomodulators, biologics,
hospitalization or surgery.
The primary outcome was the frequency with which
the FC result resulted in a change in the management
of the patient as indicated by the pre- and postsurveys. Secondary outcomes included the deferral of
colonoscopies as a result of the FC level, the proportion
of events for which the physician found the FC level to
be useful in the care of the patient and the association
of the FC result to subsequent clinical, endoscopic and/
or radiological outcomes.
The primary outcome of change in management
was analysed according to a positive result being > 250
µg/g in addition to > 100 µg/g, given the heterogeneity
in the indication for FC in the study cohort as well as
the uncertainty in the current literature relating to what
is considered a “positive” and “negative” FC. Within
the follow up subset, a FC result of > 100 µg/g was
considered positive.

Data collection

After enrollment, but prior to receiving the FC result, the
attending physician completed an online “pre-survey”
using an internet based survey tool (Survey Monkey
Inc., Palo Alto, CA, United States) (Supplementary
Material 1). The baseline survey captured demographic
data as well as any history of IBD, the indication for
the test, concurrent investigations being ordered and
current management of the symptoms.
During completion of the survey, the physician
indicated the clinical scenario for FC testing, with the
use of the following categories: (1) differentiation of GI
symptoms between IBS and IBD in the absence of a
known diagnosis of IBD; (2) differentiation of symptoms
in patients known to have IBD; (3) assessment of
response to therapy in a patient with IBD; and (4)
objective marker of disease activity in a patient with
IBD. Categories 3 and 4 were separated in the survey
to clearly identify the indication for the test, however
were subsequently combined as the indication of
inflammatory disease activity assessment to aid with
analysis. The FC result was then sent to the physician
and the physician completed a “post-survey” using
the same internet based survey tool (Supplementary
Material 2). This survey was designed to assess
the impact of the FC result on the diagnosis and
management of the patient’s symptoms. Outcomes
according to survey responses are presented within
Results under the sub-heading survey analysis.
The two surveys had not been used previously but
were piloted by the primary investigator to ensure
ease of use and that the surveys represented the
actual management decisions of the physician. During
the study, 20 patient charts were audited to ensure
that the information in the survey accurately reflected
the patient management.
Validity of the post-survey was further ensured by
follow up of a subset of patients to determine if there
was a deviation from the management proposed in
the post-survey response. In particular, colonoscopy
occurrence within six months following FC collection

WJG|www.wjgnet.com

Statistical analysis

As this pilot study was predominantly descriptive in
nature and not designed to test a specific hypothesis,
no sample size calculation was performed. Using the
2
Fisher’s exact and McNemar χ tests respectively,
there was comparison of the impact of a positive
and negative FC test on a decision to change patient
management and on the number of colonoscopies
performed. Statistical calculations were performed
using GraphPad Prism (GraphPad Software Inc.,
United States) and Statistical Analysis (Version 9.4,
United States) software. The statistical methods
were overseen by Dr. Terry Lee. (Centre for Health
Evaluation and Outcome Sciences, St Paul’s Hospital).
Ethics approval was obtained from the Providence
Health Care and the UBC research ethics board and the
trial was registered at ClinicalTrials.gov (NCT01676324).
All of the authors had access to the study data and
reviewed and approved the final manuscript.

RESULTS
Baseline patient demographics

Seventeen gastroenterologists from eight different
community and academic centers throughout BC
distributed a total of 373 test kits. Seven of the 17
gastroenterologists were from academic centres. Two
hundred and ninety (77.7%) kits were returned for
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Table 1 Baseline patient demographics
Change management
n
Age
Disease location, n (%)
Crohn's disease
UC
Current Rx
5-ASA
Steroids
Biologics
IMM
None
Indication for FC test
To diagnose IBD
To distinguish IBS from IBD
As an objective measure of
disease activity

Total
279
39.4 ± 13.5

Yes

No

Pos FC (> 250 μg/g)

Neg FC (< 250 μg/g)

143
38.9

121
40

15
40.5

81

198

Unsure

147
43

56 (38.1)
17 (39.5)

88 (59.9)
20 (46.5)

3 (2.0)
6 (14.0)

55 (37.4)
20 (46.5)

92 (62.6)
23 (53.5)

44
23
58
63
136

16
17
32
35
67

24
4
24
24
61

4
2
2
4
8

18
11
24
28
24

26
12
34
35
112

90
85
104

40
46
57

45
37
39

5
2
8

7
33
41

83
52
63

Patient demographics, indication for the test and the number of subjects with a positive or negative result and the impact on patient management. FC: Fecal
calprotectin; UC: Ulcerative colitis; 5-ASA: 5-aminosalycilate; IMM: Immunomodulator; IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome.

A

The patients ranged between 19 and 79 years of
age. One hundred and ninety (70%) were previously
known to have IBD; 147 (77%) with CD, 43 (23%)
with ulcerative colitis and 5 (3%) with IBD unclassified.
The number of FC tests for each indication group were:
1.90 (32.2%) to differentiate a new diagnosis of IBS
from IBD; 2.85 (30.5%) to distinguish GI symptoms
due to active inflammation from IBS in those known to
have IBD and 3.104 (37.2%) as an objective measure
of disease activity in IBD. Of the 83 samples that
were not returned, the indication for the test was to
distinguish a new diagnosis of IBS from IBD in 31.3%
(26/83), to assess abdominal symptoms in patients
known to have IBD in 28.9% (24/83) and as a measure
of inflammatory disease activity in 39.8% (33/83).

15%

32%
42%

Continued observation
Proceed to endoscopy
Initiate/modify therapy
Other

11%

B

Survey analysis: Impact on patient management

62%

15%

Overall, FC test resulted in a change in management
51.3% of the time (143/279) according to the physician
response to the post-survey. Table 1 shows the
breakdown of the impact of FC on patient management
based on the indication for performing the test,
the disease type, the disease location and current
treatment. Specific management decisions following
receipt of FC test result are shown in Figure 1. When
using either a cut-off of 250 or 100 µg/g, patients
were significantly more likely to have a change in
management when the FC result was positive (250 µg/g,
P < 0.0001 (Figure 2)) (100 µg/g, P = 0.0009).

Continued observation
Proceed to endoscopy
Initiate/modify therapy
Other

14%
9%

Figure 1 Management decisions following fecal calprotectin testing.
Proportion of patients for each of the possible management options, A: When
the fecal calprotectin (FC) test caused physicians to change the management
of their patient (n = 143); B: When the FC test did NOT cause a change in
patient management (n = 136).

Survey analysis: Impact on colonoscopy

For 142 patients, the physician reported that if the
FC test was not available, they would have performed
a colonoscopy. After receipt of the FC result, a colon
oscopy was planned according to the post-survey
responses for 20 patients resulting in 122 colonoscopies
(86%) that were not performed in favour of performing
a FC test. Conversely, for 137 patients, a colonoscopy

processing resulting in 279 fully completed surveys. Of
the 279 patients who returned the kits for processing,
177 (63.4%) were from academic centres.
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100
90

situation. For the seven cases when the test was not
felt to be useful, three FC results were greater than
250 µg/g (454, > 1800, > 1800) and four less than
250 µg/g (< 100, < 100, 150, 233). Whether or not
the FC level was positive (with either a cut off of > 100
or 250) did not significantly impact whether or not the
physician found the test to be useful (P = 0.4281 for >
250 µg/g; P = 0.1405 for > 100 µg/g).

Change in Management (%)

80
70
60
50
40
30
20
10

Follow-up analysis: Impact on colonoscopy and medical
therapy

P < 0.0001

0

Positive FC

Medical record review was possible for 210 of the
initial 373 patients recruited to the study. All of these
patients had been recruited from an academic referral
centre. For 172 of these 210 patients, FC testing and
surveys were completed. (Figure 4) Of the remaining
38 patients who did not complete study FC testing,
31 patients were known to have IBD. Four of the 38
patients had endoscopic investigations instead at
the discretion of the treating physician, while seven
patients did not return for follow up after the initial
recommendation for FC testing.
Review of available medical records for the 172
patients within the follow up subset indicated that for
33 patients there was deviation from the intended
management that had been stated in the post-survey
response. Accordingly, when considering the impact
of FC on occurrence of colonoscopy, data pertaining to
the number of colonoscopies that occurred in the six
months following performance of FC within this followup subgroup was analyzed. As indicated by the presurvey, the physicians reported that for 95 patients
if the FC test was not available, they would have
performed a colonoscopy. After receipt of the FC result,
colonoscopy occurred in 24 of these patients over the
subsequent six months and hence 72 colonoscopies
(75%) were not performed as a result of the use of
FC. Conversely, for 77 patients, a colonoscopy was
not intended, however, after receipt of FC result, 11
patients underwent a colonoscopy. Combining these
two groups, similarly to the original cohort analysis,
there remained a significant reduction in the total
number of colonoscopies performed (P < 0.001).
A degree of deviation between post-survey response
and actual therapeutic management was detected
during the follow-up analysis. Despite the post-survey
responses indicating initiation or modification of medical
therapy for 36 patients, this did not end up occurring for
ten [therapy not initiated (8); not ceased (1); different
immunomodulator started (1)].

Negative FC

Figure 2 Impact of positive or negative fecal calprotectin result on
management. Comparison of the percentage of patients undergoing a change
in management as a function of whether the fecal calprotectin (FC) result was
positive (> 250 μg/g) or negative (< 250 μg/g). Patients were significantly more
likely to have a change in management when the FC result was positive (P <
0.0001).

Number of patients

300

Colonoscopy
Planned
Colonoscopy Not
Planned

250
200
150
100
50

P < 0.0001
0

Before FC

After FC

Figure 3 Impact of positive or negative fecal calprotectin result on
colonoscopy occurrence. Reduction in colonoscopies planned as a result of
the availability of the fecal calprotectin test. There was a significant reduction in
colonoscopies planned (P < 0.001). FC: Fecal calprotectin.

was not planned, however, after receipt of the FC
result, 4 patients underwent a colonoscopy as per the
post-survey responses. Combining these two groups,
there was a significant reduction in the total number of
colonoscopies performed (118) due to the availability
of the FC test (P < 0.001) (Figure 3).

Survey analysis: Impact on medical therapy

A change in medical therapy was planned for 36
patients, however, only six patients had a change in
medical therapy after the physician received the FC
result. Of the 243 patients for whom no change in
therapy was planned, 41 underwent a change in their
therapy after the FC test. For 60% (28/47) of the
patients who underwent a change in therapy after
the FC result, this change involved the initiation of a
biologic (Infliximab or Adalimumab).

Follow-up analysis: Impact on patient outcomes

Within the follow up cohort, 50 patients had undergone
FC in the absence of an established diagnosis of IBD.
Forty one patients had a FC result < 100 µg/g of whom
eight subsequently had normal endoscopic assessment.
Of the remaining 33 patients with a FC < 100 µg/g,
there have not been subsequent presentations and/or
assessments to suggest an alternative diagnosis to IBS

Survey analysis: Overall utility

Physicians reported the test to be sufficiently useful
97.5% of the time and to the extent that they would
order it again for a similar patient in a similar clinical
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Follow up information available through medical chart review
n = 210
FC test not completed
n = 38

Completion of study FC test
n = 172
Known IBD
n = 122

No known IBD
n = 50
FC < 100
n = 41

FC > 100
n =9

Alternative
diagnosis to IBS
in follow-up
n =0

Alternative diagnosis to IBS
in follow-up
n =4
[celiac disease/microscopic
colitis (1); small bowel
inflammation (2); colonic
FC = fecal calprotectin (μg/g)
inflammation (1)]

FC > 100
n = 67

FC < 100
n = 55
Significant IBD
associated outcome in
follow-up
n =4
[surgery (2); biologic
(2)]

Significant IBD associated
outcome in follow-up
n = 37
(steroids,
immunomodulators,
biologics or surgery)

Figure 4 Outcomes of follow-up patient subset. Clinical outcomes in the follow-up subgroup according to FC result. FC: Fecal calprotectin; IBD: Inflammatory
bowel disease.

since the FC testing. While for a proportion of patients
there has been no further follow up at the academic
centre since FC testing, this was considered likely to
be reflective of no further clinical presentations given
the nature of patients to be referred back to the same
academic centre within the region.
Of the remaining nine patients with a FC result >
100 µg/g in whom a diagnosis of IBS or IBD was yet to
be established, four had abnormalities on subsequent
investigations, while five have not had further inves
tigations or presentations.
Within the IBD Cohort, 55 patients had a FC result
< 100 µg/g. Of these patients, colonoscopy had been
deferred in 24 following receipt the FC result. In 22
of these 24 patients there were no significant clinical
outcomes recorded in the following 12 mo. One patient
required surgery due to to small bowel obstruction
attributable to adhesions, and another patient had a
CT enterography demonstrating active ileal disease
for which an an anti-TNF agent was commenced. Of
the remaining 31 patients with a FC < 100 µg/g, two
patients had discordant findings endoscopically. One
patient was found to have active ileocolonic disease
within six months, however there had been recent
anti-TNF cessation and another patient had endoscopic
detection of active ileal disease in the setting of
post-operative recurrence surveillance, and was
recommenced on anti-TNF therapy.
Of the 67 patients with a FC result > 100 µg/g,
when reviewing the available medical records, there
were clinically relevant outcomes over the following
six months in 37 patients with either a need for
steroids, immunomodulators, biologics, surgery or a
combination of such management. Such changes had
been captured in 23 of the post-survey responses.
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DISCUSSION
The role of FC in GI disease assessment is continuing
to evolve since it was first described in 1980, with
such evolution including the indications for which
FC is considered useful, as well as what defines
the appropriate cut-off level. Accompanying such
progression is ongoing debate as to the reliability and
clinical significance of this biomarker.
Given persistent contention regarding the appli
cability of FC, this study aimed to systematically
assess physician opinion of the utility of FC in the
clinical management of patients with either suspected
IBD or IBS or established IBD. Our results resonate
the previously described utility of FC in this area
of gastroenterology, with responding physicians
indicating 97% of the time the test was sufficiently
[5,12]
useful
. Furthermore, the FC test impacted patient
management more than half of the time with the
greatest impact being an 86% reduction in the number
of colonoscopies performed. Seventeen percent of
patients had a change in their medical therapy as a
result of the FC test and for 28 (60%) of these patients
that change involved the initiation of a biologic. Such
findings exemplify the high degree of utility of FC that
was expressed by the study gastroenterologists.
There is mounting evidence that treatment of
patients with IBD should be to a target of mucosal
[6,10,13]
healing
and not simply improvement in symptoms.
This is due to a lack of correlation of symptoms with
IBD activity, particularly for patients with CD. In the
current study, 35 of 41 patients underwent a change
in medical therapy for IBD after the physician received
an elevated FC, implying that such patients were likely
clinically quiescent and hence initially no change in
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management was planned. However, receipt of the
positive FC result resulted in a modification of therapy
inferring that the goal of therapy was a reduction in
mucosal inflammation and not just an improvement
in symptoms, while also is likely reflective of the
physician trust in FC as a marker of disease activity.
As physicians gain more experience and confidence
with FC results, one can anticipate even higher rates of
change in medical therapy based on FC results.
Follow up of patient outcomes for a subgroup of the
study population indicated that receipt of a FC result
continued to minimize the need for colonoscopy for
at least six months following completion of the postsurvey, with 74% of the initially intended colonoscopies
remaining deferred. Furthermore, follow up data also
provided reassurance for the sensitivity of FC value of <
100 µg/g in the differentiation of IBS from IBD, with no
suggestion of alternative diagnoses to IBS during follow
up. However, a threshold of a FC result of 100 µg/g was
at the expense of sensitivity, with five patients with a
FC result greater than 100 µg/g continuing to have the
most likely diagnosis of IBS during follow up. Previous
studies have considered the diagnostic accuracy of FC
levels to differentiate IBD from IBS, including Kennedy
[5]
et al who reported a sensitivity and specificity of 96%
and 87% respectively when a FC threshold of 100
µg/g was used in an outpatient cohort of 895 patients.
Within our follow up subgroup, a clinically significant
change occurred in 55% of patients with IBD who had
an elevated FC above 100 µg/g, which is consistent
with several studies demonstrating the utility of an
[8-10]
elevated FC for predicting clinical flare in IBD
.
Finally, the finding that a proportion of patients with
a normal FC were subsequently found to have active
small bowel disease is reflective of the known limitation
of FC in this setting.
Targeting treatment to objective measures of
disease activity in our current cost conscious envi
ronment is a very challenging task. An accurate and
inexpensive marker of luminal inflammation such as FC
may play a critical role in achieving targeted therapy.
Overall, 118 colonoscopies were deferred as a result
of the FC test in the current study. Previous studies
looking at the cost of colonoscopy have estimated the
costs to range between a low of $352 in Canada to a
[14,15]
high of $2146 in the United States
. The Canadian
data is now approaching ten years old and taking the
average cost reported in this study and adjusting for
cost increases and inflation, one could conservatively
estimate the cost to be at least $500 in Canada. This
represents nearly $50000 saved on colonoscopy alone
with the use of FC testing and does not consider any
savings from optimization of medical management
for patients with IBD (reduction of surgeries or
hospitalization). Another study has also shown FC to
be cost effective as a screening tool for IBD in both
adults and children when the pre test probability was
≤ 75% and ≤ 65% respectively[4].
Limitations to this study include potential bias
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created by patient inclusion being solely dependent
on the discretion of the involved physician. This
accordingly has contributed to a heterogeneous patient
population and is reflective of the limited guidance
regarding the most appropriate use of FC at the
time of study design. Given this was a real-life study,
there was also unavoidable potential for inclusion of
patients with co-existing undiagnosed conditions that
could influence the FC level such as colonic polyps or
additional immunologically driven digestive disorders.
Another potential source of bias is that more than
20% of patients did not return FC samples. However,
such patients were similarly distributed across the
indications for the test suggesting that this did not
influence the patient’s decision to carry out the test.
It is acknowledged that questionnaires were not
previously validated although a degree of quality
control was performed during the study to endeavor
to ensure that the surveys accurately reflected the
clinical practice of the doctors, with initial perusal of 20
surveys, and then a further follow up of 210 patients.
The considerable duration of follow-up possible for
the latter patients did enable adjustment for variation
between what had been indicated by the physician on
the post-survey response and what actually occurred.
Finally, at the time of initial study design, a FC
level of 250 µg/g was considered appropriate for
analysis of outcomes, however at the time of follow up
analysis in 2015, a level of 100 µg/g was considered
more appropriate. The “grey zone” between 100 and
250 µg/g and the accompanying need for additional
investigations, particularly in IBD was highlighted in
the recently published clinician guide to using FC to
[12]
identify and monitor disease activity in IBD .
In conclusions, FC is a simple, non-invasive test
that is gaining widespread use in the diagnosis and
management of IBD. This is the first Canadian data
evaluating the role of FC in clinical practice, with
demonstration that physicians find FC testing to be
very useful not only for managing patients known to
have IBD, but also to diagnose IBD in those with GI
symptoms. This study also demonstrated the potential
of FC to generate substantial cost savings to patients
and the healthcare system in general. While the
study was not designed to statistically assess clinical
outcomes according to FC result, the descriptive
findings are in concurrence with recommendations that
FC can be used to differentiate between IBS and IBD,
as well as be a guide to optimizing IBD therapy. It is
hoped that studies such as this in addition to ongoing
FC research pursuits will provide ongoing impetus for
the availability and affordability of FC to clinicians and
patients to be considered a priority by health service
administrators.

COMMENTS
COMMENTS
Background

The importance of objective, non-invasive assessment of luminal gastrointestinal
(GI) symptoms in the diagnosis and management of inflammatory bowel
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disease (IBD) is gaining increasing recognition. One strategy to meet such a
need is the use of the biomarker, fecal calprotectin (FC).

Research frontiers

5

There is expanding literature regarding the use of FC, including differentiating
symptoms of irritable bowel syndrome (IBS) from IBD, to monitor response to
therapy in patients with known IBD and in the surveillance for post-operative
Crohn’s disease recurrence. Nonetheless, there is limited knowledge regarding
the perspective of physicians using FC in the diagnostic and management
algorithms for IBD with respect to potential impact on patient management.

6

Innovations and breakthrough

The authors present the findings of this study which considered the perceived
utility of FC within an academic group of gastroenterologists. Physician
perspective was obtained through the use of on-line surveys, while medical
record review occurred in addition to this to determine clinical outcomes
following FC testing. Faecal calprotectin was considered to have an impact
on patient management in at least 50% of clinical circumstances in which it
was used, including a reduction in the number of colonoscopies performed.
Furthermore FC results and subsequent clinical outcomes provided support for
the use of such a test in the differentiation of IBS from IBD as well as guiding
therapeutic decisions in IBD.

7

8

Applications

This study supports the use of FC in clinical gastroenterology practice for the
assessment of luminal GI symptoms to enable the differentiation of IBS and
IBD and in the management of established IBD. This study also prompts further
consideration of the potential cost-saving benefit of FC.

9

Terminology

10

Peer-review

11

FC is a cytosolic neutrophilic protein in the mucosa of the colon and small bowel
which is released as a result of apoptosis. It can be measured quantitatively in
the stool from patients with mucosal inflammation in the bowel wall as seen in
active IBD.

The implementation of FC in clinical practice is a topic of importance and interest
to the gastroenterology and wider primary care community. This manuscript is
well written and the methodology, whilst imperfect, has characterised the role
of calprotectin well in real world practice, showing a potential benefit in terms of
cost reduction by reducing number of colonoscopies in this group.
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Abstract
AIM
To examine patient knowledge and factors influencing
knowledge about pregnancy in British women with
inflammatory bowel disease (IBD).
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METHODS
This is a post hoc analysis of a study of female members
of Crohn’s and colitis United Kingdom, aged 18-45
years who were sent an online questionnaire recording
patient demographics, education, employment, marital
status, and disease characteristics. Disease related
pregnancy knowledge was recorded using Crohn’s and
colitis pregnancy knowledge score (CCPknow).

Data sharing statement: Data are available on request from the
lead author.
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
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
Of 1324 responders, 776 (59%) suffered from Crohn’s
disease, 496 (38%) from ulcerative colitis and 52 (4%)
from IBD-uncategorised. CCPKnow scores were poor
(0-7) in 50.8%, adequate (8-10) in 23.6%, good (11-13)
in 17.7% and very good (≥ 14) in 7.8%. Multiple linear
regression analysis revealed that higher CCPKnow
scores were independently associated with higher

Manuscript source: Invited manuscript
Correspondence to: Christian P Selinger, MD, MSc, MRCP,

WJG|www.wjgnet.com

8219

September 28, 2016|Volume 22|Issue 36|

Carbery I et al . IBD and pregnancy related patient knowledge
[8]

educational achievement (p < 0.001), younger age at
diagnosis (p = 0.003) and having consulted a health
care professional about pregnancy and IBD (p = 0.001).

women with IBD than the general population .
Recently, the role of IBD and pregnancy related
patient knowledge has been scrutinized. The Crohn’s
and colitis pregnancy knowledge score (CCPknow) is
a validated self-report tool that has been developed
[9]
for use in clinical practice as well as research . Its
use has shown that whilst women with children are
[9,10]
more likely to have higher CCPKnow scores
,
those who are voluntarily childless tend to have lower
[11]
scores . Importantly, poor knowledge has also been
correlated with views about IBD medication that
[12]
contradict medical guidelines . Making uninformed
choices on IBD medication could lead to disease flares
and potentially adverse pregnancy outcomes. Good
disease pregnancy related knowledge is therefore key
to women having a safe and successful pregnancy.
Average CCPknow scores have been demonstrated
to be between 5.4-7.47, with between 44.8%-65%
scoring “poor” (CCPKnow < 8) in British and Australian
[9,11,13]
cohorts
. Previous studies have revealed some
of the factors associated with higher CCPKnow scores
including Caucasian ethnicity, higher income, having a
partner, being a member of Crohn’s and Colitis Patient
[9]
Association and longer disease duration . However,
these studies sampled a relatively small cohort of
patients (< 250) and showed limited evidence into
what modifiable factors might affect knowledge levels.
The extent of IBD and pregnancy related patient
knowledge in British women has so far not been
investigated.
In light of the established correlation being between
IBD patients’ level of knowledge on pregnancy matters
and their subsequent decisions on family planning
one can highlight the importance of identifying factors
affecting women’s knowledge. The aim of this study
is to ascertain the extent of low levels of knowledge
amongst a sample of British women and to determine
which factors, particularly which modifiable factors,
influence knowledge of IBD and pregnancy.

CONCLUSION
Knowledge was poor in 50%. Speaking with healthcare professionals was a modifiable factor associated
with better knowledge. This illustrates the importance
of disease related pregnancy education
Key words: Inflammatory bowel disease; ulcerative
colitis; Crohn’s disease; patient knowledge; pregnancy;
reproduction
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Core tip: Inflammatory bowel disease (IBD) affects
many women of childbearing age and knowledge of
IBD and pregnancy related issues, is key to enable
patients to make informed decisions. In this large
study of British women with IBD, knowledge was poor
in over half of participants. Speaking with health care
professionals about pregnancy was identified as a
modifiable factor associated with better knowledge.
This study illustrates first the importance of disease
related education for female patients with IBD and
second highlights that health professionals should seek
opportunities to educate patients about pregnancy and
IBD early in their disease course.
Carbery I, Ghorayeb J, Madill A, Selinger CP. Pregnancy
and inflammatory bowel disease: Do we provide enough
patient education? A British study of 1324 women. World J
Gastroenterol 2016; 22(36): 8219-8225 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i36/8219.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i36.8219

INTRODUCTION

MATERIALS AND METHODS

Inflammatory bowel disease (IBD) is a chronic disease
and includes ulcerative colitis (UC), Crohn’s disease
(CD) and IBD-unclassified (IBD-U). Severity of disease
can differ and the impact upon the quality of life for
individual patients can vary dramatically, with one
study reporting that up to 48% of patients feel IBD
symptoms significantly affect their lives even whilst
[1]
in remission . As the age of onset for IBD is usually
around the reproductive years, questions about having
children and being pregnant are common for many
[2]
women who have IBD . Decision-making regarding
IBD and pregnancy is complex and requires weighing
the benefits and risks of treatments.
Fertility in female patients with IBD is generally
equal or only marginally reduced when compared to
[3-6]
the general population
. Nevertheless, 42.7% of
[7]
women with IBD fear infertility and studies have
shown that voluntary childlessness is more common in
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This study is a post hoc analysis of a recently pub
lished paper examining factors affecting voluntary
[11]
childlessness in IBD . We contacted all 4300 female
members of Crohn’s and Colitis United Kingdom
(the national charity providing support and patient
education in addition to funding research for patients
affected by IBD in the United Kingdom) aged 18-45
years by email. These women were then invited to
complete our online questionnaire using an online
survey system (Bristol Online Surveys, United
Kingdom). Each received two invitation reminders and
submission of the completed questionnaire was taken
as informed consent.
The study collected self reported data on patients’
demographics, educational achievements, employment
status, marital status and sexual orientation. Further
more, questions related to disease characteristics
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Table 1 Patient demographics n (%)
Patient demographics

Table 2 Disease and treatment characteristics n (%)
Value

Characteristics

Age (yr)
Mean 33.5 (18-45)
Ethnicity
White
1258 (95.0)
Asian
34 (2.6)
Black
6 (0.5)
Other
26 (1.9)
Highest educational achievement
Secondary school
157 (11.9)
Apprenticeship/guild/NVQ
386 (29.1)
Bachelor
577 (43.6)
Master/PhD
204 (15.4)
Employment status
Full time employment
697 (52.6)
Part time employment
337 (25.5)
Full time education
102 (7.7)
Unemployed
80 (6.0)
House person
108 (8.2)
Relationship status
Single
259 (19.6)
Separated/divorced
44 (3.3)
Long term relationship/married/civil partnership
1009 (76.2)
Other
12 (0.9)
Same sex relationship
Yes
66 (5.0)
No
1250 (94.4)
Chose not to answer
8 (0.6)

776 (58.6)
496 (37.5)
48 (3.6)
4 (0.3)
Mean 25 yr
Median 24 yr
Mean 8.5 yr
Median 7 yr

Duration of disease
Hospital admissions
Yes
No

923 (69.3)
401 (30.3)
Median 2 admissions

Bowel resection surgery
Yes
No
5-ASA medication
Current
Previous
Never
Corticosteroids
Current
Previous
Never
Immunomodulators
Current
Previous
Never
Anti-TNF agents
Current
Previous
Never

consisted of diagnosis, duration of illness, and number
of hospitalisations, surgical resections, and current as
well as previous exposure to IBD medication. For the
purpose of this post-hoc analysis each participant’s
child status was analysed as a dichotomous variable.
As such, child status group 1 consisted of women who
either had children after diagnosis of IBD or those who
were planning to have children at some stage after
diagnosis. Child status group 2 consisted of women who
only had children prior to diagnosis, those who were
experiencing infertility and those who decided to remain
voluntarily childless.
The validated CCPKnow was used to assess disease[9]
related pregnancy knowledge . This 17-item selfreport questionnaire classifies knowledge as poor (0-7),
adequate (8-10), good (11-13), and very good (14-17).
Data analysis was performed using SPSS 22.0
(IBM, Armonk, United States). We conducted ANOVAs
and student t-tests for continuous data and chisquare tests for categorical data at a p-value < 0.05.
To determine independent predictors of CCPKnow
independence of variables was determined by entering
any significant variables from the univariate analysis
into multiple linear regression analysis. The study was
approved by the National Research Ethics Service
Committee North West - Preston (14/NW/1391).

437 (32.3)
897 (67.7)
Median 2 resections
615 (46.4)
521 (39.4)
188 (14.2)
175 (13.2)
948 (71.6)
201 (15.2)
597 (45.1)
368 (27.7)
359 (27.2)
280 (21.1)
196 (14.8)
848 (64.1)

CD: Crohn’s disease; IBD-U: Inflammatory bowel disease-unclassified;
UC: Ulcerative colitis; TNF: Tumor necrosis factor.

were single and 44 (3.3%) were separated/divorced.
Over half of patients had university level education
with 577 (43.6%) having a bachelors degree and 204
(15.4%) having a masters or doctorate. Over three
quarters were in employment, with 697 (52.6%)
in full time employment, 337 (25.5%) in part time
employment and only 80 (6%) unemployed. For
further details on demographic variables please see
table 1.
Of the 1324 responders 776 (59%) suffered
from CD, 496 (38%) from UC and 52 (4%) from
IBD-U. Ninehundredtwentythree (69.3%) had been
admitted to hospital due to their disease and 437
(32.3%) had undergone bowel resection surgery.
Fourhundredseventysix (35.9%) were either currently
taking or had previously been on biologic medications,
965 (72.8%) for immunomodulators and 1136 (85.8%)
for 5-aminosalicylic acid medication with current or
previous steroid use 1123 (84.8%). Detailed information
regarding disease characteristics and medication history
is available in table 2.
CCPKnow scores were poor (0-7) in 673 partici
pants (50.8%), adequate (8-10) in 313 participants
(23.6%), good (11-13) in 235 participants (17.7%)

RESULTS
A total of 1324 women completed the survey (response
rate 31%) with a mean age of 33 years. Of these 1009
(76.2%) were in a long-term relationship, 259 (19.6%)

WJG|www.wjgnet.com

Value

Diagnosis
CD
UC
IBD-U
Unknown
Age at diagnosis
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and very good (≥ 14) in 103 participants (7.8%).
Higher CCPKnow scores were associated with higher
educational achievement, particularly postgraduate
achievements vs high school achievements (Masters/
PhD 8.67 vs Secondary school degree 5.99, p <
0.001). Working full time and being in a long-term
relationship was respectively associated with better
scores compared to being unemployed and being single
(full time employment 7.18 vs unemployed 6.12, p
= 0.03; long-term relationship 7.60 vs single 6.26,
p < 0.001). Having children after being diagnosed
with IBD or planning to have children was associated
(group 1, CCPknow = 7.71) with significantly better
CCPKnow scores than having children prior to diagnosis,
being infertile or planning to remain childless (group
2, CCPknow = 7.05, p = 0.007). Patients with CD
compared to UC patients, as well as (7.51 vs UC 6.97,
p = 0.026) patients with markers of more severe
disease (hospital admission 7.59 vs none 6.66, p <
0.001; surgery 7.71 vs none 7.12, p = 0.018; current
biological therapy 8.30 vs none 7.05, p < 0.001) had
higher knowledge scores. Ethnicity and same sex
relationships had no influence on CCPKnow scores.
We found significant but modest negative correlations
between age and CCPKnow (Pearson correlation -0.131,
p < 0.001) and between age at diagnosis and CCPKnow
(Pearson correlation -0.212, p < 0.001). Participants
of younger age and participants with younger age at
diagnosis had better CCPKnow scores. See table 3 for
further details regarding CCPKnow scores.
Speaking to health care professionals about IBD
and pregnancy, was also associated with better
CCPKnow scores (spoken to a healthcare professional
8.75 vs not 5.82, p < 0.001). This significant difference
persisted even when data was divided into specific
types of healthcare professionals. Thus, talking to any
healthcare professional significantly correlated with
higher knowledge (Gastroenterologist 9.18 vs no 6.25,
p < 0.001), (GP 8.44 vs no 6.98, p < 0.001), (Specialist
IBD nurse 9.27 vs 6.83, p < 0.001; see figure 1).
Multiple linear regression analysis revealed that
university level education (β = 0.292, p < 0.0001),
having spoken to a health care professional (β = 0.317,
p < 0.0001) and younger age at diagnosis (increasing
age β = -0.274, p = 0.003) were independently
associated with higher CCPKnow scores (table 4).

Table 3 Patient demographics, disease characteristics and
impact of speaking to healthcare professionals on Crohn’s and
colitis pregnancy knowledge score
Factor

Groups

CCPKnow
score

Significance

Age

N/A

P < 0.001

Age at diagnosis

N/A

Pearson
correlation
-0.131
Pearson
correlation
-0.212
7.32
8.00
6.59
6.33
7.43
5.99
6.08
8.02
8.67
6.26
6.82

Ethnicity

Education

Relationship status

Employment status

Same-sex relationship

Diagnosis

Children
Partner with IBD
Hospital admissions
Resection surgery
Current 5-ASA
prescription
Current
immunomodulatory
prescription
Current anti-TNF
prescription
Spoken to HCP
Spoken to GP
Spoken to
gastroenterologist
Spoken to IBD nurse

White
Mixed
Asian
Black
Other
Secondary school
NVQ/diploma
Bachelors degree
Masters/PhD
Single
Separated/
divorced
Long term
relationship
Not stated
Full-time
Part-time
Full-time
education
Unemployed
House person
Yes
No
Chose not to
answer
CD
UC
IBD-U
Unknown
Group 1
Group 2
Yes
No
Admission
None
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

P < 0.001

P = 0.773

P < 0.001

P < 0.001

7.60
7.67
7.18
7.73
7.46
6.12
7.59
6.71
7.35
6.63
7.51
6.97
7.85
4.25
7.71
7.05
8.64
7.30
7.59
6.66
7.71
7.12
7.06
7.53
7.67
7.02
8.30
7.05
8.75
5.82
8.44
6.98
9.18
6.25
9.27
6.83

P = 0.30

P = 0.451

P = 0.051

P = 0.007
P = 0.241
P < 0.001
P = 0.018
P = 0.048
P = 0.006

P < 0.0001
P < 0.001

DISCUSSION

P < 0.001

The importance of IBD and pregnancy related patient
knowledge (as measured by CCPKnow) has been
demonstrated in a number of key studies over the
last 5 years. As discussed, poorer patient knowledge
has been associated with inaccurate opinions about
medications, which if acted upon could increase the risk
[12]
of adverse IBD and potentially pregnancy outcomes .

P < 0.001
P < 0.001

CD: Crohn’s disease; IBD-U: Inflammatory bowel disease-unclassified;
UC: Ulcerative colitis.
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10

Spoken to
Not spoken to

Table 4 Multiple linear regression analysis

CCPKnow score

9

Factors

8

Current 5-ASA (yes/no)
Current immunomodulators (yes/no)
Current biologics (yes/no)
Educational achievement (university/no
university)
Work status (employed/unemployed)
Martial status (relationship/single)
Child status (group 1/group 2)
Diagnosis (CD/UC)
Surgery (yes/no)
Hospital admission (yes/no)
Spoken to HCP (yes/no)
Age
Age at diagnosis

7
6
5

GP

e
nu
rs
IB
D

Ga

st

ro

en
te

ro

lo
g

ist

HC
P

4

Figure 1 Demonstrates effect of talking to healthcare professionals on
Crohn’s and colitis pregnancy knowledge scores.

Significance

-0.490
-0.380
0.111
0.292

P = 0.603
P = 0.663
P = 0.201
P = 0.001

-0.075
0.120
-0.142
0.090
-0.084
0.038
-0.317
-0.211
-0.274

P = 0.369
P = 0.147
P = 0.157
P = 0.336
P = 0.426
P = 0.676
P < 0.0001
P = 0.053
P = 0.003

in need of disease education, increase our under
standing how patient knowledge is formed and in
turn establish which interventions show potential to
improve knowledge for women with IBD. Our study
demonstrates that non-modifiable factors including
education, employment and being in a relationship
had a positive influence on CCPKnow score. It is not
surprising that higher educational achievement was an
independent predictor of higher CCPKnow scores and
that pregnancy related knowledge is more relevant for
women in a relationship compared to single women.
[9]
This has been supported by previous studies . Patients
with CD and higher disease burden also had better
knowledge. While the exact reason for this cannot be
determined from our data, the increased contact with
healthcare professionals associated with more severe
disease may have led to increased knowledge. Patients
with more severe disease may also have a vested
interest in knowing more, as it is likely that it will take
more personal and professional effort to control their
symptoms than someone with mild disease.
Not surprisingly having children after being diag
nosed with IBD or planning to have children was
associated with better CCPKnow scores. Some of the
effects are likely related to the information provided
during pregnancy care or sought out by the patients
in the process of considering pregnancy. The effects
of disease type, severity and child status on CCPKnow
scores disappear on regression analysis suggesting that
the most important factors influencing CCPKnow relate
to general education achievement, age at diagnosis
and having spoken to health care professionals. Child
status was not an independent predictor of CCPKnow
scores as there were clear connections between child
status and age at diagnosis (older women were less
likely to have children post diagnosis).
Speaking with health care professionals about
pregnancy was identified as a strong and independent
modifiable factor associated with better knowledge.
Optimistically, perhaps this is largely due to the education
patients receive during each consultation, however it

Importantly, poor IBD and pregnancy related pa
tient knowledge is also associated with voluntary
[10,11]
childlessness
. Studies examining CCPKnow have
so far reported on medium size cohorts only and data
from the United Kingdom have previously been lacking.
This is the largest study of CCPKnow so far and the first
to study a cohort of British women with IBD. We have
demonstrated that knowledge was poor in over half of
patients.
While the number of studies examining IBD related
pregnancy knowledge is still limited, the relationship
between general patient knowledge in IBD patients
and their physical and mental health outcomes
has been investigated in a number of studies. Poor
general IBD knowledge has been linked to patients
[14]
having less adaptive coping strategies . It has also
been hypothesised that better knowledge of general
IBD issues might be associated with fewer disease
[15]
complications, yet, Eaden et al
found no significant
difference in knowledge between those who developed
colorectal cancer as a complication of IBD and those
patients who did not. However, as they discuss, their
results may be skewed by the theory that having
colorectal cancer itself may increase knowledge late in
the disease course and perhaps comparing CCPKnow
scores between patients who take up screening
colonoscopies and those who do not would have
demonstrated a difference.
Interestingly, better IBD knowledge has not always
been associated with positive patient outcomes.
[16]
Selinger et al
showed that better knowledge was
associated with higher anxiety levels. Whilst it was not
clear whether this was because more anxious patients
sought out more knowledge, it is worth bearing in
mind that by educating patients, we might potentially
cause anxiety.
It is important to examine potential factors as
sociated with poor IBD related patient knowledge.
Such factors may help identify those patients most
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is worth considering that more knowledgeable patients
may also demonstrate better attendance or seek more
contacts with professionals. Indeed a single education
[13]
seminar can improve CCPKnow score significantly . It
is likely that pregnancy related IBD education can have
positive effects on child planning, maternal and foetal
[17]
outcomes as recently demonstrated in a Dutch study .
Patients exposed to pre-conceptual counselling had
[17]
better outcomes than those without such counselling .
The positive contribution of patient education on
clinical outcomes has been clearly demonstrated in
other diseases. A study of an educational intervention
for patients with diabetes showed not only increased
knowledge scores, but also improved HbA1c levels
[18]
and improved self-care and dietary practice . Similar
results have been demonstrated following a patient
education intervention for asthmatics; as knowledge
increased, antibiotic use, steroid use and unplanned
[19]
visits to the doctor all reduced . However, whilst
patient education programmes almost universally show
[20]
better knowledge levels, a study by Waters et al was
grossly underpowered and hence failed to show that
an education programme for IBD patients influences
medication adherence or quality of life.
Our study has a number of strength and weak
nesses. This large sample of British women with IBD
has a similar distribution of disease compared to other
UK IBD cohorts; however more women were in longterm relationships and had university level education
[21,22]
than in the United Kingdom adult population
.
As we have shown, higher educational level equates
with higher CCPKnow scores, it is likely that the
study samples’ CCPKnow scores are actually a slight
overestimation rather than underestimation compared
to the general IBD population.
There are several limitations to this study. Firstly,
all patients are members of Crohn’s and Colitis United
Kingdom, and membership has been shown to
[9]
increase knowledge and specifically CCPKnow scores .
We may have, therefore, overestimated CCPKnow
scores somewhat. However, whilst this makes it likely
that all studied patients had higher knowledge levels
than found in non-members, our results showing
differences in knowledge level still remain valid as we
compared patients like for like and analysis focussed
on differences influenced by other patient and disease
characteristics.
Additionally, data collected regarding disease
characteristics was self-reported and the anonymous
study design did not allow for independent verification
of such self reported data.
In conclusion we have demonstrated poor know
ledge pregnancy related IBD patient knowledge in
over half of this cohort. The positive impact speaking
to a healthcare professional has on CCPKnow score
is highly significant. This study therefore illustrates
the importance of disease related education for
female patients with IBD. Health professionals, of

WJG|www.wjgnet.com

any vocation, should seek opportunities to educate
women of reproductive age about pregnancy and IBD
early in their disease course in an effort to try reduce
voluntary childlessness due to limited knowledge and/or
incorrect assumptions and improve maternal and foetal
outcomes.
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AIM
To perform a systematic review to grade guidelines and
present recommendations for clinical management of
non-alcoholic fatty liver disease (NAFLD).
METHODS
A database search was conducted on PubMed for
guidelines published before May 2016, supplemented by
reviewing relevant websites. The Appraisal of Guidelines
for Research and Evaluation (ARGEE) instrument Ⅱ
was a tool designed to appraise the methodological
rigor and transparency in which a clinical guideline is
developed and it is used internationally. It was used
to appraise the quality of guidelines in this study. The
inclusion criteria include: clinical NAFLD guidelines
for adults, published in English, and released by
governmental agencies or key organizations.
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RESULTS
Eleven guidelines were included in this study. Since
2007, guidelines have been released in Asia (3 in China,
1 in South Korea, and 1 in Japan), Europe (1 in Italy),
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varied by region and age. In the United States, it was
reported to be between 10% and 30%, which is similar
[6-8]
to rates in Europe and Asia
. It is alarming that
[9]
the prevalence of NAFLD worldwide is on the rise ,
along with the associated disorders: obesity, insulin
[8]
resistance, diabetes and metabolic syndrome . New
evidence supports NAFLD as a common liver disease
presenting across the globe, which warrants the
attention of physicians, researchers, and national policy
makers. However, gaps between provider knowledge
and awareness of clinical practice guidelines exist.
Offering continuing education and developing highquality national guidelines may help making inroads into
the problem of suboptimal NAFLD care. A comprehensive
study of the existing guidelines of NAFLD might be useful
for helping stakeholders, including physicians, patients,
policymakers and governmental bodies to develop and
implement guidelines. To our knowledge, this is the first
systematic critical appraisal of published guidelines to
systematically grade and comprehensively present the
evidence-based recommendations for the diagnosis and
treatment of NAFLD.

America (1 in United States and 1 in Chile) and three
international agencies [European associations joint,
Asia-Pacific Working Party and World Gastroenterology
Organization (WGO)]. Using the ARGEE Ⅱ instrument,
we found US 2012 and Europe 2016 had the highest
scores, especially in the areas of rigor of development
and applicability. Additionally, Italy 2010 and Korea
2013 also presented comprehensive content, rigorous
procedures and good applicability. And WGO 2014
offered various algorithms for clinical practice. Lastly,
a practical algorithm for the clinical management was
developed, based on the recommended guidelines.
CONCLUSION
This is the first systematic review of NAFLD guidelines.
It may yield insights for physicians and policy-makers
in the development and application of guidelines.
Key words: Diagnosis; Management; Non-alcoholic
fatty liver disease; Systematic review; Treatment
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD)
is one of the leading chronic liver diseases globally.
A comprehensive study of NAFLD guidelines will be
useful for various stakeholders to develop and utilize
guidelines. This is the first systematic review to grade
NAFLD guidelines and present recommendations for the
clinical management of NAFLD. Through systematically
evaluating the published guidelines and offering a
clinical algorithm, it may yield insights for physicians
and policy-makers in the development and application
of guidelines.

MATERIALS AND METHODS
This systematic review was conducted according to the
[10]
PRISMA guidelines .

Electronic database search

The database search was conducted on PubMed for
guidelines published before May 2016. In the search,
we used the following key words and terms: [“fatty
liver”(Title)] AND [strategy*(Title) OR guideline*(Title)
OR recommendation*(Title) OR management*(Title)].

Websites searches

Zhu JZ, Hollis-Hansen K, Wan XY, Fei SJ, Pang XL, Meng
FD, Yu CH, Li YM. Clinical guidelines of non-alcoholic fatty
liver disease: A systematic review. World J Gastroenterol 2016;
22(36): 8226-8233 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i36/8226.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i36.8226

The literature search was supplemented by searching
relevant websites (using the term “fatty liver”), including
the following: (1) Australia National Health and Medical
Research Council (https://www.nhmrc.gov.au/?); (2)
American College of Physicians (https://www.acponline.
org/); (3) American Medical Association (http://www.
ama-assn.org/ama); (4) Institute for Clinical Systems
Improvement (https://www.icsi.org/); (5) Institute
of Medicine (http://www.nationalacademies.org/);
(6) National Guidelines Clearinghouse (https://www.
guideline.gov/); (7) National Institute for Health and
Clinical Excellence (https://www.nice.org.uk/); (8)
Royal College of Physicians (https://www.rcplondon.
ac.uk/); (9) Scottish Intercollegiate Guidelines Network
(http://www.sign.ac.uk/); and (10) World Health
Organization (http://www.who.int/en/).

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) encompasses
a spectrum of disease ranging from simple hepatic
steatosis, to inflammatory non-alcoholic steatohepatitis
(NASH) with increasing levels of fibrosis and eventually
[1]
hepatic cirrhosis . According to the latest guideline
[2]
released in Europe , it is defined by the presence
of steatosis in > 5% hepatocytes, in the absence of
[3]
other causes attributed to hepatic steatosis . Recent
advance supports NAFLD as the chronic liver disease
[4]
component of metabolic syndrome .
[5]
Younossi et al estimated the global prevalence of
imaging-diagnostic NAFLD arrived at 25%, although it

WJG|www.wjgnet.com

Inclusion criteria and guidelines selection

The guideline was included in this study, if it met the
following criteria: (1) clinical guidelines regarding the
diagnosis and management of NAFLD in adults; (2)
released by governmental agencies or key health
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Asia (3 in China, 1 in Japan and 1 in South Korea),
while three guidelines were released in the United
States, Italy and Chile, respectively (Table 1). Three
guidelines were released by international agencies,
i.e. Asia-Pacific Working Party, World Gastroenterology
Organization (WGO) and a joint commission of
European associations.

Records identified

via PubMed search
= 134
Evaluated by title
Excluded because:
Language, n = 22
Irrelevant studies, n = 26
Evaluation by
abstract
n = 86

Guidelines quality scores

Eleven guidelines were appraised according to AGREE
Ⅱ, as presented in Table 1 and Figure 2. We highly
recommended the two guidelines, United States
[1]
[2]
12 and Europe 16 , given the high scores and the
[12]
authority of the organizations. Additionally, Italy 10
[13]
and South Korea 13
also presented comprehensive
content, rigorous procedures and good applicability.
[14]
Lastly, WGO 14
offered a variety of algorithms for
clinical practice.

Evaluated by abstract
Excluded because:
Failed to meet criteria,
n = 12
Duplication, n = 10
Further evaluation
by full-text
n = 64
Evaluated by full-text
Excluded because:
Failed to meet criteria,
n = 54

Clinical algorithm

Figure 3 presented a clinical algorithm for the diagnosis
and management of NAFLD in adults. Generally,
the procedure of clinical practice includes diagnosis,
assessment, and management.

Guidelines met
criteria
n = 10

DISCUSSION

Guidelines included
n = 11

This is the first systematic critical appraisal to grade
the guidelines and present the evidence-based
recommendations for the clinical management of
NAFLD. Using the ARGEE Ⅱ instrument, we found
[1]
[2]
United States 12 and Europe 16 had the highest
scores, especially in the areas of rigor of development
and applicability. Additionally, we developed a clinical
algorithm for the diagnosis and management of NAFLD
in adults.
NAFLD is one of the leading chronic liver diseases
[5]
in the world . While incidence rates may possibly vary
[15,16]
and/or be underreported
, the present situation
reinforces the need for a precise and rational system
of management for NAFLD. Additionally, the obesity
epidemic has led to a rapidly increasing population at
risk for NAFLD, and shows no signs of slowing down.
Therefore, NAFLD will only become a larger problem in
the future if it is not properly prevented and managed
now.
Currently, liver biopsy has still been regarded
as the gold standard in the diagnostic evaluation of
[17]
NAFLD . However, a biopsy is an invasive practice,
which carries a series of medical risks, e.g. hemorrhage
[2]
and infection . The non-invasive assessing method
that is most suitable for evaluating hepatic steatosis
is ultrasound, with a sensitivity of 60%-94% and a
[18]
specificity of 66%-97% , even though it presents
less precise in milder degrees of steatosis. Given the
widely availability and economic efficiency, ultrasound
is recommended as a first-line diagnostic test in
most guidelines, rather than liver biopsy and other

Guidelines from
the websites
n =1

Figure 1 Flow chart of guidelines searching.

organizations; and (3) published in English. Two
investigators independently performed the screen on
PubMed and the websites, according to the inclusion
criteria. Discrepancies were resolved by the involvement
of a third reviewer.

The Appraisal of Guidelines for Research and Evaluation
instrument II
The Appraisal of Guidelines for Research and Evaluation
(AGREE) Ⅱ was a tool designed to appraise the
methodological rigor and transparency in which a clinical
guideline is developed and it is used internationally.
It consists of 23 items grouped in 6 domains, i.e.,
scope and purpose, stakeholder involvement, rigor of
development, clarity and presentation, applicability and
[11]
editorial independence .

RESULTS
Guidelines included in the study

As shown in Figure 1, eleven guidelines met the criteria
and were included in the final version of this systematic
review. Since 2007, five guidelines were released in

WJG|www.wjgnet.com
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A

B
APWP 07

APWP 07

China 08

China 08

Italy 10

Italy 10

China 11

China 11

United States 12

United States 12

South Korea 13

South Korea 13

China 13

China 13

Chile 14

Chile 14

WGO 14

WGO 14

Japan 15

Japan 15

Europe 16

Europe 16

0.0

20.0

40.0

1. Scope and purpose

60.0

80.0

100.0

0.0

C

20.0

40.0

3. Rigour of development

2. Stakeholder involvement

60.0

80.0

100.0

4. Clarity of presentation

D
APWP 07

APWP 07

China 08

China 08

Italy 10

Italy 10

China 11

China 11

United States 12

United States 12

South Korea 13

South Korea 13

China 13

China 13

Chile 14

Chile 14

WGO 14

WGO 14

Japan 15

Japan 15

Europe 16

Europe 16

0.0

20.0

40.0

5. Applicability

60.0

80.0

0

100.0

1

2

3

4

5

6

7

Overall

6. Editorial independencet

Figure 2 Domain scores for each guideline based on the Appraisal of Guidelines for Research and Evaluation Ⅱ Instrument. A-C: Each Appraisal of
Guidelines for Research and Evaluation Ⅱ domain score for guidelines is presented on the X-axis as a percentage of 100 (0% = the domain was not at all satisfied;
and 100% = fully satisfied). D: Overall scores for guidelines. WGO: World Gastroenterology Organization.

imaging tools. Additionally, a variety of noninvasive
algorithms, based on metabolic and anthropometric
tests, have been developed for identifying NAFLD,
[19]
e.g. the fatty liver index
and the hepatic steatosis
[20]
index . They have been utilized to screen subjects
with hepatic steatosis in large epidemiologic studies
[18]
or predicting potential patients in clinical practice .
The development of more accurate and noninvasive
diagnostic tools is still a major unmet demand in the
clinic.

WJG|www.wjgnet.com

In terms of treatment, the pathophysiological
association between NAFLD and obesity-related
diseases, e.g., metabolic syndrome and diabetes,
supports structured programs of lifestyle intervention
aimed at weight loss, before or in addition to
[3,21]
pharmacotherapy
. The elements of a comprehensive
lifestyle approach generally include energy restriction,
macronutrient composition, alcohol consumption,
[2]
coffee drinking and physical activity . Furthermore,
published guidelines suggested pharmacotherapy
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1

Imaging: ultrasound (preferable), CT, MRI, or H-MRS

Evidence of hepatic steatosis
Step 1
Diagnosis

Exclusion of other potential causes:
Significant alcohol consumption, viral hepatitis, autoimmune
hepatitis, steatosis-associated drugs, Wilson’s disease, Reye’s
syndrome, acute fatty liver or pregnancy, HELLP syndrome and

Causes of secondary hepatic fat
accumulation

etc.

Step 2
Evaluation

(1)
(2)
(3)
(4)
(5)

Clinical evaluation

NAFL

NASH
(early-advanced stage)

Bilirubin, ALT, AST, GGT, albumin, blood count;
FPG, HbA1c, HOMA-IR, fasting insulin and lipids;
Serum biomarkers/scores and elastography;
Liver biopsy and histology;
Anthropometry (e.g. BMI, WHR) and blood pressure

NAFL: Presence of hepatic steatosis with no evidence of
hepatocellular injury in the form of ballooning of the hepatocytes or
no evidence of fibrosis.
NASH: Presence of hepatic steatosis and inflammation with
hepatocyte injury (ballooning) with or without fibrosis, categorized
as follows: [• Early stage: no or mild (F0-F1) fibrosis; • Fibrotic
NASH: significant (≥ F2) or advanced (≥ F3, bridging) fibrosis; •
End stage: cirrhosis (F4)]

NASH
(end stage)

(1) Includes physical activity (150-200 min/w moderate
intensity), energy restriction (reduce 500-1000 kcal/d intake to
induce a 500-1000 g/w weight loss), macronutrient composition,
reduction of fructose/alcohol intake
(2) Benefits: reduce aminotransferases and improve steatosis

Lifestyle intervention

Step 3
Management

(1) Includes insulin sensitizers (metformin and
thiazolidinediones), antioxidants (vitamin E), FXR agonist
(obeticholic acid) and lipid lowering agents (statin);
(2) Indications: NASH patients, particularly with fibrosis
(≥ stage F2).

Pharmacological
therapy

(1) Includes Roux-en-Y gastric bypass, gastric banding;
(2) Indications: an option if unresponsive to lifestyle changes
and pharmacotherapy;
(3) Benefits: reducing weight and metabolic complications

Bariatric surgery

(1) Indications: only NAFLD-associated cirrhosis;
(2) Restricted by liver source; likely failure in patients with
morbid obesity

Liver
transplantation

Figure 3 Clinical algorithm for the diagnosis and management of non-alcoholic fatty liver disease in adults. The algorithm was developed according to
United States 12[1], WGO 14[13] and Europe 16[2]. 1H-MRS: Proton magnetic resonance spectroscopy; ALT: Alanine transaminase; AST: Aspartate transaminase; BMI:
Body mass index; CT: Computed tomography; FPG: Fasting plasma glucose; FXR: Farnesoid X receptor; GGT: Gamma-glutamyltransferase; HbA1c: Hemoglobin
a1c; HOMA-IR: Homeostasis model assessment of insulin resistance; MRI: Magnetic resonance imaging; WHR: Waist-to-hip ratio; WGO: World Gastroenterology
Organization; NAFLD: Non-alcoholic fatty liver disease.

should be exclusively indicated for early-stage NASH
[2,22]
with increased risk of advanced NASH
. The past
decade has witnessed some advance in clinical
pharmacotherapy trials, e.g., the use of metformin,
pioglitazone and vitamin E, however most NASH
[2,23]
patients failed to respond to these methods
.
When considering safety and tolerability, no drug
has been approved for NAFLD by pharmacological
agencies by now, while no specific drug therapy was
[2]
firmly recommended in the present guidelines .
Therefore, it is still imperative to continue research

WJG|www.wjgnet.com

to improve pharmacotherapy for NASH and hepatic
fibrosis. Additionally, the role of bariatric surgery in the
treatment of NAFLD is still unknown. Current evidence
found that NAFLD patients who undergo bariatric
surgery require long-term postoperative management,
[1,14]
due to an increased risk for fibrosis progression
.
This is the first systematic review of published
[11]
NAFLD guidelines. Using AGREE Ⅱ , it systematically
grades the guidelines and presents the evidencebased recommendations for the clinical management
of NAFLD. Additionally, a clinical algorithm for the
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Table 1 Characteristics of non-alcoholic fatty liver disease guidelines included in this study
Author(s)/Organization(s)

Published Year Region/country

Chitturi et al[25]. Asia–Pacific Working
Party on NAFLD (APWP 07)

2007

Asia–Pacific
region

Zeng et al[26]. The Chinese National
Consensus Workshop on NAFLD (China
08)
Loria et al[12]. Italian Association for the
Study of the Liver (Italy 10)

2008

China

2010

Italy

Fan et al[27]. Chinese Association for the
Study of Liver Disease (China 11)
Chalasani et al[1]. American Association
for the Study of Liver Diseases, American
College of Gastroenterology, and the
American Gastroenterological Association
(US 12)
The Korean Association for the Study of
the Liver (South Korea 13)[13]
Gao et al[28]. Study Group of Liver
and Metabolism, Chinese Society of
Endocrinology (China 13)

2011

China

2012

United States

2013

South Korea

2013

China

Arab et al[29]. Chilean Society of
Gastroenterology (Chile 14)
LaBrecque et al[14]. World
Gastroenterology Organization (WGO 14)

2014

Chile

2014

World

Watanabe et al[30] Japanese Society of
Gastroenterology (Japan 15)

2015

Japan

European Association for the Study of the
Liver, European Association for the Study
of Diabetes and European Association for
the Study of Obesity (Europe 16)[2]

2016

Europe

Title

Recommendation

Non-alcoholic fatty liver disease in the Asia-Pacific
region: Definitions and overview of proposed
guidelines
Guidelines for the diagnosis and treatment of
nonalcoholic fatty liver diseases

Not recommended

Practice guidelines for the diagnosis and
management of nonalcoholic fatty liver disease: A
decalogue from the Italian Association for the Study
of the Liver (AISF) Expert Committee
Guidelines for the diagnosis and management of
nonalcoholic fatty liver disease: Update 2010
The diagnosis and management of non-alcoholic
fatty liver disease: Practice Guideline by the
American Association for the Study of Liver
Diseases, American College of Gastroenterology, and
the American Gastroenterological Association
KASL clinical practice guidelines: Management of
nonalcoholic fatty liver disease
Diagnosis and management of non-alcoholic fatty
liver disease and related metabolic disorders:
Consensus statement from the Study Group of Liver
and Metabolism, Chinese Society of Endocrinology
Management of nonalcoholic fatty liver disease: An
evidence-based clinical practice review
World Gastroenterology Organization global
guidelines: Nonalcoholic fatty liver disease and
nonalcoholic steatohepatitis
Evidence-based clinical practice guidelines for
nonalcoholic fatty liver disease/nonalcoholic
steatohepatitis
EASL–EASD–EASO Clinical Practice Guidelines for
the management of non-alcoholic fatty liver disease

Recommended but
modified

Not recommended

Not recommended
Recommended

Recommended but
modified
Not recommended

Not recommended
Not recommended

Not recommended

Recommended

Ordered by publication year. Recommendation was developed based on AGREE Ⅱ instrument. NAFLD: Non-alcoholic fatty liver disease.

clinical practice was developed, based on the highly
recommended guidelines.
This study has some limitations. To begin with, only
the guidelines in English were included in this review.
Thus, high-quality guidelines in other languages might
have been missed. Second, we chose the AGREE Ⅱ
instrument to evaluate the guidelines, even though
[24]
there are other appraisals, e.g. Global Rating Scale .
Third, guidelines should include information on how
to reduce inappropriate practice and improve the
efficiency of management. Further, the application of
guidelines is crucial in clinical practice. However, we
failed to evaluate the acceptance and the application
of the guidelines in this review, due to the limited
inclusion in the literature included in this review.
In this study, a systematic review was conducted
to search and integrate the published guidelines of
NAFLD. Furthermore, based on the evaluation of
the included guidelines, a clinical algorithm for the
diagnosis and management of NAFLD was developed.
We hope it will yield insights for physicians and
policy-makers in the development and application of
guidelines moving forward.
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COMMENTS
COMMENTS
Background

Non-alcoholic fatty liver disease (NAFLD) is one of the leading chronic liver
diseases globally. A comprehensive study of NAFLD guidelines will be useful
for various stakeholders to develop and utilize guidelines.

Research frontiers

New evidence supports NAFLD as a common liver disease presenting across
the globe, which warrants the attention of physicians, researchers, and national
policy makers. However, gaps between provider knowledge and awareness of
clinical practice guidelines exist. Offering continuing education and developing
high-quality national guidelines may help making inroads into the problem of
suboptimal NAFLD care.

Innovations and breakthrough

A comprehensive study of the existing guidelines of NAFLD might be useful
for helping stakeholders, including physicians, patients, policymakers and
governmental bodies to develop and implement guidelines. The authors
think, this is the first systematic critical appraisal of published guidelines
to systematically grade and comprehensively present the evidence-based
recommendations for the diagnosis and treatment of NAFLD.

Applications

The systematic review included eleven published NAFLD guidelines in
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the worldwide. Furthermore, we graded the guidelines, using the AGREE
instrument Ⅱ. Lastly, a practical algorithm for the clinical management was
developed, based on the recommended guidelines.

12

Terminology

The Appraisal of Guidelines for Research and Evaluation instrument Ⅱ was a
tool designed to appraise the methodological rigor and transparency in which
a clinical guideline is developed and it is used internationally. It consists of 23
items grouped in 6 domains, i.e., scope and purpose, stakeholder involvement,
rigor of development, clarity and presentation, applicability and editorial
independence.

13

Peer-review

14

The authors conducted the first systematic review of published NAFLD
guidelines. It may yield insights for physicians and policy-makers in the
development and application of guidelines.
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CASE REPORT

Diagnosis of colonic amebiasis and coexisting signet-ring
cell carcinoma in intestinal biopsy
Alexandra Grosse

Abstract

Alexandra Grosse, Institute of Clinical Pathology, University
Hospital Zurich, 8091 Zurich, Switzerland

Amebiasis is uncommon in developed countries. Several
case reports in the literature emphasize that both the
presenting symptoms and the radiological findings
of colonic amebiasis closely resemble more common
conditions, such as idiopathic inflammatory bowel
disease and gastro-intestinal malignancy. We describe a
unique case of colonic amebiasis (amebomas) coexisting
with signet-ring cell carcinoma of the ileocecal valve, the
cecum and the appendix. Endoscopically, the ulcerated
tumor was indistinguishable from the ulcerations and
pseudotumors (amebomas) detected in the ascending
colon. Histological examination of biopsy specimens
revealed the pathognomonic features of protozoa with
ingested erythrocytes in combination with signet-ring
cell infiltration. The author concludes that amebiasis
may not only mimic carcinoma but, rarely, may coexist
with carcinoma in the same patient. Clinicians and
pathologists should be aware of this possibility in order
not to delay diagnosis and treatment of malignant
disease.
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Core tip: This case report presents the unique case of
a patient in whom colonic amebiasis (amebomas) and
signet-ring cell carcinoma of the ileocecal valve, the
cecum and the appendix were diagnosed in intestinal
biopsy specimens. In the setting of amebiasis,
malignancy may easily be overlooked. Therefore,
clinicians and pathologists should be aware that colonic
amebiasis and colorectal carcinoma may coexist in the
same patient.
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cm in diameter) and more solid lesion was found at
the ileocecal valve involving the adjacent cecum and
the appendix (Figure 2C and D). These endoscopic
manifestations were considered to be inconclusive.
While the ulcerated lesions were found to be atypical
of Crohn’s disease, differential diagnoses included
tuberculosis, lymphoma and carcinoma.
Microscopically, the masses in the ascending
colon consisted of necrosis with large amounts of cell
debris, desquamated epithelial cells and neutrophils,
and extensive inflammatory tissue reaction in the
absence of malignancy. Both in the debris and in the
submucosal tissues there was evidence of periodic
acid-Schiff (PAS)-positive amebas that displayed
characteristic features of the invasive pathogen with
ingested erythrocytes (Figure 3A-D). Because of the
absence of malignancy, the masses in the ascending
colon were considered to be amebomas, a complication
of chronic amebic disease. Microscopic examination
(hematoxylin-eosin and immunohistochemical stains)
of biopsy specimens from the ileocecal valve showed
amebas intermixed with signet-ring cells infiltrating the
submucosa (Figure 3E-J). The CK 7, CK 20 and CDX-2
positive tumor cells, which stained negative with
neuroendocrine markers, demonstrated preserved
expression of the mismatch-repair proteins MLH1,
PMS2, MSH2 and MSH6, indicating a microsatellite
stable phenotype of carcinoma.
The pre-operative patient work-up included com
puted tomographic imaging of the chest and upper
abdominal region, which revealed no extraintesti
nal manifestations of amebiasis, and explorative
laparoscopy (Figure 4A and B) along with cytological
examination of and biopsies from the peritoneum,
which showed peritoneal carcinomatosis. After
treatment with metronidazole, the patient underwent
chemotherapy. Four months after diagnosis, rightsided hemicolectomy, omentectomy and Douglasresection with hysterectomy and bilateral salpingooophorectomy were performed. Gross pathology of
the surgical specimens showed tumor involvement
of the cecum, the appendix and the ileocecal valve
(Figure 5A). Metastases were found in the regional
lymph nodes, the ovaries (Figure 5B), the fallopian
tubes, the peritoneum, the omentum and the
diaphragm. The biopsy-based diagnosis of signet-ring
cell adenocarcinoma was confirmed by histology of the
resected specimens (Figure 6A-F).

Grosse A. Diagnosis of colonic amebiasis and coexisting signetring cell carcinoma in intestinal biopsy. World J Gastroenterol
2016; 22(36): 8234-8241 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i36/8234.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i36.8234

INTRODUCTION
Amebiasis caused by Entamoeba histolytica (E.
histolytica) is one of the most fatal parasitic diseases
worldwide. The organism is commonly acquired by
ingestion of contaminated food and water and is
endemic in developing countries with poor sanitation.
Presentation of intestinal disease ranges from asymp
tomatic infection or acute proctocolitis to acute
fulminant colitis with high mortality rates. Both the
clinical presentation and the endoscopic appearance of
[1-8]
colonic amebiasis can mimic colon carcinoma . We
present an exceedingly rare case of colonic amebiasis
(amebomas) with coexisting signet-ring cell carcinoma
of the ileocecal valve, the cecum and the appendix
diagnosed upon histological and immunohistochemical
examination of intestinal biopsy specimens.

CASE REPORT
A 35-year-old woman presented to our hospital with
diarrhea, right-lower-quadrant abdominal pain and
cramps of two months’ duration. The patient gave a
travel history to Nepal where she had studied for one
year prior to presentation. Her medical history was
otherwise unremarkable; in particular, she had no
family history of chronic idiopathic inflammatory bowel
disease.
Laboratory tests revealed normocytic anemia
(hemoglobin 105 g/L, hematocrit 0.34 L/L, and
erythrocytes 3.70 T/L), with low vitamin B-12 (130
ng/L), high serum iron (35.3 µmol/L), significantly
increased serum ferritin (1042 µg/L) and normal
transferrin, as well as neutrophilic leukocytosis
(leukocytes 11.52 G/L and neutrophils 9.30 G/L).
Magnetic resonance imaging (MRI) showed mural
thickening of the ileocecum and the appendix, which
was interpreted as being inflammatory in nature (Figure
1); there was no evidence of an abscess. MRI also
disclosed a nonhomogeneous, cystic mass of the left
ovary that measured 7.9 cm in diameter. Gastroscopy
and proctoscopy including anorectal examination were
inconspicuous. Colonoscopy revealed multiple ulcer
ations and up to 10 well-circumscribed, ulcerated,
tumor-like masses, separated by normal mucosa, in
the ascending colon (Figure 2A and B). The masses
were livid-colored at the periphery and necrotic at
the center, and these masses ranged in size from 8
mm to 33 mm in diameter. A similar, but larger (4.5

WJG|www.wjgnet.com

DISCUSSION
E. histolytica is a major cause of diarrhea in developing
countries, primarily in tropical and subtropical regions
with poor sanitation and inadequate barriers between
food/water and human feces. In developed countries,
most infections arise in immigrants and travelers
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A

B

C
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Figure 1 Magnetic resonance imaging showed mural thickening of the ileocecum and the appendix, which was interpreted as being inflammatory in
nature. A-E: Magnetic resonance images (A: T2-weighted magnetization transfer contrast transversal; B: T2-weighted fat saturated transversal; C: T2-weighted halfFourier acquired single-shot turbo spin-echo transversal; D: T1-weighted VIBE-Dixon postcontrast transversal, E: T1-weighted VIBE-Dixon postcontrast coronal)
showing mural thickening (arrows in A-C) of the ileocecum and the appendix with contrast enhancement (arrow in D, asterix in E).

from endemic areas. Young infants, pregnant women,
malnourished individuals, and immunocompromised
individuals are at highest risk for severe disease,
which is characterized by complications such as
perforation, toxic megacolon, fistulae, liver abscess
and hemorrhage. Each year E. histolytica causes
40-50 million symptomatic infections worldwide, and
approximately 40000 to 100000 people die each year
from the disease, making this condition the second
leading cause of death among parasitic diseases
[9-11]
worldwide (after malaria)
. The majority of the
[12,13]
patients (90%) remain asymptomatic
. Symp
tomatic patients can have simple acute proctocolitis
or develop uncommon forms of GI involvement that
include toxic megacolon, which is usually associated
with corticosteroid treatment, abscess formation,

WJG|www.wjgnet.com

and acute fulminant colitis with a mortality rate over
[14]
40% . Clinical symptoms range from mild, with
diarrhea, abdominal cramps and right lower quadrant
tenderness (“non-dysenteric” infection), to severe,
with abdominal cramps, fever and mucoid or bloody
diarrhea (“dysenteric or invasive” infection).
The infestation begins with ingestion of E. histolytica
cysts from food or water contaminated with feces.
After digestion of the cysts in the intestinal lumen
trophozoites are released. The trophozoites reproduce
by clonal expansion and finally form cysts in the colon
that are excreted in the feces and into the environment
completing the life cycle of the parasite. E. histolytica
has phagocytic, proteolytic and cytolytic capabilities
and is known to secrete metabolic enzymes that
facilitate their invasion into the mucosa and submucosa

8236

September 28, 2016|Volume 22|Issue 36|

Grosse A. Amebiasis and coexisting colon carcinoma

A

B

C

D

Figure 2 Colonoscopy. A, B: Colonoscopy showing multiple pseudotumors (amebomas) in the ascending colon, mimicking carcinoma; C, D: Endoscopic view of a
large ulcerated tumor mass at the ileocecal valve.

causing characteristic flask-shaped intestinal ulcers.
The parasites may penetrate through the mucosa
and submucosa into the portal circulation and reach
internal organs such as the liver, lungs, skin, etc.
Amebiasis may involve any part of the bowel, but the
[9]
cecum and the ascending colon are predilection sites .
The most common extraintestinal manifestation is liver
abscess caused by hematogenous spread from the GI
tract.
The pathophysiological mechanism includes adhesion
of E. histolytica to the intestinal epithelial cells via the
Gal/GalNAc lectin (galactose/N-acetylgalactosamine
specific lectin) triggering host cell death through
phagocytosis, cytotoxicity and caspase activation.
Other molecules involved in the disease process
are amebapores, a serine-rich E. histolytica protein,
[15,16]
and cysteine proteases
. The ulcers observed on
endoscopy vary in size from pin-head size to large
(> 2.5 cm in diameter), coalescing, geographic or
serpiginous lesions with intervening normal mucosa.
Amebomas, a late complication of the disease,
are pseudo-tumoral lesions formed by granulation
tissue with peripheral fibrosis and a core of chronic
inflammation usually found in the cecum or ascending
colon. Amebomas may cause obstructive symptoms
and can be confused with malignancy. In addition, both
the endoscopic appearance and the histologic features
(including crypt architectural distortion, mural fibrosis
and scarring) of chronic amebic colitis may resemble

WJG|www.wjgnet.com

Crohn’s disease. In contrast to amebic colitis, Crohn’s
disease does not spare the upper gastrointestinal tract
and shows additional histological features typical of
chronic idiopathic inflammatory bowel disease, such as
granulomas, crypt abscesses and transmural lymphoid
aggregates in the absence of protozoa.
Although a number of antigenic and molecular
[17]
diagnostic tools have been developed over the years ,
the most commonly used method for diagnosis of
intestinal amebiasis remains the examination of stool or
intestinal biopsy by microscopy. The reported sensitivity
of microscopic stool examination in identifying amebic
[18]
protozoa ranges from 25% to 60% . Histological
features of E. histolytica include distinct cell membranes,
foamy cytoplasm, round and eccentrically located nuclei
with margination of nuclear chromatin, and ingested red
blood cells. The parasites may resemble macrophages
but are CD-68 negative, PAS and trichrome positive
and have smaller nuclei. Because of the conversion of
glucose and pyruvate to ethanol, these organisms are
highly motile, resulting in a pleomorphic shape (with
diameters ranging from 10 to 50 µm). In the current
case, the diagnosis of colonic amebiasis and signetring cell carcinoma was established by histological
examination of intestinal biopsy specimens showing
the pathognomonic features of protozoa with ingested
erythrocytes in combination with infiltrating tumor cells.
While the findings were consistent with E. histolytica
amebomas, antigenic or molecular tests for definitive
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Figure 3 Microscopic examination. A, B: Microscopy (A: HE stain, × 20, B: PAS, × 20) of biopsy specimens from the ascending colon showing aggregations
of round PAS-positive Entamoeba histolytica trophozoites within cell debris; C, D: High power view (C: HE stain, × 40, D: PAS, × 20) demonstrating PAS-positive
trophozoites containing ingested erythrocytes (arrow in C); E, F: Microscopy (HE stain, × 20) of biopsy specimens from the ileocecal valve showing infiltrating signetring cells (arrows in E) in combination with amebic protozoa (arrow in F); G-J: The tumor cells stain positive with pancytokeratin (G: × 20), CK 7 (H: × 20), CK 20 (I: ×
20) and CDX-2 (J: × 20).
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B

A

Figure 4 Explorative laparoscopy. A, B: Laparoscopic view of a tumor mass (arrows) at the ileocecum and the appendix.

A

B

Figure 5 Gross pathology of the surgical specimens. A: Gross image showing a tumor mass (arrows) that involves the appendix, the ileocecal valve and the
cecum. Surgical resection was performed after eradication of amebiasis and chemotherapy. B: Gross image of the Douglas-resection showing bilateral ovary
metastases (arrows).

species identification were not performed, posing a
limitation to the current study. Thus, (co-)infection
with other morphologically indistinguishable E. species
(E. dispar and E. moshkovskii) cannot definitively be
excluded. Several investigations provide evidence
that the prevalence of E. histolytica, derived from
studies using conventional diagnostic tools (microscopy
and/or culture), is often overestimated because of its
epidemiological overlap with non-pathogenic E. species,
and only a proportion of microscopically positive stool
samples are true E. histolytica infections as confirmed
[19-22]
by polymerase chain reaction assay
. However,
given that E. dispar is generally considered noninvasive and thus related to asymptomatic infections
(despite emerging evidence that E. dispar can acquire
pathogenicity in the presence of bacteria and produce
[23]
significant lesions in the human intestine and liver ),
based on the clinical presentation, E. histolytica is likely
the causative agent of dysenteric colitis and amebomas
in the current case.

WJG|www.wjgnet.com

Colonic amebiasis can mimic colon carcinoma clini
[1-8]
cally, radiologically and endoscopically . Conversely,
amebiasis and coexisting carcinoma are exceedingly
[24-29]
rare
. In two African studies, colorectal carcinoma
was found to be associated with intestinal amebiasis
[24,25]
in 6.1% and 6.5% of cases
. Furthermore, five
cases of cervical, perineal, sigmoid and pulmonary
carcinomas colonized by E. histolytica have been
[26-28]
described in three case reports
. However, apart
[29]
from a single case study dated from 1963 , to our
knowledge the unique coincidence of colon carcinoma
and amebomas has not been published previously in
the literature.
The unusual co-occurrence of amebic infection
and carcinoma poses particular challenges for both
the pathologist and the clinician. Because coexisting
malignancy in the setting of amebic disease can
easily be overlooked, careful evaluation of individuals
with amebiasis is necessary to confirm or rule out
accompanying malignant disease.
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Figure 6 Biopsy-based diagnosis of signet-ring cell adenocarcinoma was confirmed by histology of the resected specimens. A, B: Microscopy (A: HE stain,
× 40, B: HE stain, × 20) of surgical specimens demonstrating infiltration of the colonic wall by signet-ring cells; C, D: The tumor involves the cecum (C: HE stain, × 4)
and the appendix (D: HE stain, × 4); E, F: Microscopy showing metastases to the ovary (D: HE stain, × 10) and lymph nodes (E: HE stain, × 10).
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and upper abdominal region revealed no extraintestinal mass-like lesions.

Case characteristics

Pathological diagnosis

Clinical diagnosis

Treatment

A 35-year-old woman with no significant medical history, but a travel history to
Nepal, presented with diarrhea and right-lower-quadrant abdominal pain and
cramps of two months’ duration.

Amebomas and coexisting signet-ring cell carcinoma of the ileocecal valve, the
cecum and the appendix with metastatic spread to the regional lymph nodes,
ovaries, fallopian tubes, peritoneum, omentum and diaphragm.

Right-lower-quadrant tenderness and mucoid diarrhea.

Treatment with metronidazole followed by chemotherapy and rightsided hemicolectomy, omentectomy, hysterectomy and bilateral salpingooophorectomy.

Differential diagnosis

Carcinoma, lymphoma, tuberculosis or Crohn’s disease.

Related reports

Laboratory diagnosis

Several case reports emphasize that colonic amebiasis can mimic colon
carcinoma leading to misdiagnosis. Rarely, colorectal carcinoma may be
colonized by E. dispar and E. moshkovskii. Apart from a single case report, the
unique coincidence of colon carcinoma and amebomas has not been published
previously in the literature.

Laboratory tests showed neutrophilic leukocytosis and normocytic anemia,
thought to be related to vitamin B-12 deficiency and occult intestinal bleeding.

Imaging diagnosis

Magnetic resonance imaging showed mural thickening of the cecum, appendix
and adjacent terminal ileum. Colonoscopy disclosed multiple ulcerated, tumorlike masses (up to 33 mm in diameter) in the ascending colon and a 4.5 cm
solid lesion at the ileocecal valve. Computed tomographic imaging of the chest
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Term explanation

Amebomas, a late manifestation of amebiasis, are pseudo-tumoral lesions.
They consist of granulation tissue with a core of chronic inflammation and
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typically occur in the cecum or ascending colon.

13

Experiences and lessons

Colonic amebiasis can be confused with a neoplastic process. However,
rarely, colon carcinoma and amebic disease may coexist in the same patient.
Gastroenterologists and pathologists should be aware of this possibility and
carefully evaluate patients with amebiasis to rule out concurrent malignancy.

14
15

Peer-review

The paper is well written. A limitation of the current study lies in the fact that
definitive species identification was not performed using antigenic or molecular
methods. However, the clinical presentation of the patient indicates that
Entamoeba histolytica is likely the causative agent of dysenteric colitis and
amebomas in the current case.
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Abstract
The present report describes a rare case of a tumor
composed of early gastric cancer and a duodenal
neuroendocrine tumor (NET). A 78-year-old woman
underwent esophagogastroduodenoscopy at a local
institution for screening of the upper gastrointestinal
tract which revealed a protruded tumor through the
pyloric ring from the pyloric antrum. The tumor was
too large to treat at the facility; consequently, she
was referred to our hospital for further management.
Esophagogastroduodenoscopy with tumor biopsy of the
lesion revealed the diagnosis of early gastric cancer.
Endoscopic submucosal dissection was performed with
sufficient free margins in both vertical and horizontal
directions. Histopathological findings showed NET
confined to the submucosal layer and covered by welldifferentiated adenocarcinoma. Immunohistochemical
stainings showed that the two lesions existed con
tinuously. While the possibility of a collision cancer was
considered, it was suggested that the two lesions existed
continuously. Finally, the tumor was diagnosed as gastric
cancer composed of duodenal NET G1, with a lymphatic
invasion of NET component.
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No abnormalities were found on physical exami
nation, including vital signs, and routine laboratory
analyses. Serum levels of tumor markers such as
carcinoembryonic antigen and carbohydrate antigen
19-9 were 2.9 ng/mL and 9 U/mL, respectively.
Computed tomography of the abdomen revealed no
mass in the gastrointestinal tract and no lymph node
swelling or metastasis. EGD revealed a protruded tumor
with a diameter of approximately 20 mm over the bulb
from the pylorus antrum (Figure 1A and B). Magnifying
endoscopy with narrow-band imaging showed irre
gularities in the structures and vessels of the tumor,
which led to the suspicion of early gastric cancer (Figure
1C). Biopsy from the gastric portion of the tumor
revealed well-differentiated adenocarcinoma. We
were unable to investigate the whole tumor because it
occupied and existed beyond the pyloric ring; however,
there were no obvious signs suggesting submucosal
tumor invasion. Although the tumor extended to the
duodenum, the major part of the tumor was from
the stomach. Finally, the diagnosis was early gastric
cancer, and ESD was recommended.
The tumor was resected in a single fashion by
the ESD technique, using a GIF-Q260J instrument
(Olympus, Tokyo, Japan) with a transparent hood
(MAJ-1989-11302; Olympus) attached to the tip of the
gastroscope, a dual knife (Olympus), and an insulated
tipped knife 2 (Olympus). An electrosurgical current
generator (VIO200; ERBE, Tubingen, Germany)
was used for the ESD. The tumor was resected with
no complications, such as perforation or delayed
bleeding. As a result, the patient was discharged on
postoperative day 5.
Figure 2 shows a macroscopic view of the resected
specimen. The resected mucosa and the tumor
measured 54 mm × 40 mm and 38 mm × 32 mm,
respectively. The histopathology results showed the
resected specimen had sufficient free margins in
both vertical and horizontal directions, but the tumor
consisted of two components: The first part with
irregular atypical epithelium, which formed a tubular
and papillary structure confined to the mucosal layer,
was a well differentiated adenocarcinoma, and the
second part was located near the edge of duodenum
side of the specimen and showed a mass composed
of nests of small uniform tumor cells, which is typical
of NET (Figure 3A-C). These cells were positive for
CD56 (Figure 3D), synaptophysin (Figure 3E), and
chromogranin A (Figure 3F), and the Ki-67 labeling
index was less than 1%. According to the WHO 2010
classification, obvious nuclear fission images were not
[3]
admitted and finally the NET was diagnosed as G1 .
The NET cells were detected from the mucosal layer
over the submucosa, but no infiltration of the muscle
layer was recognized.
The adenocarcinoma cells and the NET cells were in
contact. Although migration images were not detected,
both component cells had mixed in some parts and
formed a tumor duct. Immunohistochemical staining

Core tip: Although there are some reports of endoscopic
resection performed to duodenal neuroendocrine
tumor (NET), no reports have been published on
the treatment of duodenal NET composed of early
gastric cancer treated by endoscopic submucosal
dissection (ESD). A 78-year-old woman underwent
esophagogastroduodenoscopy and revealed a pro
truded tumor through the pyloric ring from the pyloric
antrum. ESD was performed and finally the tumor was
diagnosed as gastric cancer composed of duodenal NET
G1, with a lymphatic invasion of NET component. We
report the first case of early gastric cancer accompanied
by duodenal NET, which was resected by ESD.
Kaneko H, Miyake A, Ishii Y, Sue S, Miwa H, Sasaki T, Tamura
T, Kondo M, Maeda S. Case of a tumor comprising gastric cancer
and duodenal neuroendocrine tumor. World J Gastroenterol 2016;
22(36): 8242-8246 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i36/8242.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i36.8242

INTRODUCTION
Endoscopic submucosal dissection (ESD) is widely
performed for gastric cancer, and is also used for other
cancers, such as esophagus, colon, rectum. The use
of ESD for treatment for superficial non-ampullary
[1]
duodenal epithelial tumors is also increasing .
Duodenal neuroendocrine tumor (NET) is a rarely
encountered tumor, with fewer cases reported than
those for gastric and rectal carcinoid tumors, and
[2]
its natural history has not yet been well defined .
Although there are some reports of endoscopic
resection, no reports have been published on the
treatment of duodenal NET composed of early gastric
cancer treated by ESD. We here report the first case
of early gastric cancer accompanied by duodenal NET
resected by ESD.

CASE REPORT
A 78-year-old woman presented to a local institution
with nausea and right hypochondrial pain. Careful
examination led to the diagnosis of gallstones and
common bile duct stones. Esophagogastroduodenoscopy
(EGD) screening of the upper gastrointestinal tract was
performed before surgery to remove the gallstones and
a protruded tumor through the pyloric ring from the
pyloric antrum was found. Although biopsy specimen
from the lesion was diagnosed as an adenoma, the
tumor was too large to treat at the facility. The patient
was referred to our hospital for further management of
the gastric tumor. She had no specific medical history
except hypertension and dyslipidemia.
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A

B

C

Figure 1 Esophagogastroduodenoscopic views of the tumor in the stomach. A: The protruded tumor occupied and existed beyond the pyloric ring, the whole
tumor could not fit in one field of view; B: Image observed by inverting the endoscope in the duodenal bulb; C: Magnifying endoscopy with narrow-band imaging
showed sturucture irregularities compared with the normal surrounding mucosa.

also showed NET cells coexisting with adenocarcinoma
cells (Figure 3E and F). No venous invasion was
revealed by Elastica van Gieson staining, however,
lymphatic invasion of NET component was seen with
D2-40 staining (Figure 3G).
The patient was sufficiently explained about the
results of the histopathological examination and the
risk of lymph node metastasis; she refused additional
operation and opted for careful observation. Therefore,
close follow-up has been scheduled.

A

DISCUSSION

B

Since Oberndorfer proposed the term “carcinoid” in
1907, the origins of NET of the gastrointestinal tract,
as well as the malignancy of these tumors, have
[3]
been attracting the attention of clinicians . NETs
are quite rare and almost 55% of NETs occur in the
[2]
gastrointestinal tract . In Japan, NET occurs more
frequently in the rectum and the stomach followed by
the duodenum, and primary NET of the duodenum
[2,4]
may occur in less than 5% of all cases .
Although there were some reports about gastric
collision tumor composed of epithelial and nonepithelial
[5]
malignant neoplasm, Morishita et al reported that
a simultaneous incidence of adenocarcinoma and
malignant lymphoma was the most frequent finding
and cases of gastric collision tumor composed of
adenocarcinoma and NET were rare.
[6]
Previously, Kato et al reported a case of duodenal

Figure 2 A macroscopic view of the specimen resected by endoscopic
submucosal dissection. A: Macroscopic appearance of the specimen soaked for
almost 24 h in formalin after endoscopic submucosal dissection. The red dotted
line indicates where there was a pyloric ring; B: Cut out of the resected specimen.
The solid red line indicates adenocarcinoma; green line indicates neuroendocrine
tumor; red dotted line indicates the location of the pylorus.
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A

B

C

D

E

F

G

Figure 3 Histopathological results of the resected specimen. A: Low power view of a histological section demonstrates that the neuroendocrine tumor (NET) in
the submucosa was covered with adenocarcinoma (HE stain × 40); B: Both component cells had mixed in some parts and formed a tumor alveolar (H&E stain × 400); C:
High power view of NET in submucosa (HE stain × 400); D: CD56; E: syNaptophisin; F: Chromogranin A staining were positive in the NET cells; G: Lymphatic invasion
of the NET component seen with D2-40 staining (× 400).

adenocarcinoma with neuroendocrine features in a
67-year-old woman with acromegaly and thyroid
[7]
papillary adenocarcinoma. Wen et al reported a case
of duodenal bulb adenocarcinoma with neuroendocrine
features in a 63-year-old woman, which was treated
by endoscopic mucosal resection. They stated that
duodenal adenocarcinoma with neuroendocrine
[7]
features is extremely rare , and as per our review of
the published literature, our report is likely the first
instance of the gastric adenocarcinoma with duodenal
NET resected by endoscopic treatment.
In this report, after ESD, we detected a tiny mass
composed of nests of small uniform tumor cells that
were typical of NET. The possible reasons the diagnosis
of NET was overlooked before ESD are as follows:
first, the whole tumor was located over the pylorus
and its relatively large size made it difficult to observe
the whole tumor precisely; and second, the NET
component surface was covered with adenocarcinoma,
which was also a protruded lesion.
Collision tumors are thought to arise from mor
phologically different neighboring neoplasms that
[8]
do not intermingle , but usually, it is not easy to

WJG|www.wjgnet.com

morphologically distinguish a collision-type from a
[9]
composite-type tumor . It was difficult to determine
whether the tumor was collision or composite-type in
our patient as well: the immunohistochemical staining
showed that the two lesions coexisted, suggesting a
composite-type tumor, but the NET clinically presented
in the duodenal part.
It was also difficult to distinguish histologically
whether the adenocarcinoma derived from the
stomach or duodenum as the ESD specimen did not
include the muscle layer and it was impossible to
detect the pyloric sphincter as a surgical specimen.
Most of the tumor was present in the stomach and
remainder gastric mucosa was atrophic, allowing the
adenocarcinoma derived from the gastric epithelium
to be diagnosed as not from duodenum. The NET
was present in the end of the duodenal side of the
specimen, and it was evident that the NET existed
intraduodenally from the comparison marking dots
of endoscopic findings and the analyte. We therefore
judged clinically that the NET was from the duodenal
epithelium (Figure 2).
Surgical treatment may have been one treatment
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Term explanation

options, but as the tumor was diagnosed as early
gastric cancer which had adaptation for ESD, surgery
could be excessively invasive to the patient.
By the popularization of ESD, there have been
some reports on cancer accompanied by submucosal
[5,8,9]
tumor or NET
. However, the coexistence of
gastric NET and adenocarcinoma are rare, because
gastric neuroendocrine tumors represent less than
[8,10]
1% of all gastric neoplasms
. There have been no
previous reports on endoscopic resection of gastric
adenocarcinoma with duodenal NET; hence, we
considered this case to be extremely rare.
We report the first case of early gastric cancer
accompanied by duodenal NET, which was resected by
ESD.

NET is derived from enterochromaffin cells throughout the gastrointestinal (GI),
pancreas and bronchopulmonary systems. The most common sites for primary
GI carcinoid tumors in Japan are the rectum, stomach, and duodenum.

Experiences and lessons

Although we experienced an extremely rare case coincidentally, especially in
the case of protruded tumor, the possibilities of collision tumor should be bear
in mind.

Peer-review

In this paper the authors describe a duodenal neuroendocrine tumor resected
by endoscopic submucosal dissection. This is a rare condition and manuscript
is well written.
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Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane
Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney
Reme Mountifield, Bedford Park
Hans J Netter, Melbourne
Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide
Ross Cyril Smith, StLeonards
Kevin J Spring, Sydney
Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
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Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong

II

Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yan-Chang Lei, Hangzhou
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki

January 1, 2016

Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
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EDITORIAL

Impact of homeobox genes in gastrointestinal cancer
Moon Kyung Joo, Jong-Jae Park, Hoon Jai Chun

Abstract

Moon Kyung Joo, Jong-Jae Park, Division of Gastroenterology,
Department of Internal Medicine, Korea University College of
Medicine Guro Hospital, Seoul 08308, South Korea

Homeobox genes, including HOX and non-HOX genes,
have been identified to be expressed aberrantly in solid
tumors. In gastrointestinal (GI) cancers, most studies
have focused on the function of non-HOX genes including
caudal-related homeobox transcription factor 1 (CDX1)
and CDX2. CDX2 is a crucial factor in the development
of pre-cancerous lesions such as Barrett’s esophagus
or intestinal metaplasia in the stomach, and its tumor
suppressive role has been investigated in colorectal
cancers. Recently, several HOX genes were reported to
have specific roles in GI cancers; for example, HOXA13
in esophageal squamous cell cancer and HOXB7 in
stomach and colorectal cancers. HOXD10 is upregulated
in colorectal cancer while it is silenced epigenetically
in gastric cancer. Thus, it is essential to examine the
differential expression pattern of various homeobox
genes in specific tumor types or cell lineages, and
understand their underlying mechanisms. In this review,
we summarize the available research on homeobox
genes and present their potential value for the prediction
of prognosis in GI cancers.

Hoon Jai Chun, Division of Gastroenterology and Hepatology,
Department of Internal Medicine, Institute of Digestive Disease
and Nutrition, Korea University College of Medicine, Seoul
02841, South Korea
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non-cancerous tissues by an epigenetic silencing
mechanism, whereas it is upregulated in acute lym
[6,7]
phocystic leukemia . HOXB13 is another example
that is upregulated in breast cancer but downregulated
in prostate cancer compared to surrounding normal
[8,9]
tissues . Several long and short non-coding RNAs
are also involved in the regulation of transcription or
expression of homeobox genes. For example, HOX
transcript antisense intergenic RNA (HOTAIR), a long
non-coding RNA, is located in the HOXC locus near
the 5′ end, and recruits polycomb repressive complex
[10]
2 to lead epigenetic silencing of the HOXD locus .
MicroRNAs (miRnas), including miR-10a, miR-10b,
miR-196a, and miR-196b, are also located within
the HOX clusters and target multiple HOX genes to
[4]
regulate their expression post-transcriptionally .
Therefore, it is important to understand the aberrant
expression pattern of homeobox genes in specific
cancer types or cell lineages, and their underlying
mechanisms for carcinogenesis and invasion of certain
types of cancer.
In this editorial, we summarize the outcomes of
previous studies of homeobox genes that showed valid
influences on solid tumors in the gastrointestinal (GI)
tract, including esophageal, gastric, and colorectal
cancers (CRCs). This article provides information
on the underlying molecular mechanisms, aberrant
expression in GI cancer tissues, and the potential
value of various homeobox genes for early recognition
or prediction of prognosis in GI cancers.

Joo MK, Park JJ, Chun HJ. Impact of homeobox genes in
gastrointestinal cancer. World J Gastroenterol 2016; 22(37):
8247-8256 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i37/8247.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i37.8247

INTRODUCTION
The homeobox genes were first discovered in Drosophila
melanogaster where their mutation led to malformations
[1]
of body parts . As the name implies, homeobox genes
play crucial roles in the development of the embryo
along the anterior-posterior axis. The human genome
contains about 235 functional homeobox genes, most
of which are dispersed throughout the genome and
contain a highly conserved 180 nucleotide sequence
(homeobox) encoding 60 amino acids along the DNA[2]
binding protein domain (homeodomain) . A typical
characteristic of the homeodomain is its DNA-binding
nature; it functions as a transcription factor by binding
to the promoter of various target genes. Several
cofactors, such as pre-B-cell leukemia transcription
factor 2 (PBX2) or myeloid ecotropic viral integration
site (MEIS), interact with homeobox genes to form a
protein complex and facilitate the specificity and stability
[3]
of homeobox genes by binding to promoter DNA .
Homeobox genes are generally classified as
class Ⅰ (HOX) and class Ⅱ (non-HOX). In humans, 39
HOX genes have been identified. They cluster into
4 groups named A, B, C, and D, located in 7p15.3,
[4]
17q21.3, 12q13.1, and 2q31, respectively . Each HOX
gene in a cluster is arranged from the 3’ to 5′ end and
named from 1 to 13. HOX genes located at the 3′ end
are expressed early in development and in anterior
tissues, while HOX genes at the 5′ end are expressed
[5]
later and in posterior tissues .
Numerous studies have revealed that various
homeobox genes have either tumor-suppressive or
tumor-promoting effects according to their aberrant
expression patterns in certain organs. In terms of
their oncogenetic properties, homeobox genes are
normally expressed during the embryonic period and
are reactivated in tumors, while being downregulated
in normal differentiated adult tissues. In contrast,
certain homeobox genes are expressed in normal
differentiated adult tissues, but are downregulated
[1]
in tumors . This aberrant reduced or enhanced
expression of homeobox genes is regulated by several
mechanisms, such as loss of heterozygosity, gene
amplification, CpG island promoter hypermethylation,
or histone deacetylation, and consequently contributes
to the development and progression of cancer.
Interestingly, a homeobox gene may have both
tumor-promoting and tumor-suppressing properties
depending on the specific organs or cell lineages where
it is expressed. For example, HOXA9 is downregulated
in lung cancer tissues compared to that in surrounding
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ESOPHAGEAL CANCER
Most studies of homeobox genes in Barrett’s eso
phagus (BE) and esophageal adenocarcinoma (EAC)
have focused on non-HOX genes, especially caudalrelated homeobox transcription factor 2 (CDX2).
Generally, acid and bile reflux at the esophagogastric
junction promotes dedifferentiation of the basal layer
of the esophageal squamous epithelium. This is where
secretion of CDX2 is increased, and morphogenic
and metaplastic changes occur, eventually leading
to the development of intestinal-type squamous to
[11]
columnar metaplasia . Indeed, CDX2 plays a crucial
role in the development of BE, a major precursor of
EAC. In addition, several previous studies showed
that mRNA and protein expression of CDX2 was
increased significantly in BE and EAC compared to
normal esophageal tissues, although no significant
[12,13]
difference could be found between BE and EAC
.
The expression of CDX2 protein was well-conserved in
an EAC cell line, but was not detected in esophageal
squamous cell carcinoma (ESCC) cells. Furthermore,
demethylation or exposure of esophageal squamous
epithelial cells to acid or bile induced CDX2 as well as
other intestinal markers. These findings suggested
that CDX2 is a key modulator of intestinal metaplasia
of esophageal squamous cells in response to acid or
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Table 1 Aberrant expression of HOX and non-HOX genes in esophageal cancer
Homeobox gene
BE/EAC
CDX2
HOXB5, B6, B7
ESCC
CDX2
MEIS
HOXA7, A9, C6
HOXA5, A10, B13, C6,
C10, C13, D3
HOXA13
HOXB7

Change

Underlying mechanism

Ref.

↑ in BE/EAC
No difference between BE and EAC
↑ in BE/dysplasia/EAC

Concomitant decrease of PITX1
Association with β-catenin
Induction of intestinal markers such as KRT20, Muc2
and villin

[12,13]

↓ in a ESCC cell line and tissues
↓ in ESCC, inversely related with nodal status and
high tumor stage
↑ in ESCC
↑ in BE/EAC, highest in T2 stage

Promoter hypermethylation
Concomitant increase of SOX2

[18]
[24]

Not presented
Not presented

[16]
[17]

↑ in ESCC, associated with OS and DFS
↑ in ESCC, associated with T/N stage and DFS

Targeting annexinA2, MnSOD, ERAB
Not presented

[19-21]
[23]

[15]

BE: Barrett’s esophagus; EAC: Esophageal adenocarcinoma; ESCC: Esophageal squamous cell carcinoma; MnSOD: Manganese superoxide dismutase; OS:
Overall survival; DFS: Disease free survival.
[14]

bile reflux . In terms of HOX genes, a previous welldesigned study showed that mid-cluster HOXB genes
(HOXB5, B6, and B7) were upregulated in BE tissue as
well as in dysplasia and EAC. However, no significant
difference was observed between BE with dysplasia
and EAC. Furthermore, these mid-cluster HOXB
genes induced several intestinal markers including
KRT20, Muc2, and villin in esophageal cells in a CDX2[15]
independent manner .
A previous study using the reverse transcriptasepolymerase chain reaction (RT-PCR) showed that
HOXA7, A9, and C6 mRNAs were overexpressed
significantly in ESCC tissues compared to non-can
[16]
cerous surrounding tissues . A microarray study
showed that the mRNA expression of several HOX
genes, including HOXA5, A10, B13, C6, C10, C13,
and D3, was upregulated significantly in ESCC tissues
compared to normal esophageal mucosa, and these
genes were differentially expressed according to the T
[17]
stage; expression was the highest in T2 . This study
also showed that several non-HOX genes, including
CDX1 and CDX2, were expressed at higher levels in
ESCC than normal esophageal mucosa. However,
another crucial study demonstrated that most of the
expression of CDX2 in ESCC cell lines and tissues was
governed by an epigenetic silencing mechanism that
was not found in EAC, CRC, or normal esophageal
[18]
tissues . This suggested that aberrant inactivation of
CDX2 is an important step toward the development of
ESCC.
Among the HOX genes, HOXA13 has been most
actively investigated in ESCC. A previous pivotal study
very nicely showed the tumorigenic effect of HOXA13
in vivo, and that there was a significant association
between HOXA13 and both median and disease-free
[19]
survival . Chen and his colleagues, using knockdown
of HOXA13 in ESCC cell lines and 2-dimmensional
electrophoresis, suggested that annexinA2, manganese
superoxide dismutase (MnSOD) and endoplasmic
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reticulum-associated amyloid β-binding protein (ERAB)
[20]
were crucial target genes of HOXA13 . These resear
chers also used ESCC tissues to show that co-expression
of HOXA13 with annexinA2 and SOD was significantly
[21]
associated with poor prognosis . Other HOX genes,
such as HOXA9 and B7, were also upregulated in
ESCC at advanced T or N stages, and in patients
[22,23]
with poor prognosis
. Meanwhile, a recent study
demonstrated that MEIS1, a non-HOX homeobox gene,
was downregulated in ESCC patients and was associated
inversely with advanced TNM stage. The mechanism
was thought to be mediated by upregulation of SRY (sex
[24]
determining region Y)-box 2 (SOX2) in ESCC cells
(Table 1).

STOMACH CANCER
The most extensively researched homeobox genes
in stomach cancer are CDX2 and CDX1. These genes
are closely involved in the development of intestinal
metaplasia of the gastric mucosa. A previous pivotal
study demonstrated the causal role of CDX2 in the
development of intestinal metaplasia in the stomach by
[25]
using a Cdx2-expressing transgenic mouse model .
The Cdx1 transgenic mouse also exhibited significant
intestinal metaplasia, although the characteristics were
somewhat different from the Cdx2 transgenic mouse;
the former replaced the gastric mucosa with intestinal
metaplasia involving all four intestinal epithelial cell
types (absorptive enterocytes, goblet, enteroendocrine,
and Paneth cells), whereas only pseudopyloric gland
metaplasia was observed in the Cdx2 transgenic
[26]
mouse . This phenomenon suggested that a different
mechanism and roles between CDX1 and CDX2 may
exist in the differentiation of intestinal metaplasia.
In human stomach, ectopic expression of CDX1 and
CDX2 was observed frequently in intestinal metaplasia
tissues. However, only CDX2 was an independent
[27]
factor of intestinal type gastric adenocarcinoma .
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Another study showed that the expression of
CDX2 in gastric cancer was governed mainly by
promoter hypermethylation. This suggested that
aberrant downregulation of CDX2 might promote
[28]
[29]
gastric carcinogenesis . Liu et al
suggested that
CDX2 was associated mainly with the formation of
intestinal metaplasia of gastric mucosa, and was less
involved in dysplasia and cancer, by demonstrating
that the expression of CDX2 protein was highest
in complete type intestinal metaplasia, followed by
incomplete intestinal metaplasia, dysplasia, and the
lowest in gastric cancer tissues. The exact molecular
characteristics of CDX2 in the development of intes
tinal metaplasia and gastric cancer should be further
evaluated. Indeed, the unique characteristics of
CDX2 are associated with both oncogenic and tumorsuppressive functions, and these ambivalent roles of
CDX2 might be tissue- or site-specific. At present,
CDX2 appears to be involved in the initiation of the
process leading to intestinal type gastric neoplasia such
[30]
as induction of intestinal metaplasia .
Several other non-HOX homeobox genes, including
intestine-specific homeobox (ISX), prospero homeobox
1 (PROX1), paired-related homeobox 1 (PRRX1),
iroquois-class homeodomain (IRX1), and pancreaticduodenal homeobox 1 (PDX1), have been investigated
for their relationship with intestinal metaplasia and
gastric cancer. Among these genes, ISX, PROX1,
and PRRX1 were associated with the promotion of
[31-33]
gastric cancer, suggesting their oncogenetic roles
.
Specifically, ISX was upregulated in intestinal meta
plasia and its levels correlated significantly with
CDX2 expression in mice with chronic Helicobacter
felis infections. However, ISX also enhanced cyclin
D1 (a G1 → S cell cycle modulator) and CD44 (a
stem cell marker of gastric cancer) expression, and
its protein expression was increased significantly in
[31]
undifferentiated-type gastric cancer, unlike CDX2 .
PROX1 promoted cellular proliferation, angiogenesis,
and epithelial-mesenchymal transition (EMT) in vitro.
Furthermore, its tissue expression was significantly
associated with advanced stage, undifferentiated type,
[32]
lymph node metastasis, and poor prognosis . PRRX1
also showed EMT-promoting functions via inducing the
Wnt/β-catenin pathway, and was significantly associated
[33]
with advanced-stage and distant metastasis . In
contrast, several in vitro studies showed that the
expression of IRX1 and PDX1 mRNA was downregulated
in gastric cancer cells by an epigenetic silencing
mechanism via promoter hypermethylation, sugges
[34-36]
ting their tumor-suppressive functions
. Another
study demonstrated that PDX1 expression was
associated with the pseudopyloric gland of intestinal
metaplasia tissues, and was decreased in patients
with advanced stage and lymph node metastasis,
[37]
compared to early stage gastric cancer . However,
a few studies demonstrated a significant relationship
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between various non-HOX homeobox genes and
clinicopathological parameters such as TNM stage,
differentiation, overall and disease-free survival rate of
gastric cancer patients. The nature of this relationship
requires further study.
Recently, investigations into the role of HOX genes
in gastric carcinogenesis and progression have been
performed. One notable study used microarray ana
lysis to reveal the global expression patterns of 39
human HOX genes among 12 pairs of gastric cancer
and non-cancerous tissues. The authors showed that
the expression of HOXA1, A4, A10, A13, B7, and
C10 was increased significantly in cancer tissues.
Among these genes, upregulation of HOXA13 was
associated significantly with T stage, M stage,
advanced UICC stage, histologic differentiation and
relapse. Furthermore, patient with positive HOXA13
expression had a lower overall survival and diseasefree survival compared with patients with negative
HOXA13 expression. The contribution of HOXA13
towards tumorigenesis and aggressive biologic be
havior in gastric cancer might be associated with
downregulation of tumor growth factor-β (TGF-β) and
its downstream target of Runt-related transcription
[38]
factor 3 by antagonizing Smad3 . Concurrent
researches on individual HOX genes in gastric cancer
have been conducted. An in vitro study showed that
HOXB5 promoted migration and invasion of gastric
cancer cells by binding directly to the CTNNB1
promoter and thus activating the Wnt/β-catenin
[39]
signaling pathway . Another pivotal study showed
that HOXD10 mRNA expression was downregulated
significantly in stomach cancer tissues compared
to normal surrounding tissues. This downregulation
was caused by promoter hypermethylation, and the
aberrant reduction of HOXD10 expression led to
proliferation, migration, invasion, and tumorigenesis
[40]
in gastric cancer cells . We reported recently
that HOXB7, one of the most widely investigated
oncogenic HOX genes, was highly expressed in pri
mary or metastatic gastric cancer tissues compared
to chronic gastritis or intestinal metaplasia tissues.
This suggested that HOXB7 might be involved in the
progression rather than initiation process of gastric
[41]
cancer . This phenomenon has been validated by in
vitro studies showing that overexpression of HOXB7
in gastric cancer cells promoted cellular invasion and
migration, and inhibited apoptosis, whereas silencing
[41,42]
HOXB7 showed the opposite effects
.
The main target of HOXB7, and the mechanism
involved in the upregulation of HOXB7 in cancer, are still
under controversy. We suggested that HOXB7 regulates
Akt/PTEN signaling to induce migration and invasion
of gastric cancer cells, by using transient transfection
of a HOXB7-expressing plasmid and HOXB7 siRNA. A
recent well-designed study demonstrated that HOXB7
promoted the EMT and invasiveness of breast cancer
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Table 2 Aberrant expression of HOX and non-HOX genes in gastric cancer
Homeobox gene
CDX2

ISX
PROX1

PRRX1

IRX1
PDX1

HOXA13

HOXB5
HOXB7

HOXD10

Change

Underlying mechanism

Ref.

↑ in complete IM > incomplete IM > dysplasia > GC
Associated with differentiated type GC

Promoter hypermethylation in GC
Decreased intake of green tea or cruciferous
vegetables
Increase of cyclin D1 and CD44

[27-29]

Inhibition of apoptosis, promoting lymphangiogenesis
and angiogenesis

[32]

Induction of Wnt/β-catenin

[33]

Promoter hypermethylation
Promoter hypermethylation, histone hypoacetylation

[35]
[34,36,37]

Not presented

[38]

Upregulation of β-catenin
Modulation of PI3K/Akt/PTEN axis

[39]
[41,42]

Promoter hypermethylation
Induction of IGFBP3

[40]

↑ in IM and GC
Upregulated in undifferentiated type GC
↑ in GC
Associated with undifferentiated type, advanced
stage and poor OS
↑ in GC
Associated with advanced stage and distant
metastasis
↓ in GC
↓ in GC
↑ in pseudopyloric gland IM
Inversely related with advanced T/ N stage and
undifferentiated type GC
↑ in GC
Associated with advanced TNM stage,
undifferentiated type and poor response to
chemotherapy
↑ in GC
↑ in primary or metastatic cancer than chronic
gastritis or IM
Associated with advanced TNM stage and
undifferentiated type GC
↓ in GC

[31]

Note: PROX1, PRRX1, HOXA13 and HOXB7 are associated with advanced TNM stage, while PDX1 is inversely associated; ISX, PROX1, HOXA13 and
HOXB7 are associated with undifferentiated type GC. IM: Intestinal metaplasia; GC: Gastric cancer; OS: Overall survival; PI3K: Phosphatidylinositol-3
kinase; IGFBP3: Insulin like growth factor binding protein 3.
[43]

activity. Inflammatory cytokines, such as tumor
necrosis factor-α, mediated this process (loss of CDX2
and induction of Wnt/β-catenin signaling) in CaCo2
[51]
colon cancer cells . Furthermore, significant tumor
+/formation was observed when heterozygous Cdx2 ,
but not wild-type mice, were treated with the DNA
mutagen azosymethane. This indicated that CDX2
[52]
had a tumor-suppressive function in CRC . At the
tissue level, reduced expression of CDX2 in colorectal
adenoma or cancer was associated significantly with
right side tumors, poorly differentiated or high-grade
carcinomas, advanced stage, poor prognosis, CpG
island methylator phenotype, and mismatch repair[53-55]
deficient tumors
.
Previous pivotal studies showed that CDX1 inhibited
the proliferation of colon cancer cells by regulating the
[56,57]
cyclin D1 or β-catenin/T-cell factor (TCF) pathways
,
and that tissue expression of CDX1 was increased
significantly in adenomatous polyps but abolished
in adenocarcinomas. Furthermore, a novel in vitro
study showed that CDX1 was governed by miR-215 to
promote differentiation and inhibit stemness in colon
[58]
cancer cells . These data suggested that CDX1 might
play a crucial role in the transformation of benign
adenomas to malignant tumors.
Other types of non-HOX homeobox genes have been
investigated for their roles in CRC. The expression of the

cells by regulating the TGF β2-SMAD3 axis . Several
receptor tyrosine kinase signaling pathways, including
beta fibroblast growth factor and epidermal growth
factor receptor, were also reported to be activated by
[44-46]
HOXB7 in breast cancer cells
. Thus, HOXB7 might
be simultaneously involved in various key molecular
signaling pathways involving cancer progression, which
supports the potential value of HOXB7 as a promising
therapeutic target. Several miRnas, including miR196a and miR-196b, were suggested as key regulators
[47,48]
of HOXB7 expression in other types of cancer
.
Further investigations to reveal the mechanisms
underlying the induction of HOXB7 and its targets in
gastric cancer are needed (Table 2).

CRC
Similar to esophageal and gastric cancer, HOX and
non-HOX homeobox genes have been investigated for
their unique roles in the development and progression
of CRC. Among these genes, CDX2 in colon cancer
cells has been researched extensively and reported
to regulate the expression of cell junctional proteins.
These proteins include liver-intestine cadherin (LI[49]
[50]
cadherin)
or protocadherin Mucdhl . Loss of CDX2
in colon cancer cells downregulated Mucdhl, thereby
eliminating the latter’s inhibition of Wnt/β-catenin
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Table 3 Aberrant expression of HOX and non-HOX genes in colorectal cancer
Homeobox gene

Change

Underlying mechanism

Ref.

CDX1

↑ in adenomatous polyp, ↓ in CRC

[55,56,58]

CDX2

↓ in adenoma and CRC
Inversely associated with right side tumor, poorly
differentiated type, advanced stage, poor prognosis,
CIMP, MMR-deficient tumor
↓ in dysplasia and CRC
↑ in CRC
Associated with advanced stage and lymph node
metastasis
↑ in CRC
Proximal colon tumor > distal colon tumor
Distal colon tumor > proximal colon tumor
↑ in CRC
Associated with advanced stage, T stage, distant
metastasis and poor OS

Regulation of cyclin D1 and β-catenin/TCF pathway
Regulated by miR-215
Loss of Mucdhl
Induction of Wnt/β-catenin axis

Promoter hypermethylation
Induction of β-catenin/TCF axis
Inhibition of E-cadherin activity

[59]
[60,61]

Stem cell overpopulation and crypt renewal
Not presented
Not presented
Activation of PI3K/Akt and MAPK pathways

[63]
[64]
[64]
[67]

ALX4
PROX1

HOXA4, D10
HOXA5, A9, A10, C6
HOXB13
HOXB7

[50-55]

CRC: Colorectal cancer; TCF: β-catenin/T-cell factor; CIMP: CpG island methylation phenotype; OS: Overall survival; PI3K: Phosphatidylinositol-3 kinase;
MAPK: Mitogen-activated protein kinase.

airstaless-like homeobox-4 gene (ALX4) was aberrantly
reduced in colorectal dysplasia or adenocarcinoma
compared with normal colonic mucosa, through DNA
[59]
methylation . In addition, PROX1 promoted neoplastic
transformation, tumorigenesis, and the EMT via
induction of the β-catenin/TCF pathway and inhibition of
[60,61]
E-cadherin activity
.
Relatively few data concerning HOX genes have
been presented in terms of CRC compared to other
GI cancers. A previous quantitative RT-PCR study
showed that the expression of several HOX genes,
including HOXA9, B3, B8, and B9, was increased
significantly in left side colon cancer tissues compared
to surrounding normal tissues. In contrast, the
expression of HOXB2, B13, D1, D3, D4, D8, and
[62]
D12 was significantly decreased . A recent gene
microarray and immunohistochemical study showed
that the expression of HOXA4 and HOXD10 was
significantly increased in CRC tissues compared to
that in normal tissues. Furthermore, the expression of
these genes was clustered in the crypt bottom rather
than the top or middle of the crypt where the stem cell
[63]
niche was overpopulated . Remarkably, HOX genes
showed a tendency to be differentially expressed in
colon tumors according to their location. Specifically,
several HOX genes, including HOXA5, A9, A10, and
C6, were expressed at higher levels in the proximal
colon, and gradually decreased in the distal colon and
rectum. HOXB13 was an exception that showed the
[64]
opposite pattern . Previous studies showed that
expression pattern of HOXB13 was site-specific, which
was mainly confined to prostate, rectum and distal
[65]
colon , and HOXB13 inhibited the β-catenin/TCF
signaling pathway as post-translational manner, which
[66]
was downregulated in colorectal tumors .
A previous pivotal study demonstrated the pro
gnostic value of HOXB7 in CRC. Patients in the high
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HOXB7 CRC group had a poorer prognosis than those
in the low HOXB7 group. In addition, the tumorigenic
and anti-apoptotic effects of HOXB7 in colon cancer
cells were mediated by the phosphatidylinositol-3kinase/Akt and mitogen-activated protein kinase
[67]
pathways (Table 3).

CONCLUSION
Several homeobox genes are expressed aberrantly
in various types of cancers, and the GI tract is no
exception. Previous studies focused mainly on the
roles of non-HOX genes, such as CDX1 and CDX2, in
GI cancers. Recently, several HOX genes have been
investigated and shown to have specific roles in the
development and invasion of GI cancers (Figure 1).
However, intensive understanding of the underlying
mechanisms including their transcriptional target
genes, and co-factors or downstream effectors of
homeobox genes in GI cancers are still lacking.
Moreover, current knowledge of the homeobox genes
in GI cancer could not reach the clinical efficacy of
therapeutic targets or biomarkers, which need to be
fulfilled in the future research.
Recent studies demonstrated the significant con
tribution of several HOX genes to chemoresistance. For
example, downregulation of HOXA1 under regulation
of HOTAIR or miR-100 enhance chemoresistance in
[68,69]
pancreas cancer and small cell lung cancer
. An
improved understanding of the mechanism of this
effect may reveal a means to create tailored, precision
medicine of GI cancers. Meanwhile, the regulation of
homeobox genes by several non-coding RNAs, including
miRNAs, may provide a means to restore the aberrant
expression of homeobox genes in GI cancers. Finally,
the differential expression pattern of homeobox genes
in various cancers may provide valuable information for
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BE/EAC

HOXB5/6/7
Intestinal markers
(KRT20, Muc2, villin)

Oncogenic

ESCC

β-catenin
Promoter
hypermethylation

Tumor suppressive

CDX2
CDX1

Oncogenic
Targetting
annexinA2, MnSOD, ERAB

Concomitant
increase
of SOX2

Colorectal cancer

Regulation of
Wnt/β-catenin/TCF

Oncogenic
MEIS

HOXA13

β-catenin
/TCF
PI3K/Akt
MAPK

PROX1

PRRX1

Stem cell overpopulation
/crypt renewal

HOXB7

HOXB5

Tumor suppressive

Promoter
hypermethylation

IRX1
Antiapoptosis

PDX1

PI3K/Akt

ALX4
HOXD10

Wnt/β-catenin

Promoter
hypermethylation

HOXA4

Oncogenic
Tumor suppressive
Cyclin D1/CD44

ISX

Gastric cancer

Figure 1 Schematic diagram of homeobox genes which have diverse effects on gastrointestinal cancers. Solid arrow indicates upregulated homeogox genes
and dashed arrow indicates downregulated ones. Note that CDX2 shows tumor suppressive function in colorectal and esophageal squamous cell cancer whereas
oncogenic effect on the formation of Barrett’s esophagus and esophageal adenocarcinoma. HOXD10 also shows dual function, which has tumor suppressive effect
on gastric cancer whereas oncogenic effect on colorectal cancer. BE: Barrett’s esophagus; EAC: Esophageal adenocarcinoma; ESCC: Esophageal squamous cell
carcinoma.

the diagnosis of challenging cases of GI tumors.
6
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REVIEW

Review of endoscopic radiofrequency in biliopancreatic
tumours with emphasis on clinical benefits, controversies
and safety
María-Victoria Alvarez-Sánchez, Bertrand Napoléon

Abstract

María-Victoria Alvarez-Sánchez, Department of Gastroenterology,
Complejo Hospitalario Universitario de Pontevedra, Instituto de
Investigación Sanitaria Galicia Sur, 36003 Pontevedra, Spain

Most pancreatic cancers and extrahepatic cholangio
carcinomas are unresectable at the time of diagnosis,
and even in case of a resectable cancer, for elderly
or patients with coexistent comorbidities, surgery is
not an option. Current treatment alternatives in these
scenarios are very limited. Biliary stenting with selfexpanding metal stents (SEMS) is the mainstay palliative
treatment of biliary obstruction due to unresectable
pancreatic cancer or cholangiocarcinoma. Nevertheless,
more than 50% of SEMS become occluded after 6 mo
due to tumour over- and ingrowth, leading to hospital
readmissions and reinterventions that significantly
impair quality of life. Regimes of chemotherapy or
chemoradiotherapy also provide minimal survival be
nefits. Therefore, novel therapies are eagerly awaited.
Radiofrequency (RF) energy causes coagulative necrosis
leading to local destruction of the accessed malignant
tissue and has an established role in the treatment of
malignancies in several solid organs, especially liver
cancers. However, pancreatic and extrahepatic biliary
cancers are not easily accessed by a percutaneous
route, making the procedure dangerous. Over the
past five years, the development of dedicated devices
compatible with endoscopic instruments has offered
a minimally invasive option for RF energy delivery in
biliopancreatic cancers. Emerging experience with
endoscopic RF ablation (RFA) in this setting has been
reported in the literature, but little is known about its
feasibility, efficacy and safety. A literature review makes
it clear that RFA in biliopancreatic tumours is feasible
with high rates of technical success and acceptable
safety profile. Although available data suggest a benefit
of survival with RFA, there is not enough evidence
to draw a firm conclusion about its efficacy. For this
reason, prospective randomized trials comparing RFA
with standard palliative treatments with quality-of-life
and survival endpoints are required. Anecdotal reports
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adjacent duodenum and blood vessels. Intraoperative
RF ablation (RFA) provides better visualization and
the ability to manipulate nearby structures, but many
patients with biliopancreatic cancers are also unfit for
surgery. Percutaneous endobiliary RF of extrahepatic
CC has been shown to be successful, but percutaneous
transhepatic bile duct access is an invasive technique;
therefore, endoscopic bile duct access by endosco
pic retrograde cholangiopancreatography (ERCP) is
[11,12]
usually favoured over the percutaneous approach
.
The development of new over-the-wire and flexible
RF probes that can be placed down the working
channel of an endoscope or through an endoscopic
ultrasonography (EUS) needle has allowed for a
minimally invasive approach for delivering RF under
endoscopic guidance in pancreatic and extrahepatic
[13,14]
biliary cancers
. Nevertheless, data on safety and
efficacy are scarce. In the present study, we aim
to review general principles and technical aspects
and to evaluate clinical benefits and complications
of endoscopy-guided RF in biliary and pancreatic
indications based on recent literature.

have also highlighted a potential curative role of RFA
in small pancreatic tumours and benign conditions,
such as ductal extension of ampullomas, intrahepatic
adenomas or non-tumoural biliary strictures. These
newest indications also deserve further examination in
larger series of studies.
Key words: Radiofrequency ablation; Pancreatic tumour;
Endobiliary radiofrequency; Cholangiocarcinoma; Biliary
stricture
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Most pancreatic cancers and extrahepatic
cholangiocarcinomas are unresectable at the time
of diagnosis. Radiofrequency (RF) energy causes
coagulative necrosis leading to local destruction of the
accessed malignant tissue. Endoscopic RF has emerged
as a novel ablative therapy. In the present study, we
aim to review general principles and technical aspects
and to evaluate clinical benefits and complications
of endoscopy-guided RF in biliary and pancreatic
indications based on recent literature.

GENERAL RF PRINCIPLES, LIMITATIONS
AND COMPLICATIONS

Alvarez-Sánchez MV, Napoléon B. Review of endoscopic
radiofrequency in biliopancreatic tumours with emphasis on
clinical benefits, controversies and safety. World J Gastroenterol
2016; 22(37): 8257-8270 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i37/8257.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i37.8257

RFA creates an electrical circuit, either through the
body with monopolar probes, between an electrode
positioned in the tumour and a grounding pad placed
on the skin, or between two interstitial electrodes with
bipolar catheters, by using an alternating current with
a frequency in the range of radio waves (400-500
kHz). Ions within the tissue try to follow the alternating
path of the current, and thus, current flowing through
the tissues leads to ion agitation and subsequent
frictional heat. Friction heats the surrounding tissues to
50-100 ℃ causing protein denaturation followed by cell
[10,15,16]
dehydration and coagulative necrosis
. Because
of the poor electrical conductivity of tissues, the closest
areas to the electrode experience the highest current
and temperature, whereas tissues farther away are
heated by thermal conduction; in these regions, the
[15]
heat may not be sufficiently high to cause necrosis .
Therefore, a key limitation is the extent of coagu
lation produced by RF, which is often insufficient to
[16]
cover the tumour volume . This deficiency is mainly
related to the physical consequences of RF. During the
desiccation induced by RF, tissues become dehydrated
and charred with the loss of ions. Then, current
stops leading to a rise in impedance, which limits the
[10,15-17]
volume of tissue successfully ablated
. This rolloff phenomenon may be reduced by using pulsed
RF, which allows for the tissue to cool and rehydrate
between pulses, with a decrease in impedance enabling
larger volumes of thermal destruction. Another strategy
involves the use of internally cooled electrodes by
circulating water that increases the temperature at
the interface tissue electrode, limiting the charring

INTRODUCTION
Extrahepatic cholangiocarcinomas (CC), including
hilar tumours, and pancreatic carcinomas (PC) are
aggressive cancers often discovered at an advanced
stage for curative surgical resection. Less than 20%
of PC and 30% of CC are resectable at the time of
diagnosis; moreover, surgery is not always an option
in patients with poor functional status or coexisting
[1-4]
comorbidities
. Chemotherapy and radiotherapy
provide minimal survival benefits in patients with
unresectable locally advanced pancreatic or biliary
cancer, and the average survival is measured in
[5,6]
months rather than years
. The need for novel
therapies to positively impact survival has led to the
development of a variety of local ablative methods,
among which radiofrequency (RF) has generated wide
interest after its first application for hepatic tumours in
[7-9]
the early 1990s .
RF has been widely used percutaneously or intra
operatively in malignancies of several solid organs,
[10]
such as the liver, breast, lung and kidney . However,
PC is not usually amenable to percutaneous RF treat
ment because of the difficult visualization of these
deeper tumours with the risk of thermal injury of the
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A

B

Figure 1 Endobiliary and pancreatic radiofrequency ablation. A: Fluoroscopy: The Habib TM EndoHBP inside the common bile duct; B: EUS: The EUSRA RF
electrode (STARmed) inserted in a PNET. Tip of the probe (orange arrow). EUS: Endoscopic ultrasonography; RF: Radiofrequency.

process and allowing for longer lasting current
[10,16]
flow
. However, the extent of thermal injury is also
dependent on the length and gauge of the electrode,
the temperature generated and the length of RF. The
selection of the correct settings in the generator, the
optimal application time and the development of bipolar
probes and multiple hooked electrodes in an array are
other approaches for optimizing the tumour volume
[16]
ablated . Another cause of incomplete tumour ablation
is the heat-sink effect created by the proximity of large
vessels to tumours. Vascular flow may dissipate heat
and cool the adjacent tissues, preventing the required
temperature from being attained, which is particularly
[15,16]
important when considering PC
.
In addition to thermal injury, recent studies in
animal models have suggested that RF may stimulate
systemic antitumor immunity, which acts synergistically
in subsequent tumour eradication. RFA generates large
amounts of cellular debris that results in increased
dendritic cell infiltration, inducing tumour-specific T-cell
[18]
responses . Another plausible mechanism by which
an anti-tumour immunity response can be triggered is
the induction of heat shock protein (HSP) expression
because hyperthermia has been reported to enhance
the immunogenicity of cancer cells concomitantly with
[19]
the expression of HSP .
There are two different categories of complications
resulting from RF. The first category corresponds to
complications related to thermal therapy and includes
a flu-like syndrome that is usually resolved within
the first 24 h, post-procedure pain, skin burns at the
grounding pad site and thermal injury of surrounding
[10,20]
structures
. During RFA with monopolar probes,
a similar amount of energy is generated at the
ground and at the electrode surface. The surface
area, orientation and material of the pad as well as
the electrode to pad distance affect the grounding
pad temperature. With small grounding pad areas
and high-current RF, deleterious heating effects may
be observed at the ground site. Second- and thirddegree skin burns are now uncommon owing to the
use of large-area foil pads oriented to maximize the

WJG|www.wjgnet.com

leading edge of the ground to safely dissipate heat.
The risk of skin burns is also obviated using bipolar
probes. Structures adjacent to a tumour may become
[16,20]
irreversibly coagulated during the procedure
.
The damage of vessels and the gastrointestinal wall
with secondary perforation are the most feared
complications. These complications may be avoided
by maintaining a 1 cm separation between these
structures and the targeted tumour. However, vascular
damage is not as common as anticipated due to the
protective effect of the heat-sink phenomenon. The
second category of complications includes those
[20]
related to electrode placement . The complications
consist mainly of bleeding, infection and tumour
seeding and depend on the access route and technique
applied to the targeted organ (ERCP or EUS-FNA in the
case of CC and PC, respectively).

RADIOFREQUENCY DEVICES FOR
ENDOSCOPY-GUIDED THERAPY IN
BILIOPANCREATIC INDICATIONS
Six different RF probes have been developed that
enable endoscopic RF in the pancreas and the bile duct.
Two of them are designed to be used over a guide wire
TM
during ERCP for biliary strictures (Habib EndoHBP
TM
and ELRA ), and the other four are used under EUS
TM
guidance for pancreatic tumours (Habib EUS RFA,
Cryotherm probe, EUSRA RF electrode and a 19-gauge
EUS-FNA needle) (Figure 1). Among them, the
19-gauge EUS-FNA needle has been used only in liver
TM
procedures on animal models, the Habib EUS RFA and
the EUSRA RF electrodes are monopolar probes and
the other three are bipolar. A cooling system is available
TM
only with the cryotherm probe, the ELRA , and the
EUSRA RF electrode. Other technical characteristics are
[21-26]
presented more extensively elsewhere
.

ENDOSCOPY-GUIDED RF PROCEDURE
RF ablation of pancreatic tumours is performed by
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using a convex linear-array echoendoscope. When
using the cryotherm or the EUSRA RF electrodes, the
probe is passed through the operative channel of the
echoendoscope and directly inserted into the target
TM
mass. However, with the Habib EUS RFA, a 19-gauge
EUS needle is first placed into the mass, positioning
the needle tip at the far end of the mass. The stylet is
then removed, and the RF probe is introduced through
the needle. Finally, the needle is withdrawn by 3 cm
to avoid direct contact between the metallic needle
[27]
and the active electrode . Regardless of what needle
is used, real-time Doppler imaging is helpful to avoid
major vessel injury. The ablation must start at the
far end of the lesion, and for large lesions the probe
is repositioned along the same trajectory or using a
[25,28]
fanning technique to ablate the entire lesion
.
For biliary RF, the biliary tract is cannulated by
conventional ERCP, and biliary tree opacification is
performed to clearly determine the location of the
stricture and to delineate its length and diameter.
Although not necessary, a sphincterotomy is usually
performed. Depending on the stricture diameter,
balloon dilation of the stricture may be required before
inserting the RF catheter. The probe is then introduced
[29,30]
over the guide until the stricture is reached
. RF
energy is delivered over the selected period, and
before moving the probe, a rest period of 1 min is
observed to prevent tissues from adhering to the
electrodes. Based on the stricture length, several RF
applications are performed during the same session,
from the proximal margin of the stricture to the
distal one, with minimal overlap to reduce the risk of
complications. In patients with Klatskin tumours, RF
is also applied to more than one stricture (common
bile duct, left and/or right hepatic ducts) in the same
session. After withdrawing the probe, coagulated tissue
debris are removed with balloon sweeps, and a plastic
[29,30]
or metal stent is placed to ensure biliary drainage
.
The selected power and time settings in endoscopyguided biliopancreatic RF vary among the different
probes and are those recommended by manufacturers
based on the results of preclinical studies in animals
and ex vivo human studies

reporting on endoscopic RF for biliopancreatic cancers
in humans. Because of the paucity of reports on this
subject, we aimed to consider all types of evidence
available. For this reason, we also included case reports
and relevant abstracts reporting on technical feasibility,
clinical outcomes or complications of endoscopy-guided
biliopancreatic RF. Studies whose patients were included
in further larger series were not considered. Indications,
technical details, technical success, clinical outcomes,
impact on survival, complications and mortality were
extracted and further discussed.

EUS-guided RF on pancreatic tumours

Results: A literature search using the terms “pancreatic
cancer” or “pancreatic tumour” and “RF ablation”
yielded 276 relevant articles from the Pubmed and
Embase databases. Of these articles, only seven
were suitable and corresponded to four prospective
studies, one case series of three patients and two case
[25,27,28,31-34]
reports
. Data extracted from these articles
are summarized in Table 1.
Overall, 42 patients underwent EUS-guided RFA,
and indications were advanced unresectable PC in
28 patients (2 in the uncinated process, 20 in the
head, and 6 in the tail), PNET in 7, mucinous cysts
in 4, IPMN in 2 and microcystic adenoma in 1. All
patients with a resectable tumour were either unfit
for surgery or refused surgery. Among patients with
PNET, three corresponded to symptomatic insulinomas
(hypoglycemia with recurrent episodes of seizures or
syncope and frequent eating with significant weight
[27]
gain) . One patient with IPMN presented recurrent
[34]
tumour bleeding through the ampulla . Technical
success was achieved in 36 patients (86%), but in
6 patients it was not possible to introduce the CTP
inside the tumour. The proposed explanation was
that the stiffness due to the duodenal infiltration
and desmoplastic reaction prevented the probe
[32]
insertion . The required number of RF sessions was
not specifically reported in the majority of studies.
The selected power and application time varied
widely, ranging from 5 to 50 W and from 10 to 360 s,
respectively, primarily depending on the tumour size.
Following RF treatment, the four symptomatic
tumours became asymptomatic. No further bleeding
occurred in the patient with IPMN during 10 wk of
follow-up. Biochemical improvement was observed in
the first 48 h after RF in the three insulinomas, and
these patients remained free of symptoms during
[25]
a 12-mo follow-up . A favourable response was
observed in the remaining PNETs, either with complete
ablation estimated at 1-month image exam in one
case or with a vascularity change with central necrosis
[27,31,33]
in the other two PNETs
. Two mucinous cysts
had complete resolution, and the volumes of the
other four cysts were nearly halved (48% reduction in
[27]
volume) . One study in patients with unresectable
PC focused on the feasibility and safety of EUS-guided

ENDOSCOPIC BILIOPANCREATIC RF
IN CLINICAL PRACTICE: REVIEW OF
LITERATURE
To evaluate the feasibility, clinical efficacy and safety
of endoscopy-guided biliopancreatic RF, an electronic
search was performed in Pubmed and Embase. The
review was restricted to English literature published up
to March 2016. The search terms used were “pancreatic
cancer” or “pancreatic tumour” or “cholangiocarcinoma”
or “biliary cancer” or “biliary stricture” and “radiofre
quency ablation”. The reference list of published
articles was hand-searched to select original studies
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Table 1 Endoscopic ultrasonography-guided radiofrequency ablation on pancreatic tumours
Ref.

n

Indication

Mean size
mm (range)

RF device

Thermokinetics

RF
sessions

Outcome

Survival
(range)

Complications

Armellini et
al[31], 2005
Arcidiacono
et al[32], 2012

1

PNET

20

NA

NA

No complication

Locally advanced
PC

36

18 W (heating)

NA

Complete
ablation
Significant
volume reduction
in 16 patients
(P = 0.07)

-

22

18 G Needle electrode
(STARmed)
CTP

6 mo1

Early:

(1-12)

3 transient
abdominal pain
1 minor duodenal
bleeding
Late:
2 jaundice
1 duodenal
stricture
1 cystic fluid
collection
No complication

(23-54)

650 psi (cooling)
107 (10-360) s

Rossi et al[33],
2014

1

PNET

9

Habib EUS RFA

10-15 W

Technical failure
in 6 patients

1

360 s
Weigt et
al[34], 2014

1

IPMN
(recurrent
bleeding)

10

Habib EndoHBP

8W
90 s

NA

Pai et al[27],
2015

8

Mucinous cyst (4)
IPMN (1)
Microcystic
adenoma (1)
PNET (2)

41 (24-70)
35
20

Habib EUS RFA

5-25 W
90-120 s

4.5
(2-7)

Insulinoma

18

18 G Needle electrode

50 W

NA

(Hypoglycemia)
Locally advanced
PC (4)
Metastatic PC (2)

(14-22)
38

(STARmed)
18 G

10-15 s
20-50 W

1.3

(30-90)

Needle electrode
(STARmed)

10 s

(1-2)

Complete thermal
ablation
No recurrence
(34 mo follow-up)
2 cm ablation
No rebleeding

-

-

Mild acute
pancreatitis

-

2 mild abdominal
pain

-

No complication

NA

2 mild abdominal
pain

(10 wk follow-up)

Lakhtakia et
al[25], 2015

3

Song et al[28],
2016

6

27 (15-40)

2 cyst resolution
4 cyst reduction
(48 % reduction)
2 PNET with
vascularity
change
No recurrent
hypoglycemia
(12 mo follow-up)
Necrosis at the
ablation site

1

Among 13 patients; 2 patients were lost to follow-up and other patient died during hospitalization. PNET: Pancreatic neuroendocrine tumour; NA: Not
available; PC: Pancreatic cancer; IPMN: Intraductal pancreatic mucinous neoplasm.

Discussion: Current experience, although preliminary,
demonstrates that EUS-guided RF is a feasible
treatment. However, technical failure occurred in
six cases (14%) when using a cryotherm probe.
Results of recent studies involving percutaneous and
intraoperative RF suggest that pancreatic RF may
be dangerous without additional cooling because of
the risk of unintended thermal injury of surrounding
[35]
structures . The CTP for EUS-guided RF that
incorporates a cooling system cannot be inserted
through a EUS needle because of its larger diameter
and, therefore, it is introduced directly inside the echo
endoscope channel. This characteristic, along with
the flexible nature of this probe, makes it difficult to
enter a hard tumour with a desmoplastic reaction.
Technological improvements providing these probes
with cutting current, like a needle-knife, or rendering
the probes thin enough to be inserted through a EUS

RF, and therefore, survival, the main outcome in this
[28]
group, was not evaluable . Two of sixteen patients
were lost to follow-up, and another one died during
hospitalization in another study involving patients
with locally advanced PC. The median survival of the
[32]
remaining 13 patients was 6 mo .
There was no procedure-related mortality, and no
patient required surgery. Mild early complications were
observed in 9 of 36 patients (25%) with successful RF
treatment. The most frequent complication, observed in
seven patients, was mild abdominal pain that lasted 24
h after treatment and responded to common analgesics.
There was one case of mild acute pancreatitis and
one case of duodenal bleeding treated endoscopically
[32,34]
without the need for blood transfusion
. One patient
had a cystic fluid collection between the pancreas and the
left hepatic lobe as a late complication. The collection
[32]
was asymptomatic and resolved spontaneously .
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A

B

Figure 2 Ten millimeter pancreatic neuroendocrine tumour before radiofrequency ablation. Chromogranin at diagnosis: 239 ng/mL. A: The corresponding CT
image (orange arrow); B: The corresponding Doppler endoscopic ultrasonography image.

the pancreas may determine very different safety
profiles of RF in the two contexts. First, the pancreas
is a highly thermosensitive organ, and thermal injury
[27]
may lead to serious inflammatory consequences .
Second, hepatic tumours are usually surrounded by
normal parenchyma, and thermal injury beyond the
hepatic tumours does not usually affect important
structures, whereas pancreatic tumours often encase
vessels and the distal bile duct or are in contact with
the gastric or duodenal wall. For this reason, the
safety of intraoperative and percutaneous pancreatic
RF is still under debate, and frequent and severe
[36-38]
complications have been reported
. In contrast,
only mild complications have been described for
EUS-guided RF in pancreas, even when RF without
additional cooling was applied. No case of severe
acute pancreatitis, duodenal perforation, severe
gastrointestinal haemorrhage or bile leak have
occurred after RF under EUS guidance. Although all
patients with a locally advanced cancer in one series
had major vessel involvement, no case of portal or
[32]
splenic thrombosis was reported . One explanation
for this low morbidity may be that EUS is the best
modality for real-time imaging of the pancreas,
minimizing the risk of inadvertent damage of adjacent
anatomical structures. Nevertheless, mostly large and
advanced tumours have been included in these series,
and adjacent normal structures were likely far from
the probe. In small benign lesions, other injuries may
be observed (Figures 4 and 5). Further prospective
series are needed to confirm the low morbidity.

d1 = 13.6 mm

Figure 3 Same pancreatic neuroendocrine tumour showing necrosis
(orange arrow) two days after Radiofrequency ablation. Chromogranin level
decreased to 36 ng/mL.

needle, may increase the success rate.
Although the technical feasibility of EUS-guided RF
may be accepted, its clinical efficacy is more difficult to
affirm because of the scarcity of available experience.
The intended effect is primarily palliative, and possible
recurrence must be expected, although some authors
have suggested that it may be curative for small
tumours (Figures 2 and 3). Beneficial effects with
immediate relief of symptoms were observed in the
four symptomatic tumours, but the follow-up period
was very limited. Therefore, it is impossible to predict
the recurrence rate, time until symptom reappearance
and how many frequent RF sessions would be required.
In addition, for locally advanced PC, EUS-guided RF
aims to improve quality of life and to prolong survival
by means of a cytoreductive effect. However, no study
has had survival as a primary endpoint, a quality-oflife assessment has not been performed and there are
no randomized studies comparing EUS-guided RF with
the standard palliative treatment.
The successful results of RF in hepatic tumours
and the need for less invasive alternatives to surgery
for pancreatic tumours have prompted to attempt RF
in the pancreas. Nevertheless, important biological
and anatomical differences between the liver and

WJG|www.wjgnet.com

Endoscopy-guided RF of biliary strictures

Results: The primary search identified 227 publica
tions. Titles and abstracts were screened for relevance,
and 174 records were excluded. After a full-text review
of the 53 remaining studies, 25 papers were determined
[39-64]
to be eligible for inclusion (Tables 2 and 3)
. The
selected studies comprised eight retrospective series,
two prospective trials, seven case reports and eight
abstracts. Review of article references yielded one more
[39]
abstract .

8262

October 7, 2016|Volume 22|Issue 37|

Alvarez-Sánchez MV et al . Radiofrequency in biliary and pancreatic indications
Table 2 Endoscopic radiofrequency ablation for biliary strictures
Ref.

n

Indication

Pozsár et al[39],
2011

5

Occluded
SEMS
(malignant
strictures)
CC

15

15

5 W - 120 s

1

100%

-

-

16 PC

-

7-10 W

2 (1- 4)

100%

0 (0-1)

4 (3-6)

Monga et al[40], 1
2011
Steel et al[41],
21
2011

Stricture Thermokinetics
RF
length (mm) power - time sessions

Sonpal et al[45],
2012

Stricture
diameter
after RF
(mm)

Stent
patency
(d)

Median
survival
(mo)

Complications

100%

2

4.7

62

-

No complication

-

-

No complication

76%

-

1
hyperamylasemia
2 cholecystitis

2 (1-3)

120 s

at 90-d FU

1

CHD CC

-

7 W - 90 s

2

100%

-

-

-

-

1 rigors
No complication

1

Intrahepatic
adenoma
Ampullary
adenoma
with CBD
invasion
Occluded
SEMS (Klatskin
CC)
4 CC
1 colon met.
3 Klatskin CC

-

-

-

100%

-

-

-

-

-

10

1

-

100%

-

-

-

-

CBD stenosis

-

-

90

-

-

-

-

-

-

No complication

3

6

100%

-

-

146

-

No complication

-

-

-

-

Hepatic artery
pseudoaneurysm

1.7
(0.5-3.4)

5.2
(2.6-9)

100%
at 30-d FU

5
(4-7)
-

270
(180-450)
60

-

5 pain
1 mild pancreatitis
and cholecystitis
2 mild pancreatitis

-

No complication

1

1

Lewis et al[46], 5
2012
Watson et al[47], 3
2012
Kallis et al[48], 11
2015

Topazian et
al[49], 2013

Stricture
diameter
before RF
(mm)

(9-236)

6 Klatskin/
intrahepatic CC
Yoon et al[42],
2012
Mavrogenis et
al[43], 2012
Dzeletovic et
al[44], 2012

10 W - 120 s

Technical
success

1

8 - 10 W
90 s

2

-

7-10 W
90 s
7-10 W
90 s
-

1 (1-2)

100%

2

Occluded
SEMS:
6 PC/3 CC
2 liver met
Intrahepatic
adenoma

Figueroa20 11 CC/7 PC
1 IPMN/1 Met.
Barojas et al[50],
2013
Alis et al[51],
10
CC
2013
Lui et al[52],
1
Occluded
2013
SEMS
(Klatskin CC)
Law et al[53],
2
PC
2013
Tal et al[54],
12 2 intrahepatic
2014
CC
8 Klatskin IV
CC
2 GB can.
1 gastric Met

-

(Complete
ablation)
100%

-

1

No complication

(1-2)
10 W - 90 s

1

15.2
(3.5-33)

7-10 W
120 s

-

100%
(Complete
ablation)
100%

20
(20-35)

10 W - 120 s

3 (3-4)

100%

10 W - 150 s

1

100%

1.5
(1.5-2)
-

-

10 W - 120 s

1

100%

-

-

-

-

-

-

8-10 W

1

100%

-

-

-

8.5

60-90 s

(1-5)

3 hemobilia (2
deaths)
3 cholangitis

CHD: Common hepatic duct; CBD: Common bile duct; CC: Cholangiocarcinoma; PC: Pancreatic cancer; GB: Gallbladder; SEMS: Self-expanding metal stent;
Met: Metastasis; FU: Follow-up.

Over the last 5 years, a total of 293 patients were
reported in the literature to have undergone biliary
RF under endoscopic guidance. The indications in the
literature were malignant strictures in 232 patients
(79%), occluded self-expanding metal stents in 48
(16%), benign non-tumoural strictures in 9 (3%),
intrahepatic adenoma in 2 (0.6%) and bile duct
ingrowth of ampulloma in the remaining 2 patients
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(0.6%). In some studies, all malignant strictures
corresponded to cholangiocarcinoma, but in others
malignant strictures encompassed pancreatic cancer,
gallbladder cancer, hepatic carcinoma and metastatic
cancers as well. Only one study reported patients
with benign non-tumoural strictures and included four
postsurgical strictures, three after liver transplant
[55]
and two chronic inflammatory strictures . The RF
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A

B

Figure 4 Patient suffered a mild acute pancreatitis 3 wk after radiofrequency
ablation. CT revealed a peripancreatic fluid collection (yellow arrow) and tumour
necrosis (orange arrow) with slight dilation of the upstream pancreatic duct (green
arrow).
TM

probe used in all the reported cases was the Habib
TM
EndoHBP. The ELRA electrode has been launched
to the market recently, and to date, only one
[65]
experimental study on animals has been reported .
Power and time settings ranged from 5 to 10 W and
from 60 to 180 s, respectively; nevertheless, most
studies applied RF at 10 W over a period of 90 s. In
most studies, patients underwent RFA only once.
However, some operators performed RF either twice
during the same session with a rest period of 1-2 min
or at every ERCP for stent exchange during follow-up.
Technical success with satisfactory placement
and deployment of the RF catheter was achieved in
all patients. Only in one study was RF not applied in
one included patient due to an irretrievable plastic
stent with proximal migration. Because RFA was not
attempted, we did not consider this case a technical
[41]
failure . Regarding efficacy, three main outcome
measures may be considered: biliary decompression,
stent patency and survival. Biliary decompression was
possible in all cases but two (99%). In one patient,
extensive intrahepatic biliary malignancy prevented
[41]
successful biliary drainage , and in one other, biliary
decompression was not achieved, despite successful
RFA and endoscopic stenting requiring percutaneous
[51]
drainage . However, stent patency and survival have
not been uniformly described. Only five studies have
detailed data about stent patency in patients with
malignant strictures treated with RF before placing
[40,50,51,58,62]
a self-expanding metal stent (SEMS)
. In
two studies, the mean lengths of stent patency in 10
and 58 patients with malignant strictures were 270
[51,58]
and 170 d (range 180-450 and 63-277)
. The
[41,50,62]
three other studies reported 96 to 100 %
and
[41]
76 % of stent patency at 30 and 90 d
of followup, respectively. Moreover, RFA of occluded stents
achieved 60, 62, 90, 114, 146 and 180 d of mean
patency in six studies, and 62% of stents were still
patent at 90 d of follow-up after RF for stent occlusion
[64]
in one abstract report . Six authors evaluated the
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C

Figure 5 Pancreatic duct stenosis after pancreatic radiofrequency ablation.
A and B: ERCP revealed a necrotic cavity (green arrow) and a pancreatic duct
stenosis (orange arrow); C: A plastic stent was inserted.

survival of patients treated with RF before biliary
stenting, and it was always longer than 8 mo, ranging
[54,57,58,62,63]
from 8.5 to 18 mo
. As secondary outcomes,
differences between luminal diameter before and after
RFA, as determined by repeated cholangiography,
were recorded in some studies, and a significant
increase in diameter was observed immediately after
[39,41,50,62]
RF treatment in all cases
.
Two studies compared the stent patency and
survival of patients treated with SEMS following RFA
with those of patients undergoing biliary stenting
with SEMS alone, which represents the conventional
practice. These studies were not considered in the
present analysis because patients in both cases were
included in larger series. In the first study by Sharaiha
[66]
et al 26 patients, who underwent RF, were matched
with 40 patients receiving a SEMS alone. There was no
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Table 3 Endoscopic radiofrequency ablation for biliary strictures (continuation)
Ref.

n

Indication

Hu et al[55],
2014

9

4 postsurgical

Uppal et al[56],
2014

2

-

3 liver
transplant
2 chronic
inflam
Prehepatic
transplant
1 LHD-CHD
CC

-

58

Stricture
diameter
before RF
(mm)

Stricture
diameter
after RF
(mm)

Stent
patency
(d)

Survival
(mo)

Complications

10 W - 90 s

1

100%

-

-

-

-

-

(5 complete
resolution
4
improvement)
100%

-

-

-

19-35 mo
FU

2 abdominal
pain
2 transient
leucocytosis
1 mild
pancreatitis
1 hemobilia

-

(No
malignancy in
explant)

1 RHD-CHD
CC
Strand et al[57], 16
13 Klatskin
2014
CC
1 intrahepatic
CC
2 extrahepatic
CC

Dolak et al[58],
2014

Technical
success

Stricture
Thermokinetics
RF
length (mm) power - time sessions

50 Klatskin
CC
4 PC
1GB can

-

7 W - 90 s

-

100%

-

-

-

9.6

-

10 W - 180 s

1

100%

-

-

170

10.6

100%

-

-

114

-

100%

-

-

-

-

No
complication

(Complete
ablation)
100%

-

-

180

-

-

(1-5)

1 met
1 HCC
1 HCC and
CC

Mukund et
al[59], 2014

8

Mehendiratta
et al[60], 2015

1

Musquer et
al[61], 2015

1

Sharaiha et
al[62], 2015

69

Laquière et
al[63], 2015

12

Atar et al[64],
2015

21

Occluded
SEMS:
4 GB cancer
2 CC/2 PC
Ampullary
adenoma
with CBD
invasion
Occluded
SEMS
(CC)
45 CC
19 PC
1 GB cancer
1 gastric
cancer
3 liver met
CC
4 Bismuth Ⅰ
3 Bismuth Ⅱ
2 Bismuth Ⅲ
3 Bismuth Ⅳ
Occluded
SEMS:
11 PC/7 CC
1 GB can/2
liver met

-

-

1

Occurrence/
month:
Stent occlusion
0.06
Stent migration
0.02
Cholangitis 013
Hepatic abscess
0.02
1 partial liver
infarction
5 cholangitis
2
cholangiosepsis
3 hemobilia
1 GB empyema
1 hepatic coma
(1 death)
1 left bundle
branch block
No
complication

(1-2)
-

7 W - 90 s

-

10 W - 90 s

-

14.5
(3.5-60)

8 W - 90 s

1
(1-4)

100%

2

4.9

19.5
(10-35)

10 W - 90 s

1
(1-3)

100%

-

-

-

12

1 sepsis
1 cholangitis

-

10 W - 90 s

1

100%

-

-

62%

-

-

(1-5)

96%
15 for PC 1 pancreatitis
at 30-d FU 18 for
2 cholecystitis
CC
1 hemobilia
3 abdominal
pain

at 90-d FU

LHD: Left hepatic duct; RHD: Right hepatic duct; CHD: Common hepatic duct; CBD: Common bile duct; CC: Cholangiocarcinoma; PC: Pancreatic cancer;
HCC: Hepatocellular carcinoma; GB: Gallbladder; SEMS: Self-expanding metal stent; Met: Metastasis; FU: Follow-up.
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difference in pre- and post-RF stricture diameter (20.4
± 7.33 vs 23.17 ± 8.07, P = 0.1 and 1.6 ± 0.75 vs 1.38
± 0.18, P = 0 respectively), mean number of ERCP
(2.26 ± 1 vs 1.94 ± 1.27, P = 0.84) or survival (median
survival of the groups was 5.9 mo P = 0.87) between
the two groups. However, multivariate analysis
revealed RF as an independent predictor of survival (HR
= 0.9 (0.1-0.76), P = 0.012). The second series by
[67]
Kallis et al
consisted of 23 patients undergoing RF
followed by biliary stenting and 46 receiving a SEMS
alone. SEMS patency rates between the RF treated
group and control group were equivalent (472 d vs
324 d, HR = 1.186, 95%CI: 0.536-2.656, P = 0.669).
Median survival in the RFA group was 226 vs 123.5 d
in the control group (P = 0.010), and RF was observed
to be an independent predictive factor of survival at
90 and 180 d (OR = 21.07, 95%CI: 1.45-306.64,
P = 0.026; OR = 4.48, 95%CI: 1.04-19.30, P =
0.044, respectively). Because photodynamic therapy
(PDT) has been shown to confer a significant survival
advantage compared with biliary stenting, Strand et
[57]
al
aimed to compare RFA with PDT in patients with
unresectable CC. Overall survival was similar (9.6 mo
vs 7.5 mo respectively, P = 0.799) in patients who
underwent RF (n = 16) and in patients receiving PDT (n
= 32).
RF was anecdotally used to treat intraductal
extension of an ampullary adenoma in two cases and
an intrahepatic adenoma in two other patients; all of
[43,44,49,60]
them were successfully ablated
. In addition,
nine patients with benign strictures (four post-surgery,
three after the liver transplant and two with chronic
inflammation) and prior unsuccessful endoscopic
[55]
treatment underwent RF . All the strictures improved,
and complete resolution was observed in more than
half.
In some studies, data on complications were
[43,45,53,57,61,64]
not available
. Therefore, among 252
patients, complications occurred in 49 (19 %), and
overall mortality was less than 2% (n = 3). Infectious
complications, the most frequent adverse event, were
reported in 8% (nine cholangitis, five cholecystitis,
three cholangiosepsis, two transient leucocytosis, one
gallbladder empyema and one patient with rigors). At
least two cases of cholecystitis may be explained by
tumour encasement of the cystic duct, as shown by CT
scan and sepsis before ERCP. Four percent of patients
(n = 10) complained of postprocedure abdominal pain
well controlled with analgesics, and 2 % suffered mild
acute pancreatitis. Haemobilia occurred in 4% (n =
[54]
9) and in two cases was fatal . Another case was
due to a pseudoaneurysm of the hepatic artery, which
[49]
was percutaneously thrombosed with thrombin .
The pseudoaneurysm was related to RF due to the
close temporal relationship with the RF session. Liver
infarction was also described in one patient and
[58]
successfully recovered with conservative treatment .
Thermal injury of surrounding vessels was proposed as
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the hypothetical cause. Finally, hepatic coma with fatal
[58]
outcome was recorded once .
Discussion: SEMS placement is the mainstay pallia
tive treatment of malignant biliary strictures, but
more than 50% of SEMS become occluded after 6
mo. It was hypothesized that RF might lengthen stent
patency. Therefore, RF has been primarily used as
neoadjuvant therapy for malignant strictures prior to
inserting a SEMS. Afterwards and in the same line, RF
has been applied to treat SEMS occlusion by tumour
ingrowth and overgrowth. Anecdotal applications in
benign tumoural and non-tumoural strictures have
also been reported. Current experience demonstrates
that biliary RF under endoscopic guidance is feasible
and easy to perform with high technical success
rates. Although results seem promising, two studies
comparing RF plus SEMS and the conventional
palliative treatment with SEMS alone failed to show
longer patency of stents after RF. However, the
results of these studies suggest a benefit of survival
with RF. RF was also compared with PDT, which
had been shown to increase stent patency, quality
of life and survival, and RF was found to provide a
similar survival. Moreover, potential advantages of RF
over PDT are the unnecessary limitation of sunlight
exposure and its significantly lower cost. Nevertheless,
it is still early to draw conclusions about the efficacy
of endoscopic biliary RF because most of the available
data consist of small retrospective series with high
heterogeneity regarding the aetiology of malignant
strictures, the power settings selected, the number
of sessions, the disease stage and other concomitant
therapies, such as chemotherapy. Prospective
randomized trials are required to obtain more reliable
results about the efficacy of biliary RF and to explore
novel indications. The possibility to ablate intraductal
extension of ampullary adenomas might reduce the
risk of recurrence rate and the need for radical surgery
after endoscopic papillectomy (Figures 6 and 7), but
only two cases have been reported so far. An ongoing
French prospective trial may help to draw conclusions
about the interest in RF in this indication. RF may
also improve the endoscopic treatment of benign
strictures and may even be a rescue treatment for
benign strictures refractory to conventional endoscopic
treatment.
Although RF has an acceptable safety profile,
complications are not uncommon and mortality is
not zero. The most frequent adverse outcomes are
infectious complications and postprocedure abdominal
pain. Abdominal pain is usually self-limited, and the
prophylactic pre- and post-procedural use of antibiotics
may decrease the risk of infections. Infectious
complications, as well as acute pancreatitis, may be
primarily attributed to ERCP, but we cannot dismiss the
possibility of an increased risk of bacterial translocation
after RF and thermal injury of the neighbouring

8266

October 7, 2016|Volume 22|Issue 37|

Alvarez-Sánchez MV et al . Radiofrequency in biliary and pancreatic indications

A

B

Figure 6 Ampullary adenoma with bile duct extension. A: Endoscopic image of a large lesion involving the ampulla and the adjacent duodenum; B: Bile duct
extension at endoscopic retrograde cholangiopancreatography (orange arrows).

A

B

Figure 7 Results after endoscopic papillectomy and biliary radiofrequency ablation at two-year follow-up. A: Endoscopy showed complete resection without
tumour recurrence; B: No longer bile duct ingrowth at endoscopic retrograde cholangiopancreatography. Biopsies were negative repeatedly.

pancreas. The most feared complications at first,
such as bile duct or duodenal perforation, were not
observed. Preventing biliary fistula was always pursued
by inserting a plastic or SEMS after RFA. However,
other serious events have been reported, such as liver
infarction and fatal haemobilia. Both are believed to
be secondary to thermal injury of the hepatic artery.
The use of intraductal ultrasonography may help to
evaluate the proximity of the hepatic artery to adjust
the power settings for more limited energy delivery.
This measure is especially relevant for hilar lesions
located near liver parenchyma and for strictures
without an associated mass.

to be acceptable, though serious complications
have been reported. This finding may be explained
in part because the energy settings are not clearly
standardized and have been extrapolated from either
in vivo animal models with non-tumoural tissues or ex
vivo human studies without considering the delayed
necrosis and the heat-sink effects in vivo. Prospective
randomized controlled trials are awaited to accurately
evaluate its efficacy in terms of survival and qualityof-life and to optimize energy parameters in order to
reduce the risk of complications. Newest indications
such as refractory benign strictures, biliary extension
of ampullomas or branch-duct intraductal papillary
mucinous neoplasms deserve also further assessment.

CONCLUSION
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Abstract
Chronic hepatitis B virus (HBV) infected patients have an
almost 100-fold increased risk to develop hepatocellular
carcinoma (HCC). HCC is the fifth most common and
third most deadly cancer worldwide. Up to 50% of newly
diagnosed HCC cases are attributed to HBV infection.
Early detection improves survival and can be achieved
through regular screening. Six-monthly abdominal
ultrasound, either alone or in combination with alphafetoprotein serum levels, has been widely endorsed for
this purpose. Both techniques however yield limited
diagnostic accuracy, which is not improved when they
are combined. Alternative circulating or histological
markers to predict or diagnose HCC are therefore
urgently needed. Recent advances in systems biology
technologies have enabled the identification of several
new putative circulating biomarkers. Although results
from studies assessing combinations of these biomarkers
are promising, evidence for their clinical utility remains
low. In addition, most of the studies conducted so
far show limitations in design. Attention must be
paid for instance to different ethnicities and different
etiologies when studying biomarkers for hepatocellular
carcinoma. This review provides an overview on the
current understandings and recent progress in the field
of diagnostic and predictive circulating biomarkers for
hepatocellular carcinoma in chronically infected HBV
patients and discusses the future prospects.
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Importantly, also a significant number of HBV
[20]
patients develop HCC in a non-cirrhotic liver . Current
guidelines therefore advise 6-monthly abdominal
ultrasound (US) surveillance for HCC in advanced
fibrosis or cirrhotic HBV patients and in non-cirrhotic
[21-25]
patients depending on ethnic background and age
.
The technique, however, faces a disappointing 63%
sensitivity to detect HCC and is hampered by inter[20]
and intra-observer variability . Finding biomarkers to
better predict or diagnose HCC therefore remains an
important clinical and research priority.
Serum alpha-fetoprotein (AFP) levels are widely
used for HCC screening and diagnostics, but the
clinical utility to rule out or detect HCC is still a matter
of debate. The protein lacks sensitivity and specificity
to detect HCC. The recent improvement of systems
biology techniques, such as proteomics and genomics,
has enabled the identification of several new putative
[26,27]
biomarkers
. This review provides an overview of
diagnostic and predictive serum biomarkers for HBVassociated hepatocellular carcinoma and discusses
future prospects.

Core tip: Regular screening for hepatocellular carci
noma (HCC) in patients at risk improves their survival
rates. Currently available screening methods include
abdominal ultrasound and alpha-fetoprotein serum
levels, but both methods lack diagnostic accuracy.
Recent technological advances have enabled the
identification of new predictive and diagnostic hepatitis
B virus (HBV)-associated HCC biomarkers. Nevertheless,
most of the studies conducted so far show design
limitations. This review provides an overview on
the current understanding and future prospects of
circulating predictive and diagnostic biomarkers for
HBV-associated HCC.
Van Hees S, Michielsen P, Vanwolleghem T. Circulating
predictive and diagnostic biomarkers for hepatitis B virusassociated hepatocellular carcinoma. World J Gastroenterol 2016;
22(37): 8271-8282 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i37/8271.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i37.8271

DIAGNOSTIC BIOMARKERS FOR HCC:
AN OVERVIEW

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide and ranks third as cancerrelated death cause due to a 5-year survival of only
[1]
15% . Moreover, at a time of decreasing overall
cancer-related deaths due to an immense progress in
cancer diagnostics and treatment options, mortality
[1,2]
from hepatocellular carcinoma is increasing .
Chronic hepatitis B virus (HBV) infection is a major
risk factor for HCC development. Prospective cohort
studies have revealed an up to 100-fold increased
[3]
risk for HCC in chronically infected HBV patients . Up
to 50% of newly diagnosed HCC cases are attributed
to HBV infection, due to both direct and indirect
[2,4-7]
oncogenic effects of the virus
. Integration of HBV
DNA in the human genome may result in genomic
instability, while inflammation-related oxidative stress,
caused by immunological responses, may contribute
[6-9]
indirectly to HCC development .
Four clinical phases can be distinguished during
the natural course of a HBV infection: an immunetolerance phase, an immune active phase, an inactive
carrier phase and a hepatitis B e antigen (HBeAg)
[2,10]
negative phase
. Patients in the immune active
phase and the HBeAg negative phase are at increased
risk for progression towards fibrosis and ultimately the
development of cirrhosis, which is a major risk factor
[11,12]
for HCC
.
Several years to decades are needed for HCC to
[13]
develop in a HBV infected liver . Early diagnosis of
HCC in HBV patients is challenging but is proven to
result in an improved long-term survival due to an
increased chance to detect tumors at a resectable
[14-19]
stage
.

WJG|www.wjgnet.com

An overview of the discussed diagnostic circulating
biomarkers with their respective sensitivities and
specificities to detect HCC is displayed in Table 1. An
overview of their cellular origin is displayed in Figure 1.

Alpha-fetoprotein goes off stage, its glycoforms come
on stage

Alpha-fetoprotein is an oncofetal protein produced
[28]
by the fetal yolk sac and liver . The protein, like
albumin, binds exogenous as well as endogenous
[29]
substances in blood . Physiologically elevated AFP
levels are found in pregnant women and newborns, but
decrease quickly after birth. Upregulation of AFP later
on in life has been associated with various pathological
conditions such as acute hepatitis, endodermal sinus
[30-32]
tumors and HCC
.
Alpha-fetoprotein was discovered in the late 1950s
and has been of interest for the monitoring of HCC
development in viral hepatitis patients since the early
[33-35]
1970s
. For a long time, AFP has been widely used
together with abdominal US in routine HCC screening.
Nevertheless, the most recent European and American
guidelines do not endorse this practice anymore
[21-23]
since its diagnostic accuracy is low
. The protein,
most often detected by enzyme-like immunosorbent
assays (ELISA), indeed faces a lack of sensitivity and
[36]
specificity to detect early stage HCC in HBV patients .
Only 70% of all HCC’s are characterized by markedly
[37-41]
elevated AFP levels at the time of diagnosis
. Large
HBV cohort studies showed a maximal sensitivity for
AFP of about 75% to detect HCC at optimal cut-off
[32,41-45]
levels
.
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Portal vein and hepatic artery
Interleukin 6
sPD-1

Hepatocellular carcinoma:
PIVKA-II
AFP
GPC3
SCCA
DKK1
miRNA-21
miRNA-122
Osteopontin
GP73
COMP
Gamma-GT

Hepatocytes:
AFP
DKK1
Gamma-GT
HBV DNA
HBeAg
HBsAg

Biliary duct
Osteopontin
GP73

Figure 1 Cellular origin of the discussed predictive and diagnostic biomarkers in a physiological and oncological setting. Predictive biomarkers are
displayed in italics. PIVKA-II: Protein induced by vitamin K absence; AFP: Alpha-fetoprotein; GPC3: Glypican-3; SCCA: Squamous cell carcinoma antigen; DKK1:
Dickkopf-1 protein; miRNA: MicroRNA; COMP: Cartilage oligomeric matrix protein; GP73: Glycoprotein-73; sPD-1: Soluble programmed death-1; Gamma-GT:
Gamma-glutamyltransferase.

Table 1 Diagnostic serum biomarkers for hepatitis B virus-associated hepatocellular carcinoma
1

Marker
AFP
AFP-l3
DCP
Osteopontin
GP73
GPC-3
SCCA
DKK1
miRNA-21
miRNA-122

Cut-off

Sensitivity

Specificity

Detection method (most reliable)

Ref.

7.7-112.0 ng/mL
3%-20%
40-150 mAU/mL
9.3-642.5 ng/mL
78-150 ng/mL
2-300 ng/mL
0.12-3.80 ng/mL
1.01-2.15 ng/mL
NA
NA

25%-90%
36%-96%
44%-91%
73%-97%
68%-95%
36%-100%
42%-80%
69%-91%
84%-90%
70%-82%

87%-97%
89%-94%
68%-99%
55%-100%
9%-97%
40%-100%
50%-88%
62%-91%
71%-92%
69%-84%

ELISA
Liquid-Phase Binding Assay
Electrochemiluminescence immunoassay
ELISA
Immunoblotting, Western Blotting or ELISA2
ELISA
ELISA
ELISA
qRT-PCR
qRT-PCR

[36,73]
[46,47,52]
[36,53]
[65]
[36,71,72]
[36,78]
[36,81]
[86-88]
[83]
[83]

1

Range of cut-off values used in different studies included in the discussed meta-analyses and systematic reviews; 2Equally reliable. Relative levels were
used with different internal standards to measure miRNA-concentrations. The choice of the most reliable detection method was based on recent studies
involving at least 100 patients. Only biomarkers of which at least 4 different studies discussing their diagnostic potential exist, were included. AFP:
Alpha-fetoprotein; DCP: Des-gamma carboxy prothrombin; GP73: Golgi-protein 73; GPC-3: Glypican-3; SCCA: Squamous cell carcinoma antigen; DKK1:
Dickkopf-1; miRNA: MicroRNA; ELISA: Enzyme-linked immunosorbent assay; qRT-PCR: Quantitative reverse transcriptase polymerase chain reaction;
NA: Not applicable.

AFP-l3: The rising star under the AFP glycoforms

hepatocellular carcinoma. This glycoform is secreted
by malignant HCC cells even at early tumor stages
and in the absence of elevated AFP levels and can
[46,47]
be detected using liquid-phase binding assays
.
In addition, the fraction of AFP-l3 to total AFP in the
[48]
serum correlates with the degree of malignancy .

AFP is a glycoprotein of which three glycoforms exist:
AFP-l1, AFP-l2 and AFP-l3. They are all characterized
by an increased binding affinity for Lens culinaris
agglutinin. AFP-l3, which shows the highest binding
affinity is of particular interest as a biomarker for
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[68,69]

Over 15 studies have addressed the clinical potential
of AFP-l3 so far with sensitivity and specificity
ranging from 21% to 84% and from 89% to 94%
[48-52]
respectively
. However these studies assessing
the clinical potential of AFP-l3 use different cut-off
levels, test methods and patient numbers, resulting
in a wide range of detected sensitivity. A study from
2009 measuring the fraction of AFP-l3 to total AFP
using an automated immunologic analyzer and a
cutoff of 10% AFP-l3 in 419 HCC patients and 417
cirrhotic controls, found a sensitivity of 42% to detect
[53]
HCC . AFP-l3 fractions were measured using Western
blotting in another study, involving 388 HCC patients
and 212 controls with a cutoff of 15% AFP-l3 to total
[54]
AFP, resulting in a sensitivity of 21% . In order to
unequivocally demonstrate the superiority of AFP-l3
to AFP, large cohort studies using the same cutoff and
detection method are needed. Recently AFP-l3 was
suggested to be especially useful in the diagnosis of
HCC in absence of elevated AFP levels, but further
[55]
validation is needed .

leads to GP73 upregulation
. Increasing GP73
serum levels are associated with advanced fibrosis
[70,71]
stages in HBV patients
. A recent meta-analysis
showed that GP73’s diagnostic accuracy for HCC
[72,73]
outperforms that of AFP
. The protein can be
detected using either ELISA assays, immunoblotting
or Western blot. Previous studies have shown a
[36,71]
comparable efficacy for all three methods
.

Glypican-3

Glypican-3 (GPC3) is a member of the heparan sulfate
proteoglycans. It is an oncofetal antigen involved in
[74]
embryonal morphogenesis . Significant expression in
human adults can occur in different tissues including
breast and liver and indicates ongoing pathological,
[75,76]
mostly carcinogenic processes
. GPC3 has been
[75]
proposed as a novel serum marker for HCC . The
protein promotes HCC tumor growth through sti
[77]
mulation of the Wnt signaling pathway . A recent
meta-analysis showed an acceptable accuracy of the
protein to detect HCC with a mean pooled sensitivity
[78]
and specificity of 56% and 89% respectively . The
[36]
protein is preferably detected using ELISA assays .

Des-gamma carboxy prothrombin

Des-gamma carboxy prothrombin (DCP) is a noncarboxylated form of prothrombin, also known as
protein induced by vitamin K absence (PIVKA-II).
Carboxylation takes place in the hepatocytes before
the protein is released into the circulation. Release
of the non-carboxylated form has been associated
[56]
with vitamin K deficiency and presence of HCC .
Elevated DCP levels, preferably measured using
electrochemoluminiscence assays, were found in sera
of HCC patients, suggesting proper DCP synthesis in
[36,57,58]
hepatoma cells
. DCP has been investigated as a
potential HCC diagnostic biomarker in several studies,
showing a comparable to slightly higher diagnostic
[59-63]
performance compared to AFP
.

Squamous cell carcinoma antigen

Squamous cell carcinoma antigen (SCCA) is a
serine protease inhibitor, physiologically located in
squamous epithelial cells. It is also expressed by
neoplastic epithelial cells, e.g., neoplastic liver cells
in which it promotes tumor growth through inhibition
[79,80]
of apoptosis
. Increased serum levels have been
[36]
detected using ELISA assays in HCC patients .
The protein’s diagnostic accuracy for HCC has been
investigated in over 12 studies and turned out to be
moderate with a pooled sensitivity and specificity of
59.0% and 76.0% respectively. Nevertheless some
design limitations of these studies such as a small
[81]
sample size need to be taken into account .

Osteopontin

Dickkopf-1 protein

Osteopontin (OPN) is a glycoprotein that constitutes
a major part of the extracellular matrix of bones and
teeth. In addition, low levels of the protein are being
secreted by biliary epithelial cells. OPN is involved in
developmental as well as immunological, tumorigenic
[64]
and bone homeostatic processes . Overexpression of
the protein, detected using ELISA assays, was found
in a wide range of tumor types including pancreas
[64-66]
cancer, multiple myeloma and HCC
. Seven
retrospective cohort studies have investigated the
diagnostic potential of OPN for HCC. So far, OPN does
[65]
not outperform AFP as a diagnostic marker .

Dickkopf-1 protein (DKK1) is a glycoprotein secreted by
human hepatocytes. Upregulation of DKK1 expression
takes place in a wide variety of cancers including
prostate cancer, multiple myeloma and hepatocellular
[82-84]
carcinoma
. Overexpression of the protein is
detected in tissue as well as serum from hepatocellular
carcinoma patients. Although the protein is suggested
to be an inhibitor of the Wnt/β-catenin signaling
pathway, its exact functions have not been fully
[82,85]
elucidated
. A meta-analysis showed an acceptable
diagnostic accuracy of DKK1, comparable to AFP, to
detect HCC with a pooled sensitivity and specificity
[86-88]
of 65% and 94% respectively
. Detection of the
[87]
protein in serum is performed using ELISA assays .

Golgi protein-73

Golgi protein-73 (GP73) is a transmembrane protein
physiologically located on the Golgi membrane of
epithelial cells in different tissues, including the biliary
[67]
tract . Its function remains largely unknown. Liver
damage, caused by viral as well as non-viral agents
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miRNA’s: Promising biomarkers for HCC detection

MicroRNA’s (miRNA) are small non-coding RNA’s
regulating gene expression by binding to messenger-
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[89]

RNA (mRNA) . During recent years, circulating
miRNAs have gained increasing attention for the
early diagnosis and screening of hepatocellular
[90]
carcinoma . So far, two miRNAs, miRNA-21 and
miRNA-122 show particularly high potential in HCC
[91]
diagnostics . miRNA-122 is a liver specific miRNA,
whereas miRNA-21 is produced by different tissues
including the colon, liver and heart in which it is
involved in respectively tumor growth and cardiac
[92-94]
disease development
. miRNA-21 inhibits tumor
suppression by inhibiting tumor suppressor pathway
activating phosphatases (e.g., ATK and MAPK),
whereas miRNA-122 inhibits tumor growth by acting
[93,95-97]
as a tumor suppressor gene
. A direct correlation
was observed between increasing miRNA-21 levels
[98]
and increased cell proliferation . In addition, high
circulating miRNA-21 levels were found to be correlated
with more differentiated and progressive hepatocellular
[94]
carcinoma thus indicating a bad prognosis . Serum
miRNA-122 levels correlate inversely with the se
[99]
verity of liver fibrosis . The antitumor properties
of miRNA-122 have been successfully applied in a
[96]
preclinical model to prevent HCC development . The
diagnostic accuracy of miRNA-21 slightly outperforms
that of miRNA-122 with a pooled sensitivity and
specificity of 87% and 80% respectively for miRNA-21
[91]
vs 68% and 73% for miRNA-122 .

in men and an up to 11-fold increased risk in women
[117]
within 15 years . HBsAg levels are suggested to be
[118,119]
especially useful in case of low HBV DNA levels
.
Secondly, genome-wide association studies have
enabled the linkage of genetic variants to specific
disease outcomes. Single nucleotide polymorphisms
(SNPs) in a wide range of genes, including the
Interleukin-21 and the CRP-gene, have been associated
with an increased susceptibility for HCC over a variable
[120-124]
time course
. Increasing evidence indicates that
SNP’s in the STAT4, MDM2 and HFE gene, determined
[125,126]
on whole blood, are germline risk factors for HCC
.
On the other hand, also somatically acquired mutations,
e.g., in the TP53 gene, have been associated with an
[127]
increased risk for HCC
. All together these findings
are strongly suggestive for interindividual differences
in the genetic predisposition for HCC development, a
predisposition that can be boosted by additional somatic
mutations.
Thirdly, circulating biomolecules would be ideal
as a non-invasive, predictive biomarker for HCC. An
overview on the discussed predictive biomarkers
including their respective increase in HCC risk is
displayed in Table 2. The clinical utility of GammaGlutamyl Transferase (Gamma-GT) Iso-enzyme II
was first evaluated as a predictive HCC marker in
1992. Patients showing persistently elevated levels
of Gamma-GT Iso-enzyme II at presentation had a
[128]
86.7% risk to develop HCC within 10 years’ time
.
Gamma-GT levels above 41 U/L and AFP-levels >
5 ng/mL have later been associated with an 8-fold
increased risk for HCC in a large HBV cohort followed
[129]
up for 6 years
. The usefulness of AFP-levels for
HCC prediction has, however, been assessed in several
[128-130]
other studies with contradictory results
.
Cartilage oligomeric matrix protein (COMP) is an
extracellular matrix protein involved in tissue genesis
[131]
and remodeling
. The protein is released into the
[132]
circulation upon cartilage damage . Overexpression
of the protein in serum from HCC patients suggested
that serum COMP levels reflected an individual’s fibrosis
[133]
stage and subsequent risk for HCC . A recent study
in Greece supports this hypothesis: COMP positivity (>
15 U/L) was associated with a 3-fold increased HCC
[132,134]
risk during a median follow-up of 8 years
.
In a study of 27 serum cytokines and growth
factors, interleukin-6 (IL-6) levels were found to predict
cancer development within a timeframe of 8 to 11
[135]
years with moderate accuracy . Levels above 7 pg/
mL were associated with a 3-fold increased HCC risk.
As IL-6 induces C-reactive protein (CRP), the potential
value of CRP in HCC risk prediction was assessed, but
[136,137]
turned out to be disappointing
. Recently, soluble
programmed death-1 (sPD-1), a soluble form of the
membrane-bound programmed death 1 on T cells
with a largely unknown function was put forward as
[138,139]
a marker
. sPD-1 levels above 637.6 pg/mL at
baseline reflected a 2-fold increased risk to develop
HCC during a median follow-up time of 20 years, when

Other diagnostic biomarkers

Based on systems biology approaches, more markers
with diagnostic potential in HCC screening settings
have recently been identified, including fucosylated
fetuin A, inter-alpha-trypsin inhibitor H4, clusterin,
endoglin, soluble Axl, latent TGF-bèta binding-protein
2 as well as peroxireduxin 1, 2 and 3. The evidence for
clinical utility of these markers remains low due to a
[100-108]
lack of sufficiently large cohort studies
.
In addition, several studies have been published
on circulating tumor cells for HCC. However, most
of published studies focus on prognosis after HCC
diagnosis and prediction of disease progression rather
[109-111]
than on the diagnosis of HCC
.

PREDICTION OF THE RISK TO DEVELOP
HCC
Three strategies can be applied when assessing the
long-term risk for HCC. Firstly, clinical risk scores, e.g.,
REACH-B and PAGE-B, can be calculated based on
viral and host-related (e.g., age and gender) clinical
parameters. Most of these models have however been
developed in Asian populations and lack validation in
[112,113]
non-Asian populations
. HBeAg positivity and HBV
DNA levels above 1 million copies/mL are associated
with a 4- and 11-fold increased HCC-risk during 8 and
[114-116]
11 years of follow-up respectively
. Hepatitis B
surface antigen (HBsAg) levels above 1000 IU/mL are
accompanied with an up to 6.5-fold increased HCC risk
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Table 2 Predictive serum biomarkers for hepatitis B virus-associated hepatocellular carcinoma

Viral

Host

Marker

Cut-off

Increased risk
for HCC

Control group

HBeAg
HBV DNA

Positive
> 1 million
copies/mL
> 1000 IU/mL
Positive

4-fold
11-fold

> 41 U/L
> 5 ng/mL
Positive
> 7 pg/mL
> 637.6 pg/mL

HBsAg
Gamma-GT Isoenzyme II
Gamma-GT
AFP
COMP
IL-6
sPD-1

1

Follow-up
time

Ref.

HBeAg negative HBV patients
HBV patients with HBV DNA < 300 copies/mL

8 yr
11 yr

[114]
[115]

3-fold
86-fold

HBV patients with HBsAg 5-9 IU/mL
GGT Iso-enzyme II negative HBV patients

14.7 yr
10 yr

[117]
[128]

8-fold
8-fold
3-fold
3-fold
2-fold

HBV patients with Gamma-GT ≥ 41 U/L
HBV patients with AFP ≤ 5 ng/mL
COMP negative HBV and HCV patients
HBV patients with IL-6 < 7 pg/mL
HBV patients with sPD-1 < 117.3 pg/mL

5.9 yr
5.9 yr
8 yr
7.25 yr
20 yr

[129]
[129]
[134]
[135]
[138]

1

Control group: group included in the study, to which the increased HCC risk was calculated. HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus;
HBsAg: Hepatitis B surface antigen; Gamma-GT: Gamma glutamyltransferase; AFP: Alpha-fetoprotein; COMP: Cartilage oligomeric matrix protein; IL-6:
Interleukin 6; sPD-1: Soluble programmed death 1.
[138]

compared to sPD-1 levels below 117.3 pg/mL

[143]

.

they can be termed validated biomarkers
. So far,
[15]
only AFP has reached step 5 .
In addition, the studies that have been conducted
over the last decades are hampered by limitations
in their study design. As an example the patient
cohorts for HCC biomarker discovery studies are often
heterogeneous regarding liver disease etiology and
[144]
ethnicity. In their paper, da Costa et al
proved
the need to validate biomarkers in different ethnic
populations. They investigated the potential of
osteopontin and latent Transforming Growth Factor
beta binding-protein in HCC diagnosis in separate
cohorts in Gambia, Korea, Thailand and France. The
sensitivity and specificity of both markers differed (>
10%) among ethnicities. The onset of HCC occurs at
a median age of 45 in sub-Saharan African people,
whereas a mean age of 52 to 65 has been observed in
[145,146]
the rest of the world
. In addition, HCC incidence
varies among HBV and hepatitis C virus (HCV)
patients, highlighting the importance of homogeneous
patient cohorts. Future biomarker discovery and
validation studies should therefore distinguish between
different ethnicities and etiologies as this most
probably explains the variation in sensitivities and
specificities noticed between studies assessing the
same biomarker (Table 1).
The inclusion of clinical parameters into biomarker
scores could increase their performance. One study
demonstrated that incorporation of age into combined
models of biomarker testing significantly improved the
[140]
diagnostic performance for HCC .
From a clinical point of view, however, predictive
serum biomarkers would be preferred over diagnostic
biomarkers to tailor HCC surveillance according to
the individual needs. Proteomic approaches are
encouraging, but also need a validation in larger
[147,148]
cohorts
. Expression of Heat-shock Protein 27
was e.g., detected in 90% of sera from HCC patients
and in 0% of sera from non-HCC patients, which
[148]
seems promising
. Other groups have focused on
genomics and have identified a gene signature in

DISCUSSION
Despite its disappointing sensitivity and specificity,
AFP still remains the most widely used serum HCC
biomarker. Some newly discovered circulating bio
markers, e.g., AFP-l3, DCP and microRNA’s show
promising potential for implementation in clinical
practice. However, only GP73 strongly outperforms
AFP in terms of diagnostic accuracy. Large variations in
sensitivity and specificity are noticed between different
studies assessing the same biomarker (Table 1).
Due to the heterogeneity of HCC, one single
biomarker with 100% sensitivity and specificity in all
HCC cases will be hard to find. A more rational approach
to increase the diagnostic accuracy might be the
[41,52,55,62,65,72,140-142]
combination of different biomarkers
.
The most recent APASL guidelines indeed recommend
the combined use of AFP, AFP-l3 and DCP in HCC
[22,142]
screening
. In favor of this approach, a metaanalysis showed that combined testing of GP73 and
AFP increased the pooled sensitivity without decreasing
the specificity to detect hepatocellular carcinoma.
The pooled sensitivity and specificity were 87% and
85% respectively when biomarkers were combined,
compared to 77% and 91% for GP73 and 62% and
[72]
84% for AFP when used alone .
All currently identified circulating biomarkers and
their combinations definitely need more validation
studies. Most of the biomarker discovery studies have
been performed in cohorts of a few 100 patients. The
majority of identified markers has so far not been
[100-103,108]
subject of large, external validation studies
.
Five subsequent steps are to be followed in cancer
biomarker discovery. The first step is the implemen
tation of preclinical exploratory studies. Step 2 is
the development of a clinical assay. Step 3 involves
retrospective studies, step 4 prospective studies and
step 5 large, randomized controlled trials. Biomarkers
identified in step 1 must pass all other steps before
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liver tissue of HCV infected patients predictive of HCC
[149,150]
development
. It could be of interest to identify
corresponding secretory biomarkers in blood.

14

CONCLUSION

15

Monitoring HCC development in chronic hepatitis
B patients based on serum biomarkers remains
challenging. During recent years, new predictive
and diagnostic circulating biomarkers have been
proposed. Combinations of these biomarkers show a
higher potential for implementation in clinical practice,
but large validation studies in homogeneous ethnic
and etiological populations are urgently needed to
unequivocally demonstrate their clinical utility.
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REVIEW

Recent advances in mass spectrometry-based proteomics of
gastric cancer
Changwon Kang, Yejin Lee, J Eugene Lee

Abstract

Changwon Kang, Department of Biological Sciences, Korea
Advanced Institute of Science and Technology, Daejeon 34141,
South Korea

The last decade has witnessed remarkable technological
advances in mass spectrometry-based proteomics. The
development of proteomics techniques has enabled
the reliable analysis of complex proteomes, leading
to the identification and quantification of thousands
of proteins in gastric cancer cells, tissues, and sera.
This quantitative information has been used to profile
the anomalies in gastric cancer and provide insights
into the pathogenic mechanism of the disease. In
this review, we mainly focus on the advances in mass
spectrometry and quantitative proteomics that were
achieved in the last five years and how these up-andcoming technologies are employed to track biochemical
changes in gastric cancer cells. We conclude by pre
senting a perspective on quantitative proteomics and
its future applications in the clinic and translational
gastric cancer research.
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Core tip: Protein identification and quantification by
mass spectrometry represent powerful techniques
for deciphering the mechanisms underlying the
biochemical anomalies that cause human diseases.
Due to innovations in mass spectrometry and labeling
techniques, cellular protein levels can be monitored
routinely with great accuracy. This review provides a
brief overview of these technological advances and
their applications in gastric cancer biology.
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of m/z, and detector(s) for counting the intensities of
[10]
the ions . Ionization is commonly achieved by soft
ionization techniques, such as matrix-assisted laser
[11]
desorption/ionization (MALDI)
and electrospray
[12]
ionization (ESI) , to measure the masses of proteins
and peptides. In MALDI, the analytes are ionized with
a crystalline matrix via laser pulses, whereas in ESI,
the analytes are directly ionized from a solution that
is typically eluted from liquid chromatography (LC)
columns. MALDI is usually adopted to analyze simple
samples, whereas LC-ESI is used to analyze complex
mixtures.
Two major types of mass analyzers are used in
current proteomics technology. In time-of-flight (TOF)
mass spectrometers, the flight times of ions are
measured over a fixed distance to match a specific m/z,
and the intensity of a measurement is correlated with
the amount of the ion. MALDI ionization coupled with
TOF technology allows the MALDI-TOF mass analyzer
to analyze proteins and peptides with a wide range of
[10]
molecular weights . Due to its simplicity, excellent
mass accuracy, high resolution, and great sensitivity,
MALDI-TOF has been widely adopted to identify
proteins associated with diseases, including gastric
cancer.
[13]
Using MALDI-TOF, Hu et al
have shown that
overproduction of the C-X-C chemokine receptor type
1 (CXCR1) was linked with late-stage gastric cancer.
The authors compared the protein abundance profiles
of the MKN45 gastric cancer cell line in the presence
and absence of CXCR1 overexpression and found that
the cellular levels of 29 proteins differed. As these
proteins were known to participate in cell adhesion,
cellular metabolism, and the cell cycle, CXCR1 was
inferred to play a role in the proliferation, metastasis,
and invasion of gastric cancer.
In an attempt to understand the inhibitory function
of curcumin, curcumin-treated samples were analyzed
with MALDI-TOF, and 75 proteins displayed significant
[14]
changes in abundance. In this study, Singhal et al
identified putative biomarkers of gastrointestinal tract
cancers by analyzing biopsy samples obtained from
patients with gastroesophageal malignancies using
MALDI-TOF.
Recently, the application of MALDI has been
[15]
expanded to obtaining mass images of tissues . In
MALDI imaging mass spectrometry, the masses of
biomolecules are probed two-dimensionally in a thin
tissue section, providing valuable spatial information
about the analytes that is lost in typical LC-mass
[16]
spectrometry experiments. Balluff et al
have utilized
MALDI imaging mass spectrometry to identify prognostic
biomarkers that can be used to predict disease
outcomes after surgical resection. The prognostic value
of the three identified proteins (CRIP1, HNP-1, and
S100-A6) was validated immunohistochemically with
tissue microarrays using an independent validation
cohort.
Surface-enhanced laser desorption/ionization

com/1007-9327/full/v22/i37/8283.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i37.8283

INTRODUCTION
Functional interpretations of the genes that are as
sociated or linked with cancer by various genomics
approaches often require other orthogonal approaches
that could provide information beyond the data
obtained from sequence analysis of those genes. Since
[1]
Wilkins and Williams first proposed the concept of
the proteome in 1994, the field of proteomics has
recently experienced a dramatic development that has
largely been driven by technological advances in the
field of mass spectrometry.
The introduction of advanced mass spectrometric
instruments and bioinformatics tools has enabled
the high-resolution and high-specificity analyses of
thousands of proteins and their post-translational
modification states in cultured cells, primary tissues,
[2]
and body fluids . Despite the inherent low sensitivity
[3,4]
and undersampling suffered by mass spectrometry ,
researchers have started to design strategies that
capitalize on this emerging technology for the
[5-7]
elucidation of disease pathobiology .
Gastric cancer is one of the leading causes of cancer[8,9]
related deaths worldwide . With approximately one
million cases diagnosed each year, gastric cancer is also
one of the most common cancers, particularly in East
[8]
Asia . Despite a modest decline in newly diagnosed
cases worldwide, the mortality rate of gastric cancer
remains higher than other malignancies, mainly due
to the lack of noninvasive handy diagnostics of early
[8]
gastric cancer . Moreover, the pathogenic mechanism
underlying gastric tumorigenesis is still unknown, and
the only curative treatment for gastric cancer remains
surgery.
Aimed at obtaining a full understanding of the
molecular determinants that drive gastric cancer,
many studies have increasingly adopted advanced
proteomic technologies that can help identify protein
biomarkers and elucidate the molecular mechanisms of
gastric cancer. This review discusses the technological
breakthroughs in mass spectrometry-based quantitative
proteomics and their applications in gastric cancer
research.

MASS SPECTROMETRY
Basics and instrumentation

Table 1 summarizes the mass spectrometric tech
nologies that have been adopted to study gastric
cancer. Mass spectrometric measurements detect and
identify the chemical composition of ionized analytes
based on the mass-to-charge ratio, m/z. A typical
mass spectrometer is composed of an ion source that
ionizes the analytes, mass analyzer(s) for the detection

WJG|www.wjgnet.com

8284

October 7, 2016|Volume 22|Issue 37|

Kang C et al . Gastric cancer proteomics
Table 1 Summary of recent proteomic analyses of gastric cancer
Sample
Tissue samples
GC tissue

Measurand

Mass spectrometry

Identification/quantification

Ref.

Global proteome

MALDI TOF/TOF, LTQ
Orbitrap XL
Q-TOF
LTQ Orbitrap
MALDI TOF/TOF
LTQ Orbitrap XL
LTQ Orbitrap XL

Label-free, Mascot

Balluff et al[16], 2011
Zhang et al[73], 2013
Aquino et al[74], 2014
Wu et al[75], 2014
Ichikawa et al[38], 2015
Shen et al[76], 2015

GC tissue
GC tissue
GC tissue
GC tissue
GC tissue

Global proteome
Global proteome
Global proteome
Global proteome
Global proteome

GC tissue

Membrane
proteome
Global proteome

LTQ Orbitrap Velos

O18/O16, MassLynx (v4.0)
Label-free, ProLuCID (v1.3)
Label-free, Mascot (v2.2)
Label-free, Mascot (v2.2)
Label-free, Bioworks Browser (v3.3.1),
Trans-Proteomic Pipeline (v4.0)
TMT, MaxQuant (v1.2.2.5)

MALDI TOF/TOF

iTRAQ, Mascot

Singhal et al[14], 2013

Serum proteome

MALDI-TOF LTQ Orbitrap
XL MS/MS
Triple TOF 5600

Label-free, Autoflex, Peptide mass
fingerprinting
Multiple reaction monitoring

Fan et al[37], 2013

MALDI-TOF Orbitrap
Q-Exactive
LTQ Orbitrap Velos

Label-free, MaxQuant (v1.4.1.1)

Gastroesophageal malignancy
Serum samples
Sera from GC patients

Gao et al[31], 2015

Sera from GC patients

Serum proteome

Sera from GC patients

Serum proteome

Sera from GC patients

Serum proteome

Sera from GC patients

Serum proteome

SELDI TOF MS
MALDI TOF/TOF

Label-free, Mascot

Humphries et al[59],
2014
Abramowicz et al[50],
2015
Subbannayya et al[29],
2015
Song et al[17], 2016

Global proteome
Global proteome

MALDI TOF/TOF
MALDI TOF/TOF

Label-free, Mascot
iTRAQ, ProteinPilot

Cai et al[71], 2013
Hou et al[69], 2013

Global proteome
Global proteome
Global proteome
Global proteome
Global proteome

Q-TOF
MALDI TOF/TOF
Q-TOF
MALDI TOF/TOF
LTQ Orbitrap

Cell lines
BGC823, MKN45, SCG7901
AGS, AZ521, FU97, MKN7,
MKN74, NCI-N87, SNU16,
YCC1, YCC2, YCC3, YCC9
AGS
MKN45
OCUM-2MD3, OCUM-12
AGS, BGC823, MKN45, SGC7901
HGC27, MGC803, SGC7901

AGS
Global proteome
HGC27
Global proteome
AGS, MKN7
Secretome
AGS, KATO III, NCI-N87, SNU1,
Secretome
SNU5, SNU16
AGS, KATO III, SNU1, SNU5,
Membrane
MKN7, IM95
proteome
AGS, IM95, KATO3, MKN7,
Membrane
MKN28, MKN45, NUGC3,
proteome
NUGC4, SCH, SNU1, SNU5,
SNU16
AGS, HGC27, KATO III, MKN45,
Membrane
NUGC3, SCH, SGC7901, SNU5,
proteome
SNU484, TSK1
Multidrug-resistant GC cell lines:
Surface
GC7901/VCR, SGC7902/ADR
glycoproteome
AGS
Interactome
AGS
Phosphoproteome
AGS
Phosphoproteome

Q-TOF
Triple TOF 5600
MALDI TOF/TOF
LTQ Orbitrap Velos
LTQ-FT Ultra
Q-TOF

iTRAQ, SEQUSET HT, Mascot (v2.2)

iTRAQ, Mascot (v2.1.1)
Hu et al[72], 2013
Label-free, Mascot
Hu et al[13], 2013
iTRAQ, ProteinPilot
Morisaki et al[28], 2014
Label-free, Peptide mass fingerprinting
Yang et al[67], 2014
Label-free, Mascot (v2.3.2), Scaffold (v4.0.5),
Qiao et al[62], 2015
X! Tandem CYCLONE (v2010.12.01.1)
iTRAQ, Mascot (v2.3.2)
Lin et al[61], 2015
iTRAQ, Mascot (v2.3.2)
Chen et al[77], 2016
iTRAQ, ProteinPilot
Loei et al[51], 2011
SILAC, Proteome Discoverer (v1.3.0.339),
Marimuthu et al[33],
Mascot, SEQUEST
2013
Label-free, Trans-Proteomic Pipeline,
Guo et al[68], 2012
Mascot (v2.2.07)
iTRAQ, ProteinPilot
Yang et al[70], 2012

Q-TOF

iTRAQ, ProteinPilot

Goh et al[60], 2015

LTQ Orbitrap XL

Triplex stable isotope dimethyl labeling,
Mascot, MSQuant (v2.0a81)
Label-free, Mascot (v2.2.2)
SILAC, Mascot (v2.1)
SILAC, MaxQuant (v1.3.0.5)

Li et al[47], 2013

LTQ Orbitrap Velos
MALDI TOF/TOF
LTQ Orbitrap XL

Yu et al[57], 2013
Holland et al[43], 2011
Glowinski et al[42], 2014

The studies are listed according to sample types (tissues, sera and cell lines) and measurands in the order of publication year and then in alphabetical order
by the first author. GC: Gastric cancer; MALDI: Matrix-assisted laser desorption ionization; TOF: Time-of-flight.

(SELDI) is a variation of MALDI, in which the analytes
are bound to a surface before the mass analysis. The
surface can be modified to allow for specific binding of
the analytes of interest. Like MALDI, SELDI is usually
coupled with TOF for protein identification. Using
[17]
SELDI-TOF, Song et al
identified 15 proteins that
were differentially regulated in the serum samples
from 296 gastric cancer patients.

WJG|www.wjgnet.com

The second type of mass analyzer is the ion trap,
in which the ionized analytes are first trapped and
then subjected to mass spectrometry. The ion trap
is less expensive than the MALDI-TOF analyzer but
is still sensitive enough to measure non-abundant
analytes. Therefore, until recently, ion traps have been
commonly used to obtain a majority of proteomics
[10]
data, despite their relatively low mass accuracy .
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The Fourier transform (FT) mass spectrometer
is an advanced ion trap mass analyzer that exploits
strong magnetic field to measure the m/z of ions.
FT mass spectrometry boasts sensitivity, accuracy,
[18]
resolution, and dynamic range . These advantages
make FT mass spectrometry suitable for analyzing
proteins in a complex mixture. However, its application
in proteomics has largely been hindered by its cost and
difficulties in operation and maintenance.
The Orbitrap analyzer, a variant of the FT mass
spectrometer, made its debut in 2005. Like the FT
mass spectrometer, the Orbitrap mass analyzer
converts the image currents produced in a trap to
[19]
mass spectra by Fourier transform . Orbitrap uses
electrostatic forces rather than a magnetic field and,
thus, does not require the expensive superconducting
magnets used in FT mass spectrometers. Orbitrap is
currently widely used in proteomics research and is
chosen for complex proteome analysis.

different samples. These labeling strategies are
designed such that labeling causes a known mass shift
in the labeled protein or peptide in the mass spectrum.
In general, differentially labeled samples are
mixed and analyzed in the same mass spectrometric
run, where the differences in the peak intensities of
the labeled peptide pairs are assumed to reflect the
differences in the abundance of the corresponding
proteins. For instance, it is possible to compare the
proteomes from normal and cancerous tissues using
this approach. Quantitative mass spectrometry-based
proteomics approaches include stable isotope labeling
techniques and label-free strategies.

Stable isotope labeling approaches

Stable isotope labeling entails the incorporation of
13
15
stable heavy atoms such as C and N into specific
[24]
biomolecular entities, as previously reviewed . In
most cases, these labels are chemically or metabolically
introduced into peptides or proteins. One of the
first chemical labeling strategies adopted for protein
quantification by mass spectrometry was the isotope[25]
coded affinity tag (ICAT) technique . In this approach,
the sulfhydryl groups in cysteine residues are covalently
modified by the ICAT reagents containing “light” or
“heavy” isotopes. The presence of the light or heavy
ICAT tags leads to the separation and concomitant
quantification of modified peptides during the precursor
ion measurements in the first mass spectrometry
process (MS1).
Recently, chemical labeling strategies utilizing
isobaric tags, i.e., tags with the same molecular weight,
developed for relative and absolute quantification
[26]
[27]
(iTRAQ) and tandem mass tags (TMT) have gained
popularity in proteomics. iTRAQ and TMT reagents differ
from ICAT reagents in that the ε-amino group of lysine
and α-amino group of the N-terminal residue in peptides
are modified. The labeled peptides are quantified during
the second mass spectrometry process (MS2) when the
tags are released upon fragmentation of the peptides
(Figure 1). Advantages of the isobaric tags include a
multiplexing capacity of up to eight separate samples in
a single mass spectrometric run. Additionally, because
isobaric tags modify amino groups, which are more
abundant than sulfhydryl groups in most proteins, the
coverage of quantification by iTRAQ and TMT is also
greater than by ICAT.
A large number of studies quantifying the pro
teomes of gastric cancer using the iTRAQ approach
[28]
have been reported. Morisaki et al
applied iTRAQ
to identify potential biomarkers in gastric cancer
stem cells and identified nine proteins that were
overproduced in gastric cancer stem cells. Using
[29]
iTRAQ, Subbannayya et al
defined a set of potential
biomarkers in sera from gastric cancer patients. In
their study, more than 50 proteins were found to
exhibit altered levels in samples from gastric cancer
patients.

Fragmentation

“Shotgun proteomics” resulted from the coupling
of high-performance liquid chromatography with
[20]
ESI technology . In this approach, the proteome
subject to mass analysis is first digested with a
specific protease(s), such as trypsin. The resulting
digest composed of proteolytic peptides from the
entire proteins in the sample is separated by liquid
chromatography before the first mass analysis of the
intact peptides (MS1). Additional information about
the parent peptide ions is obtained by fragmenting
the parent peptides with non-proteolytic methods and
measuring the m/z of product ions in the second mass
[21]
analysis (MS2) .
This non-proteolytic fragmentation step is a key
to peptide identification, as the amino acid sequence
information is inferred from the mass spectra of
[21]
the fragmented peptides . The most common
method used to generate fragment ion spectra
of the selected precursor ions is collision-induced
[22]
dissociation (CID) . Electron transfer dissociation
(ETD), an alternative fragmentation technique, has
some advantages over CID in accurately assessing
post-translational modifications such as glycosylation
and phosphorylation, because ETD tends to preserve
these modifications when the modified peptide is
[23]
fragmented .

QUANTIFICATION METHODS
Instead of providing mere lists of proteins, quantitative
proteomics can deliver information about the
differences in proteomes between two samples, and
this information may be more useful for studying
biological and biochemical processes. The development
of quantitative proteomics owes much to the unique
labeling strategies that enables a mass spectrometer
to distinguish the same proteins or peptides from

WJG|www.wjgnet.com
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Chemical labeling: iTRAQ and TMT

Metabolic labeling: SILAC

Experimental group

Control

Condition 1

Condition 2

Control

Experiment

Grow in light medium

Grow in heavy medium

Condition 3

Protein digestion
Peptide
labeling

Mix lysates 1:1

Mix peptides
Protein digestion

Quantification of peptides by MS1

Quantification of peptides by MS2
MS1

Intensity

Intensity

Intensity

MS2

Reporter ions
m/z

m/z

Figure 1 Schematic overview of labeling strategies used in quantitative proteomics. Chemical labeling utilizes the isobaric tags for relative and absolute
quantification (iTRAQ) and the tandem mass tags (TMT). In this approach, proteolytic peptides from separate samples are labeled with discrete isobaric tags and
pooled. Precursor peptide ions are fragmented (MS2) to generate reporter ions with distinct m/z, whose relative intensities represent the relative abundances of the
peptides producing the corresponding reporter ion. Metabolic labeling represented by the stable isotope labeling with amino acids in cell culture (SILAC) strategy takes
advantage of the metabolic incorporation of heavy amino acids into mature proteins. In this strategy, the relative peak intensities (MS1) represent the abundances of
the precursor peptide ions.

TMT has also been used to quantify gastric cancer
[30]
proteomes. Gao et al
found that 234 mitochondrial
protein genes were differentially expressed in gastric
cancer using TMT. In another study employing TMT,
[31]
Gao et al
revealed that 82 plasma membrane
proteins were dysregulated in gastric cancer.
An alternative to stable isotope labeling technique
is metabolic labeling. This approach takes advantage
of the metabolic incorporation of heavy isotopes in
live cells under culture conditions. Quantification by
metabolic labeling is less error-prone than chemical
labeling because the labels are introduced before the
samples are prepared. Stable isotope labeling with
[32]
amino acids in cell culture (SILAC)
is one of the
most popular metabolic labeling techniques (Figure 1).
[32]
Developed by Ong et al , SILAC labels proteins in the
cells by growing them in the medium containing heavy
amino acids. The most common heavy amino acids
used in SILAC are lysine-4, lysine-8, arginine-6, and
arginine-10. Different combinations of heavy lysines
and arginines can be used such that up to three
simultaneous quantifications are possible as follows: a
light sample (Lys-0 and Arg-0), medium sample (Lys-4
and Arg-6), and heavy sample (Lys-8 and Arg-10).
As trypsin is the most popular protease used for

WJG|www.wjgnet.com

the preparation of peptide mixtures, which cleaves
the carboxyl side of lysine or arginine, the use of
heavy lysine and arginine in SILAC helps increase
the coverage of quantification by ensuring that every
peptide analyzed by the mass spectrometer contains
at least one heavy amino acid. Like labeling with ICAT,
the quantification of proteins labeled with the SILAC
approach is carried out by comparing the intensities
of precursor peptide ions in the MS1 process. Quan
tification employing the SILAC method has been
applied in gastric cancer proteomics. Marimuthu et
[33]
al
studied the secretomes from neoplastic and nonneoplastic gastric epithelial cells using SILAC. The
authors identified 263 proteins that were upregulated
in gastric cancer-derived cells compared to nonneoplastic gastric epithelial cells.

Label-free approaches

Another quantification strategy used in proteomics,
the label-free approach, inherently suffers from low
reproducibility caused by experimental errors and
requires precise optimization of mass spectrometric
[34]
instrumentations . Nevertheless, label-free quan
tification can overcome some of the limitations of
stable isotope labeling strategies. For example, the
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[43]

time-consuming and costly labeling steps can be
eliminated, and the sample numbers are not limited by
the multiplexing capacity (three for SILAC and eight for
iTRAQ or TMT).
Two types of label-free quantification approaches
are routinely used. In spectral counting, the relative
abundance of a specific protein among the samples
is evaluated by the number of tandem mass (MS2)
[35]
spectra that can be matched to the protein .
[36]
Employing this approach, Uen et al
identified
biomarker candidates in plasma samples obtained
from gastric cancer patients. The authors found 17
proteins with differential expression patterns in gastric
cancer.
The second label-free quantitative method requires
high-resolution mass spectrometers and quantifies
the intensities of the precursor peptide ion, in which
the number of possible tryptic peptides from a given
[24]
protein are often used for normalization . Using
[37]
this method, Fan et al
defined novel diagnostic
biomarkers for gastric cancer. The authors analyzed
serum samples from gastric cancer patients and
discovered four deregulated proteins that were
differentially expressed in the patients’ sera. Another
recent label-free quantitative proteomics by Ichikawa
[38]
et al
showed the prognostic importance of a tumor
suppressor PML (promyelocytic leukemia) in treating
gastrointestinal stromal tumors.

al also found that the phosphorylation of 20 proteins
was differentially regulated by H. pylori infection using
IMAC enrichment approach.
Additionally, protein glycosylation has been
mapped in gastric cancer cells. Asparagine, serine, and
threonine residues of proteins are glycosylated in the
endoplasmic reticulum and Golgi apparatus. Increased
glycosylation has been associated with the proliferation
and progression of various cancers, and glycans with
specific structures have been associated with tumor
[44-46]
[47]
malignancy
. Li et al
performed quantitative
proteomic analysis to identify and quantify eleven cell
surface N-glycoproteins with differential expression
patterns in multidrug-resistant (MDR) gastric cancer and
to define the cell surface glycoproteome that is related
to resistance to multiple drugs, including vincristine
(also known as leurocristine) or doxorubicin (e.g.,
Adriamycin), which are used to treat gastric cancer.

Secretome and serum proteome

A systematic assessment of the secretome, i.e., all
secretory proteins from a cell, may provide crucial
insights into cancer biology, as the composition of
proteins that are secreted from cancer tissues differs
from the proteins that are secreted from normal
[48]
tissues . The secretome and serum proteome, i.e.,
all proteins in the blood serum, are considered a major
source of cancer biomarkers, and some important
regulatory proteins that are secreted into the serum
[49]
have been used as tumor biomarkers .
In a study seeking to characterize the serum
proteome from local and invasive gastric cancer,
[50]
Abramowicz et al
analyzed serum samples acquired
from patients with locally advanced or metastatic
cancers and healthy controls. Several proteins with
different abundances were detected in cancer patients,
with no evidence of differences between the patients
[51]
with local and invasive cancers. Loei et al
have
compared the secretomes of AGS and MKN7 cells
using iTRAQ labeling and found that 43 protein genes
were differentially expressed between the two cell
lines. Among these proteins, granulin was confirmed
by immunohistochemistry to be frequently found
in gastric tumor tissues, but it was not found in the
normal gastric epithelia.

MEASURANDS OF MASS
SPECTROMETRY
Post-translational modifications

In addition to quantifying the global proteome,
the analysis and quantitative assessment of posttranslational modifications (PTMs) of a proteome is a
powerful approach to understanding the signal flux in
disease samples, including gastric cancer cell lines and
[39]
tissues. Mann et al
have previously reviewed PTM
analysis by mass spectrometry. Of the many PTMs,
phosphorylation and glycosylation associated with
gastric cancer have been studied using quantitative
proteomic methodologies. When only a minute
fraction of protein is modified at any given time point,
the detection and quantification of PTM by mass
spectrometry are significant challenges.
Due to these technological limitations, mass
spectrometric PTM analysis requires additional sample
preparation steps that enrich the modified peptides.
For instance, phosphoproteome analyses rely on
the enrichment of phosphorylated peptides using an
anti-phosphopeptide antibody, immobilized metal
affinity chromatography (IMAC), or titanium-dioxide
[40,41]
beads
. Using an immobilized phosphotyrosine[42]
specific antibody, Glowinski et al
reported 85
different proteins that exhibited altered phosphorylation
upon infection with Helicobacter pylori (H. pylori), an
organism strongly linked with gastric cancer. Holland et

WJG|www.wjgnet.com

Interactome

As tumor has been defined as a disease of path
[52]
ways , interactome analysis may offer some valuable
insights into cancer biology by offering information
beyond the changes in the abundance of individual
[53]
proteins . In practice, characterizing alterations in
protein-protein interactions in cancer is becoming
more relevant, as many studies have reported that
patients affected by the same type of cancer display
diverse protein expression patterns and activation of
[54-56]
oncogenic kinases
. In these cases, classifications
based on protein-protein interaction subnetworks
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Table 2 Cell line-based summary of recent proteomic analyses of gastric cancer
Cell line
AGS

Ref.

Aim of study
[43]

Holland et al , 2011
Loei et al[51], 2011
Guo et al[68], 2012
Hou et al[69], 2013
Hu et al[72], 2013
Marimuthu et al[33], 2013
Yu et al[57], 2013
Glowinski et al[42], 2014
Goh et al[60], 2015

BGC-823

Lin et al[61], 2015
Cai et al[71], 2013

HGC-27

Goh et al[60], 2015
Qiao et al[62], 2015
Chen et al[77], 2016

MGC-803
MKN7

MKN45

Qiao et al[62], 2015
Loei et al[51], 2011
Guo et al[68], 2012
Yang et al[70], 2012
Hu et al[13], 2013
Yang et al[67], 2014
Goh et al[60], 2015

SGC-7901

Li et al[47], 2013
Goh et al[60], 2015
Qiao et al[62], 2015

Proteins analyzed

Phosphoproteome upon H. pylori infection
20 altered in abundance by H. pylori
Secretome of AGS and MKN7
43 differed
Plasma membrane proteome
1473 identified
Biomarkers for GC metastasis
19 increased and 34 decreased in metastasis
Global profile of miR-148a-regulated
55 altered by miR-148a
proteins
Secretome
263 increased and 45 decreased in GC
Interactome of VCP
288 putative partners, including 18 PI3K/Akt
proteins
Tyrosine signaling upon H. pylori
85 altered by H. pylori
transfection
Membrane proteome of 11 GC cell lines 882 altered, including 57 increased in ≥ 6 cell
lines
Tanshinone IIA regulation
102 altered by tanshinone IIA treatment
Effects of curcumin on viability and
75 altered by curcumin treatment
apoptosis
Membrane proteome of 11 GC cell lines 882 altered, including 57 increased in ≥ 6 cell
lines
Proteomes of three GC cell lines
9 altered
Proteome with FAF1 or H. pylori
157 altered by FAF1, 500 by H. pylori and 246
by both
Proteomes of three GC cell lines
9 altered
Secretome of AGS and MKN7
43 differed
Plasma membrane proteome
1473 identified
Membrane proteome
175 altered
Proteome changes following CXCR1
16 increased and 13 decreased by CXCR1
knockdown
knockdown
Proteome changes following NAIF1
5 increased and 3 decreased by NAIF1
overexpression
overexpression
Membrane proteome of 11 GC cell lines 882 altered, including 57 increased in ≥ 6 cell
lines
Cell surface glycoproteome of MDR
11 altered in MDR cell lines
Membrane proteome of 11 GC cell lines 882 altered, including 57 increased in ≥ 6 cell
lines
Proteomes of three GC cell lines
9 altered

Validation

1

No
IHC/WB
IHC
IHC/WB
WB
IHC
WB
No
WB
WB
No
WB
IHC/WB
WB
IHC/WB
IHC/WB
IHC
IHC/WB
WB
WB
WB
WB
WB
IHC/WB

1

Validation indicates whether a selected set of altered proteins have been validated using immunohistochemistry (IHC) or Western blot (WB) or have
not been (No). The cell line studies are listed in the order of publication year and then in alphabetical order by the first author. CXCR1: C-X-C chemokine
receptor type 1; FAF1: Fas-associated factor 1; GC: Gastric cancer; H. pylori: Helicobacter pylori; MDR: Multidrug resistance; NAIF1: Nuclear apoptosisinducing factor 1; VCP: Valosin-containing protein.

offered greater accuracy than classifications based on
[55]
individual marker genes .
For this reason, interactome analysis represents
an attractive avenue for understanding gastric cancer
biology, although its broad applications remain to be
established. The first interactome analysis of gastric
cancer was performed with valosin-containing protein
(VCP), a protein associated with H. pylori-induced
[57]
gastric cancer . In seeking the interacting partner
[57]
proteins for VCP, Yu et al
immunoprecipitated VCP
and then performed a quantitative mass spectrometric
analysis. The authors identified 288 putative binding
partners of VCP in the AGS gastric cancer cell line,
providing unexpected new insights into the function of
H. pylori in gastric cancer.

in which antibodies recognize and identify specific
proteins. Targeted proteomics is emerging as an
alternative approach to discovery proteomics or
immunoassays, particularly when pre-defined analytes
are present at low levels and no reliable antibodies are
available.
Selected reaction monitoring (SRM) is the most
common approach used for targeted proteome
measurements and requires a triple-quadrupole mass
[58]
spectrometer, as previously reviewed by Picotti et al
In SRM, a peptide precursor ion from a specific protein
with a particular m/z is selected in the first phase of
tandem mass spectrometry, and a signature product
ion is produced by fragmenting the precursor ion and
detected by the second phase of mass spectrometry.
The sensitivity and reproducibility of SRM are
greater than conventional discovery-based mass
spectrometry because only a set of predefined
proteins is programmed to be analyzed by the SRM
mass spectrometer. Another advantage of SRM lies in
its speed. After SRM assays have been defined, they

Targeted proteome

In targeted proteomics, prior knowledge of analytes is
necessary, which is an attribute not essential for the
aforementioned discovery-based proteomics. In this
regard, targeted proteomics is similar to immunoassays,
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[64]

are significantly faster than a typical discovery-based
mass spectrometry. In addition, the measurements
can be multiplexed such that one can measure
hundreds or even thousands of peptides in a single
mass spectrometric run. The SRM approach has been
successfully exploited to test the specificity of afamin,
clusterin, haptoglobin, and vitamin D-binding protein
[59]
as potential serum biomarkers of gastric cancer .

recently and are reviewed in detail by Tsai et al , Liu
[65]
[66]
et al , and Lin et al We briefly discuss some cases in
which the quantitative proteomic approaches described
in this review are applied.
In an effort to identify membrane-originated
[67]
biomarkers of gastric cancer, Yang et al
compared
the relative abundances of membrane proteins from
gastric cancer and control samples using the iTRAQ
technique. Upregulation of the plasma membrane
protein SLC3A2 in gastric cancer cells was validated
by immunoblotting of a panel of thirteen gastric
cancer cell lines and immunohistochemistry on tissue
microarrays comprising 85 matched pairs of normal
and tumor tissues.
Plasma membrane proteomes, including cluster of
differentiation proteins and receptor tyrosine kinases,
have been the subject of another biomarker search.
[68]
A proteomic investigation by Guo et al
showed
that four proteins, MET proto-oncogene receptor
tyrosine kinase (MET), ephrin type A receptor 2
(EPHA2), fibroblast growth factor receptor 2 (FGFR2),
and integrin beta 4 (ITGB4), were upregulated in
tumor tissues from 90% gastric cancer patients.
Furthermore, three of them, MET, EPHA2, and FGFR2,
were upregulated in all intestinal-type gastric cancers
from this cohort.
In another attempt to identify potential biomarkers
[33]
of gastric cancer, Marimuthu et al
quantified the
secretome of gastric cancer by SILAC. The authors
were able to identify and validate several gastric
cancer biomarkers, including proprotein convertase
subtilisin/kexin type 9, lectin mannose binding protein
2, and PDGFA-associated protein 1.
Biomarker candidates for gastric cancer metastasis
have also been identified by quantitative proteomics.
[69]
Hou et al
compared metastatic and non-metastatic
gastric cancer cell lines with iTRAQ methods. The
authors discovered that caldesmon was downregulated
in metastasis-derived cell lines, which was confirmed
by a further analysis of seven gastric cancer cell lines.
In this study, knockdown of caldesmon in gastric
cancer cells lead to an increase in cell migration and
invasion, whereas upregulation of caldesmon resulted
in a decrease in the phenotype.

Gastric cancer cell lines

Several gastric cancer cell lines have been subjected
to recent mass spectrometric analyses as a model
mimicking gastric cancer. These studies are summa
rized in Table 2. In a recent study aimed at defining
[60]
the proteomes of gastric cancer, Goh et al
have
quantified the membrane proteomes of eleven gastric
cancer cell lines, including AGS, HGC-27, MKN45, and
SGC-7901 cells. A total of 882 proteins were detected,
and 57 proteins were upregulated, with a greater
than 1.3-fold change in at least six of the eleven cell
lines. Depletion of DLAT, a subunit of the pyruvate
dehydrogenase complex that was upregulated, reduced
cell proliferation. This study contributed to the recent
interest and discussion in cancer energetics and related
phenomena, such as the Warburg and reverse Warburg
effects.
In another proteomic analysis of AGS cells, the
most intensively studied cell line in gastric cancer
[61]
proteomics, Lin et al
sought to elucidate the
mechanism of tanshinone IIA (TIIA) regulation. TIIA
is a plant extract used in traditional Chinese herbal
medicine that has been reported to have anti-tumor
potential against gastric cancer. The authors reported
that the cellular levels of the 102 unique proteins were
altered upon TIIA treatment.
Other gastric cancer cell lines have also been
[62]
adopted for proteomic analysis. Qiao et al
have
quantified the proteomes from SGC-7901, HGC-27,
and MGC-803 cells. The authors have found that
filamin c and a large actin-cross-linking protein were
significantly downregulated, establishing functional
roles for these proteins in gastric cancer.

PROTEOMIC BIOMARKERS
Quantitative proteomic analyses can provide information
on proteins that are differentially abundant in cancerous
tissues. These proteins, if verified, may serve as
biomarkers for the diagnosis and prognosis of cancer
and could be extremely useful for clinical purposes.
A mass spectrometry-based cancer biomarker study
typically starts with the aforementioned discoverybased proteomics by assessing the differences in the
proteome profiles in small cohorts or model systems.
Once candidate biomarkers are identified, orthogonal
methodologies, such as antibody-based assays, are
[63]
applied for biomarker validation and verification .
An increasing number of studies have adopted mass
spectrometry to identify gastric cancer biomarkers
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CONCLUSION
Due to the progress made in mass spectrometry
and quantitative proteomics over the past decade,
it is now possible to probe thousands of proteins in
a complex proteome. These technological advances
include streamlined sample preparation, novel labeling
strategies, and improved instrumentation, all of which
contribute to the identification of gastric cancer-specific
biomarkers, with increasing sensitivity and accuracy.
Armed with these advanced proteomics technologies,
research endeavors are seeking precise assessments
of protein abundance, PTM, and protein-protein
interactions that could help define the molecular
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signatures of gastric cancer susceptibility.
One remaining question is how these state-of-art
technologies can be used in clinics and can make a
bigger impact on the real-world management of gastric
cancer. In this regard, one could envision the entrance
of targeted proteomics into the realm of persona
lized diagnostics and medicine. Targeted proteomics
can provide sensitivity and reproducibility, the core
requirements for the technology to be applied to these
new and exciting fields. In this scenario, once the key
molecular determinants of gastric cancer are defined
with time-consuming, discovery-based proteomics,
targeted proteomics approaches, such as SRM, could
be utilized for the rapid and reproducible monitoring of
these key molecules and their networks for individual
diagnostics or analyses of treatment responses.
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Nonalcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease in the United States
and represents an increasingly important etiology of
hepatocellular carcinoma (HCC) with annual cumulative
incidence rates ranging from 2% to 12% in cohorts of
NAFLD cirrhosis. While the risk of progression of NAFLD
to HCC remains higher among patients with fibrosis or
cirrhosis, an increasing amount of literature describes
NAFLD-HCC as a disease that can occur in the absence
of cirrhosis. Efforts to characterize the pathogenesis
of NAFLD-HCC have suggested mechanisms that
strongly associate with states of hyperinsulinemia and
chronic inflammation, cellular mechanisms including
adaptive immune responses and hepatic progenitor
cell populations, and genetic polymorphisms including
mutations of PNPLA3. Current literature describes
NAFLD-HCC mostly as a disease of late presentation
with lower rates of receipt of curative therapy and worse
prognosis. However, a growing body of evidence has
reported comparable and potentially more favorable
disease-free and overall survival rates among patients
with NAFLD-HCC after receipt of curative treatment. This
review summarizes current evidence of epidemiology,
pathophysiology, disease presentation, demand and
receipt of curative therapy, post-treatment outcomes,
and overall survival of NAFLD-associated HCC.
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The prevalence of NAFLD will continue to grow
in a setting of increasing rates of obesity, diabetes,
dyslipidemia, and other disorders associated with
the metabolic syndrome which are closely related to
[6,8-16]
NAFLD
.
The risk of progression to cirrhosis among patients
with NAFLD is approximately four to 20% depending
[6,17]
on the severity of necrosis and fibrosis
. Although
the risk of developing NAFLD-HCC from NAFLD
cirrhosis is not clearly delineated, the cumulative
incidence of HCC from NAFLD cirrhosis has been
reported as 2.4% and 12.8% over a median follow[16,18,19]
up of 3.2 to 7.2 years
. A large single-center
cohort study reported an annual HCC incidence of 2.6%
[18]
among patients with NAFLD cirrhosis .

Core tip: This review summarizes the epidemiology,
pathogenesis, disease presentation, demand and
receipt of curative treatment, and post-treatment
outcomes of hepatocellular carcinoma (HCC) in
nonalcoholic fatty liver disease (NAFLD). The review
highlights the developing understanding of NAFLD-HCC
pathogenesis, which has broadened to include genetic
polymorphisms, adaptive immune responses, and
cellular regenerative pathways using hepatic progenitor
cell populations. While NAFLD-HCC has been described
to have poorer prognosis as compared with other HCC
etiologies, this review features summarized evidence
that disease-free and survival rates among patients
with NAFLD-HCC are comparable and potentially
favorable after receipt of curative treatment.

NAFLD-HCC without cirrhosis

Wong CR, Nguyen MH, Lim JK. Hepatocellular carcinoma
in patients with non-alcoholic fatty liver disease. World J
Gastroenterol 2016; 22(37): 8294-8303 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i37/8294.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i37.8294

While previous studies have described fibrosis pro
gression in NAFLD and its risk of cirrhosis and HCC,
recent reports increasingly recognize NAFLD-HCC as an
[6,16,20-27]
entity that can occur in the absence of cirrhosis
.
In fact, up to 50% of incident NAFLD-HCC may occur
[6,28]
without cirrhosis
. In a recent Veterans Administration
(VA) study, 34.6% of patients with NAFLD-HCC did not
[23]
have diagnostic evidence of cirrhosis .
Notably, liver biopsy was performed in 52.4% of the
[23]
study cohort . While only 8% of patients in this cohort
had NAFLD, the study demonstrated that patients
with NAFLD had the greatest odds of developing HCC
in the absence of cirrhosis in comparison to other
etiologies including chronic hepatitis B virus (HBV),
HCV, and alcoholic liver disease (ALD) (adjusted odds
[23]
ratio 3.9 when compared with HCV) . Another large
United States study comprised of three tertiary care
centers identified 157 patients, who underwent surgical
resection for HCC, with histological evidence of noncirrhotic hepatic steatosis after excluding patients
with viral hepatitis, alcohol abuse, autoimmune
hepatitis, primary biliary cholangitis, primary sclerosing
cholangitis, hemochromatosis, alpha-1-antitrypsin
[20]
deficiency, and Wilson disease . The study revealed
that 80% of cases were associated with stage 0 liver
[20]
fibrosis and only 15% had steatohepatitis .

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
prevalent cancer and third most common cause of
[1-3]
cancer-related mortality worldwide . In the United
States, the overall incidence of HCC has increased
approximately four-fold from 1.5 cases per 100000
[3]
in 1973 to 6.2 cases per 100000 in 2011 . Rates of
mortality are similar to rates of incidence of HCC in
[1,3]
the United States . Based on recent analysis using
the Surveillance, Epidemiology, and End Results
(SEER) 18 database, the estimated annual incidence
of HCC is 6.2 cases per 100000 and the incidence[3]
based mortality rate is 5 cases per 100000 . A recent
United States report revealed that while the overall
rate of cancer-related deaths has declined, mortality
from liver cancer has increased at the highest rate as
compared with all other reported cancers from 2003
[4]
to 2012 . While most cases of HCC in the United
States are attributable to chronic hepatitis C virus
(HCV) infection, there has been growing evidence to
suggest that nonalcoholic fatty liver disease (NAFLD) is
projected to become a leading cause of HCC incidence
[5-7]
[7]
and mortality . A recent study by Younossi et al
revealed that the annual incidence of NAFLD-HCC
based on a SEER- Medicare cohort has grown by 9%
per year from 2004 to 2009.
The prevalence of NAFLD-HCC is expected to rise
in concurrence with the proportion of NAFLD among
adults in the United States population. In the Western
world, NAFLD is already the most common chronic
liver condition with an estimated prevalence of 30%
in the United States, although a previous cohort has
[6,8-10]
reported prevalence as high as 46%
.
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PATHOPHYSIOLOGY
Although our understanding of the pathogenesis
of NAFLD-HCC remains limited, several proposed
mechanisms have been described including chronic
inflammation in the setting of hyperinsulinemia or
metabolic syndrome, cellular mechanisms including
hepatic progenitor cells and adaptive immune responses,
and genetic polymorphism including variations of
patatin-like phospholipase domain-containing protein 3
(PNPLA3) (Figure 1).

Hyperinsulinemia

Carcinogenic features of the metabolic syndrome
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Hyperinsulinemia
Tumor growth
↑ IGF1, ↑ IRS-1,
↓ M6P/IGF2R1
Inflammatory milieu
↑ FFA, ↑ ROS1,
↑ proinflammatory
cytokines (TNF-α,
IL-6, leptin), ↑ STAT3,
↑ JNK1, ↓ adiponectin

Hepatocellular carcinoma

Cellular mechanisms
Hepatic progenitor cells
Hedgehog signaling
Adaptive immune responses
↑ CD8+ T lymphocytes,
↑ natural killer cells,
↓ CD4+ T lymphocytes

Genetic polymorphism
1

PNPLA3 mutations

Figure 1 Proposed mechanisms of nonalcoholic fatty liver disease-hepatocellular carcinoma. 1Mechanism has been identified in nonalcoholic fatty liver
disease in the absence of cirrhosis. IGF-1: Insulin-like growth factor-1; IRS-1: Insulin receptor substrate-1; M6P/IGF2R: Mannose 6-phosphate/insulin-like growth
factor-2 receptor; FFA: Free fatty acids; ROS: Reactive oxidative species; TNF-α: Tumor necrosis factor-alpha; IL-6: Interleukin-6; STAT3: Signal transducer and
activator of transcription; JNK1: c-Jun amino-terminal kinase 1; PNPLA3: Patatin-like phospholipase domain-containing protein 3.

including uninhibited tumor growth, chronic inflam
mation, increased production of proinflammatory
cytokines like c-Jun amino-terminal kinase 1 (JNK1),
and reduction of anti-inflammatory proteins like
adiponectin are mechanisms seen in NAFLD. NAFLD
is a hepatic manifestation of the metabolic syndrome
and considered a mechanism through which metabolic
[29]
syndrome could lead to HCC .

proliferation in conditions of inflammation and oxidative
stress that can lead to mutations, dysplasia, and ev
[14]
[33]
entually carcinogenesis . A study by Park et al
described HCC development in the setting of obesity as
a function of enhanced TNF-α and IL-6 expression. In
addition to causing hepatic inflammation, both cytokines
activate signal transducer and activator of transcription
3 (STAT3), an oncogenic transcription factor, which can
enhance proliferation and progression of hepatocytes
that can acquire oncogenic mutations that lead to tumor
[33]
development . Interestingly, leptin has been described
in liver carcinogenesis via upregulation of telomerase
reverse transcriptase leading to immortalization of
[34]
tumor cells in HCC .
ROS are implicated in carcinogenesis through
[35]
dysregulation of the cell cycle . A mouse model
demonstrated that mitochondria in fatty livers have
accelerated production of superoxide anions as
[35]
compared with mitochondria in normal livers . A
case report from Japan described a patient without
cirrhosis and with NAFLD-associated HCC that had
localized markers of oxidative cellular injury (e.g., antioxidized phosphatidylcholine) in tumorous and nontumorous steatotic hepatocytes, which suggests that
the prevalence and persistence of oxidative injury in
the setting of steatosis is related to the development
[36]
of HCC . Therefore, the presence of increased
oxidative species as a suspected function of chronic
cell stress is associated with cell injury, apoptosis,
and compensatory proliferation, which can enhance
mutation formation and cancer cell growth.

Tumor growth: Uninhibited and dysregulated cell
growth in the setting of hyperinsulinemia has been
described as a function of insulin-like growth factor-1
(IGF-1), mannose 6-phosphate/insulin-like growth
factor-2 receptor (M6P/IGF2R), and insulin receptor
[14,30,31]
substrate-1 (IRS-1)
. IGF-1, a peptide hormone
upregulated in hyperinsulinemia, facilitates cellular
[14]
proliferation and inhibits cell death . The M6P/IGF2R,
a tumor- suppressor gene, regulates cell growth by
inhibiting cell proliferation and promoting apoptosis
via transforming growth factor-beta and insulin[31]
like growth factor-2, respectively . Interestingly,
mutations of M6P/IGF2R are seen in HCC and have
been identified even in the absence of viral hepatitis
[31]
and liver cirrhosis . IRS-1, an intracellular protein
that promotes cell growth via cytokine signaling,
is overexpressed (> 200%) in HCC tumors, which
induces a downstream signaling effect that promotes
[30]
tumor cell growth and enhances tumor progression .
Inflammatory cascade: Hyperinsulinemia also
triggers an inflammatory milieu involving free fatty
acids (FFA), proinflammatory cytokines, reactive
[14,32-35]
oxidative species (ROS), JNK1, and adiponectin
.
A high insulin state promotes release of FFA from
adipocytes, which promotes steatosis, and in the
setting of inflammation fostered by proinflammatory
[14]
cytokines, can lead to cirrhosis and HCC .
Accelerated production of proinflammatory cyto
kines, including tumor necrosis factor-alpha (TNF-α),
interleukin-6 (IL-6), and leptin, promotes a chronic
cycle of hepatocyte injury, apoptosis, and compensatory
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JNK1: The combination of proinflammatory cytokines,
ROS, and FFA activates JNK1, a protein kinase that
has increased activity in the setting of obesity and
[32]
insulin resistance, and in turn phosphorylates IRS-1 .
JNK1 has been demonstrated to promote develop
ment and proliferation of HCC through epigenetic
[37]
[37]
mechanisms . Chang et al
described the as
sociation of JNK1 activity with alterations in histone
H3 methylation in HCC, which leads to sustained
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expression of genes that promote cell proliferation and
repression of genes responsible for cell differentiation
and tumor suppression.

in NAFLD, the role of hepatocyte-derived lipid secretion
causing selective CD4+ T lymphocyte loss highlights a
novel function of the adaptive immune system in this
disease.

Adiponectin: A decreased amount of adiponectin, an
anti-inflammatory polypeptide, in the setting of obesity
[14,38]
has also been described in HCC pathogenesis
.
Adiponectin has been identified as a negative regulator
of angiogenesis and inhibitor of primary tumor growth
via decreased neovascularization and enhancement
[38]
of tumor cell apoptosis . Repression of adiponectin
activity in the setting of hyperinsulinemia allows
uninhibited tumor cell growth, which can subsequently
lead to HCC in NAFLD.

Genetic polymorphism

Variation in PNPLA3: Another mechanism that has
been associated with the pathogenesis of NAFLDHCC focuses on genetic risk, specifically variation
in PNPLA3. A genome-wide association analysis
of 9229 genetic variants of PNPLA3 revealed that
homozygous carriers of the I148M variant protein
of PNPLA3 had a > 2-fold higher hepatic fat content
[45]
than noncarriers . Furthermore, the I148M variant
protein was more prevalent in the group at highest
[45]
[46]
risk of NAFLD . Similarly, a study by Liu et al
identified that the PNPLA3 rs738409 C→→G single
nucleotide polymorphism, which encodes the I148M
variant protein, demonstrated a gene-dosage effect
in which an increased number of G alleles present
(i.e., homozygous G allele) was associated with an
increased incidence of NAFLD-HCC with an odds ratio
as high as 12.19 when compared with the general UK
population. Interestingly, the PNPLA3 rs738409 C→→
G polymorphism was associated with NAFLD-HCC risk
[46]
independent of the presence of cirrhosis .

Cellular mechanisms

Hepatic progenitor cell populations: NAFLDrelated hepatocyte injury induces Hedgehog signaling,
a complex cellular pathway for tissue repair and
regeneration. One of the main mechanisms activated
through Hedgehog signaling includes mobilization
of hepatic progenitor cell populations to replace
damaged hepatocytes. While essential for liver repair,
aberrations in liver progenitor population activation
can lead to impaired repair and dysregulated
proliferation of hepatocytes which can potentiate
[39,40]
carcinogenesis
.
Current data suggest that greater duration and
degree of cell injury as seen in NAFLD lead to
overstimulation of Hedgehog signaling, which can
result in dysregulated cellular repair and malignant
[40,41]
transformation
. The development of HCC has
been described as a function of aberrant Hedgehog
hyperactivity as progenitor cells activated through
Hedgehog could survive independently from regulation
of nuclear localization of nuclear factor-kappa B (NFκB) and thereby less susceptible to NF-κB-driven
[42]
apoptosis .

PRESENTATION AT DIAGNOSIS
Patients with NAFLD-HCC generally have a more
advanced presentation of HCC at the time of
[14,28,47,48]
diagnosis
. A VA cohort study by Mittal et
[47]
al
revealed that in comparison to HCV-related HCC,
fewer cases of NAFLD-HCC were diagnosed in early
HCC stages or Barcelona Clinic Liver Cancer (BCLC)
stage A (5.8% vs 15.7%, P = 0.04) and more cases
were diagnosed in terminal stages of HCC or BCLC
stage D (19.2% vs 16.1%, P = 0.04). A recent
[28]
study by Piscaglia et al
also revealed a significantly
greater proportion of patients with NAFLD-HCC who
presented in advanced stages as compared with
patients with HCV-HCC (BCLC stage C 33.1% vs
23.9%, respectively, P = 0.033).
Advanced stage at presentation among patients with
NAFLD-HCC is likely attributable to delayed diagnosis
in the setting of suboptimal HCC surveillance among
patients with cirrhosis and no surveillance among
[28,47]
patients without cirrhosis or unrecognized cirrhosis
.
In an Italian cohort study, a significantly lower
proportion of patients with NAFLD-HCC underwent
surveillance as compared with those with HCV-HCC
[28]
(47.6% vs 63.3%, P = 0.001) . In the United States,
[47]
Mittal et al reported that fewer patients with NAFLDHCC had surveillance within three years before their
HCC diagnosis as compared with patients with ALD
and HCV. Approximately 43% in the NAFLD-HCC group
had HCC surveillance within three years of diagnosis as
compared with 60% and 87% in the ALD- and HCV-

Adaptive immune responses: Recent studies have
revealed the potential role of the adaptive immune
system, specifically the roles of CD8+ T lymphocytes,
natural killer cells, and CD4+ T lymphocytes in the
[43,44]
development of NAFLD-associated HCC
. From
feeding mouse models with choline-deficient and
[44]
high-fat diets, Wolf et al
described the metabolic
activation of intrahepatic CD8+ T lymphocytes and
natural killer cells, which in turn, synergistically with
inflammatory cytokines, cause liver damage and
[43]
induce carcinogenesis. Ma et al
demonstrated in
mouse models of NAFLD-HCC that selective CD4+ T
lymphocyte depletion results from NAFLD and leads
to enhanced carcinogenesis. Hepatocytes derived
from NAFLD-HCC mice exhibited increased linoleic
acid secretion, which promoted selective CD4+ T
lymphocyte death through increased mitochondrial[43]
derived ROS generation . While deregulated lipid
metabolism and inflammation have been characterized
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Table 1 Summary of survival outcomes for presumed nonalcoholic fatty liver disease-hepatocellular carcinoma undergoing curative
therapies
First author

Study design

Study period

Study location

1

Number of
NAFLDHCC cases

Treatment

Survival outcomes
Overall survival

Disease-free survival
1-yr: 84%3
3-yr: 70%3
5-yr: 60%3
NA

Reddy

Retrospective
cohort

2000-2010

Single-centered
(United States)

52

OLT, resection,
RFA2

Wong

Retrospective
cohort

2002-2012

Multi-centered (United
States)

NA4

OLT

Prospective cohort

2010-2012

Multi-centered (Italy)

49

Retrospective
cohort
Retrospective
cohort

NA

Single-centered
(United States)
Single-centered
(Canada)

17

OLT, resection,
RFA
OLT

1-yr: 90%3
3-yr: 72%3
5-yr: 65%3
1-yr: 87.5%
3-yr: 79.8%
5-yr: 65.5%
1-yr: 90%-95%3
3-yr: 85%-90%3
1-yr: 85%-90%3

17

OLT

NA

Single-centered
(France)
Single-centered
(Japan)
Single-centered
(Japan)

625

Resection

17

Resection

1-yr: 83%
3-yr: 75%
5-yr: 59%

1-yr: 95%3
3-yr: 95%3
5-yr: 85%3
1-yr: 83%
3-yr: 70%
5-yr: 66%

366

Resection, RFA,
PEI, MCT

1-yr: 94%
3-yr: 85%
5-yr: 54%

1-yr: 89%
3-yr: 68%
5-yr: 54%

Piscaglia
Malik
HernandezAlejandro
Cauchy
Wakai
Takuma

Retrospective
cohort
Retrospective
cohort
Retrospective
cohort

2000-2011

2000-2011
1990-2007
1992-2009

NA
NA

1

Total cohort underwent one treatment unless otherwise specified; 2Four patients had both RFA and resection; 3Survival rates were not reported in the text;
Total number of NAFLD-HCC cases was not reported as analysis of outcomes among HCC cases secondary to NAFLD was done in a subanalysis. Total
HCC cases in the cohort was 5326; 5Metabolic syndrome was used as a surrogate for NAFLD after exclusion of chronic hepatitis B or C infection, excessive
alcoholic consumption, alcoholic liver disease, and hemochromatosis; 6Crytogenic cirrhosis was used as a surrogate for NAFLD after exclusion of chronic
hepatitis B or C infection, alcohol consumption, primary biliary cholangitis, autoimmune hepatitis, primary sclerosing cholangitis, alpha 1-antitrypsin
deficiency, Wilson’s disease, and hemochromatosis. Estimates are determined from the Kaplan Meier figures. NAFLD: Nonalcoholic fatty liver disease;
HCC: Hepatocellular carcinoma; OLT: Orthotopic liver transplantation; RFA: Radiofrequency ablation; PEI: Percutaneous ethanol injection; MCT:
Microwave coagulation therapy; NA: Data not available.
4

[47]

related HCC groups, respectively

[47]

.

with 21.9% of the HCV-related HCC group .
Furthermore, in comparison to the HCV-related
group, more patients in the NAFLD- HCC group
[47]
received no treatment (77.5% vs 61.5%) . An
Italian study showed that fewer patients with NAFLDHCC received resection as compared with patients
[28]
with HCV-HCC (19% vs 11%, P = 0.002) . A large
United States population-based study using SEER
data revealed that 5.7% of patients with NAFLD-HCC
received OLT as compared with 11.3%, 6.4%, and 6%
of patients with HCC secondary to HCV, HBV, and ALD,
[7]
respectively . Similarly, a European cohort revealed
that none of its 45 cases of NAFLD-HCC received OLT
[48]
as primary therapy .

CURATIVE TREATMENTS AND
OUTCOMES
Demand and receipt of curative treatment

Recipients of curative treatment, which includes
orthotopic liver transplantation (OLT), resection,
and radiofrequency ablation (RFA), have favorable
[3]
survival outcomes . In concurrence with the growing
incidence of NAFLD-HCC, studies have reported an
increasing demand for curative treatment, especially
[49,50]
OLT and resection
. NAFLD has become the
second leading etiology among OLT cases for HCC
[49]
[49]
since 2006 . Wong et al
reported that OLT for
NAFLD-HCC has increased four-fold in the United
States from 2002 to 2012. Over the past decade, the
proportion of resections of HCC in the setting of NAFLD
[50]
[50]
has also increased . A study by Cauchy et al
demonstrated a continuous increase in the number of
patients undergoing resection for HCC from 2.5% in
2000 to more than 15% in 2011.
Interestingly, patients with NAFLD-HCC have
been recognized as less likely recipients of curative
[7,47]
therapy
. In a VA cohort, only 10.8% of the NAFLDHCC group received curative treatment as compared

WJG|www.wjgnet.com

Survival outcomes from curative treatment

Data on outcomes of patients who receive curative
therapy for NAFLD-HCC remain scarce as most
available studies are limited to small sample sizes,
surrogate diagnoses of NAFLD (i.e., metabolic
syndrome, cryptogenic cirrhosis), or grouped treatment
outcomes (i.e., OLT, resection, RFA combined). Based
on the available data, the recurrence and survival rates
of NAFLD-HCC appear similar to other etiologies of
[28,50-56]
HCC who undergo treatment with curative intent
(Table 1).
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OLT for NAFLD-HCC: A United States cohort study
of patients who underwent curative treatment for HCC
identified 20 patients who received OLT for NAFLDHCC and 83 who received OLT for HCC secondary to
[52]
HCV and/or ALD . No significant difference existed
in disease-free survival and overall survival in patients
who received OLT for HCC over a median follow-up of
[52]
50 mo .
In a retrospective cohort using United Network
for Organ Sharing data from 2002 to 2012, Wong et
[54]
al
reported comparable survival rates at one, three,
and five years between those who received OLT for
HCC secondary to NAFLD, HCV, ALD, or HCV and ALD
(P = 0.99). Survival at one year post-OLT for HCC
was 87.5% for nonalcoholic steatohepatitis (NASH)
(vs 88.5% for HCV, 90.2% for ALD, 88.7% for HCV
[54]
and ALD) . At three years, survival for NAFLD-HCC
was 79.8% as compared with 73.9%, 73.3%, and
[54]
75% for HCV, ALD, and HCV and ALD, respectively .
Five- year survival data remained similar between all
etiologies of HCC in the cohort: 65.5% for NAFLD,
65.7% for HCV, 63.9% for ALD, and 65.7% for HCV
[54]
and ALD . Rates of graft survival were also not
significantly different between all HCC etiologies, and
patient survival was similar across groups (84.3%,
77%, and 63.1% at year one, three, and five,
[54]
respectively for NAFLD-HCC) .
Another United States cohort study by Malik et
[51]
al
retrospectively reviewed 17 patients with NASHrelated cirrhosis who underwent OLT with and without
known HCC. When compared with the group of
patients with NASH-related cirrhosis without HCC, the
group with NAFLD-HCC had similar survival (88%)
[51]
over a mean follow-up period of 2.5 years .
A Canadian retrospective cohort study described
disease-free survival in 81 cases of liver transplant
recipients, which included 64 with HCV-related HCC
[55]
and 17 patients with NAFLD-HCC . Over a 10-year
follow-up period, disease-free survival in the HCV and
NAFLD groups were approximately 65% and 85%,
[55]
respectively (P = 0.11) . While the NAFLD group
had a similar number and cumulative size of tumors
as compared with the HCV group, the NAFLD group
had a significantly lower proportion of patients with
[55]
vascular invasion and poorly differentiated HCC .
Therefore, NAFLD-HCC can have favorable, and
potentially better tumor recurrence rates than their
HCV counterparts as demonstrated by their trend
towards greater disease-free survival (85% vs 65%)
in the setting of less aggressive HCC presentation at
diagnosis.

in the setting of NASH and not specifically HCC can
[57-59]
provide supplementary information
.
A retrospective cohort study at a single large
transplant center in the United States compared
post-OLT outcomes for NASH cirrhosis and alcoholic
[57]
cirrhosis . Estimates of patient survival at nine
years post-OLT were comparable between those
who received transplantation for alcoholic cirrhosis or
[57]
biopsy- or ultrasound-confirmed NASH (P = 0.30) .
Survival at one, three, five, and nine years were 78%,
78%, 78%, and 52%, respectively, in the NASH group
vs 92%, 86%, 86%, and 76%, respectively, in the
alcoholic cirrhosis group. Rates of graft failure were
similar between both groups (24% in NASH vs 18%
[57]
in alcoholic cirrhosis group, P value 0.40) . Acute
rejection (41% vs 23%) and recurrent steatohepatitis
(33% vs 0%) were significantly more common in the
NASH group as compared with the alcohol group;
however, neither complication was associated with
[57]
higher rates of re-transplantation .
A United States cohort study by Yalamanchili et
[58]
al
retrospectively identified patients who underwent
OLT for cryptogenic cirrhosis (n = 239) or NASHrelated cirrhosis (n = 18) after biopsy confirmation
and exclusion of HCV and alcoholic cirrhosis. In
comparison to a miscellaneous group that included
other indications for OLT, survival at one, five, 10,
and 20 years was similar (85.6% vs 86.3%, 71.4%
vs 69.9%, 56.5% vs 52.7%, 12.6% vs 20.6%,
respectively between the cryptogenic/NASH group vs
[58]
miscellaneous group) . Post-OLT mortality was more
likely from cardiovascular disease (21.2% vs 14.1%
of deaths) and less likely from recurrent liver disease
(0.7% vs 10.2%) in patients with cryptogenic/NASH
cirrhosis as compared with those who underwent
[58]
transplantation for other indications .
An analysis of outcomes for primary OLT from the
Scientific Registry of Transplant Recipients database
from 2001 to 2009 compared 1959 patients who
underwent OLT for NASH with 33822 patients who
had OLT for other indications including cryptogenic
cirrhosis, HCV, ALD, HBV, primary biliary cholangitis,
primary sclerosing cholangitis, and autoimmune
[59]
hepatitis . One- and three-year survival was not
significantly different between post-OLT patients
who underwent transplant for NASH (84%, 78%) vs
cryptogenic cirrhosis (86%, 79%) vs others (87%,
[59]
78%) (P = 0.67) . Graft survival remained similar
and comparable between all groups (76% for NASH at
[59]
three years) .
Liver resection for NAFLD-HCC: In addition to
OLT, outcomes of liver resections have been studied
[50,53]
[50]
for NAFLD-HCC
. Cauchy et al
assembled
a cohort of 62 patients with HCC in the setting of
metabolic syndrome as a surrogate for NAFLD after
exclusion of other etiologies of HCC including HCV,
HBV, ALD, hemochromatosis, and autoimmune liver
disease who underwent surgical resection. Overall

OLT for NAFLD-cirrhosis: Literature on post-OLT
outcomes among those who undergo transplantation
for N A F L D - H C C remains limited. Given the
comparable rates of post-OLT survival between those
who undergo transplantation for NALFD-related
cirrhosis without HCC and those with HCC, inclusion of
a few relevant studies that assess post-OLT outcomes
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[53]

survival and disease-free survival rates were 83% and
83%, respectively, at one year and 75% and 70%,
[50]
respectively, at three years .
In a Japanese cohort study, a group of 17 patients
with NAFLD was compared with a group with HCV or
[53]
HBV who underwent surgical resection for HCC .
Overall survival was 59%, 57%, and 63% in the
patients with NAFLD-HCC, HCV-related HCC, and
HBV-related HCC, respectively, after five years postresection, and was not significantly different among
[53]
the three groups . On the contrary, five-year
disease- free survival was significantly better in the
NAFLD-HCC group as compared with the HCV and
[53]
HBV groups (66% vs 29% vs 39%) .
[56]
Another Japanese study by Takuma et al
described disease-free and overall survival among
HCC cases secondary to cryptogenic cirrhosis as a
surrogate for NAFLD vs HCV All patients received
some form of curative treatment for HCC except
for OLT, which included RFA, percutaneous ethanol
[56]
injection, or microwave coagulation therapy . Over
a mean follow-up of 49 mo, those with NAFLD-HCC
had significantly lower tumor recurrence rates (39%
vs 71%, P < 0.001) and significantly higher five-year
survival rates (80% vs 61%, P = 0.02) as compared
[56]
with their HCV counterparts . While the NAFLD-HCC
group had a significantly greater proportion of patients
with larger tumors (2.0 cm vs 2.8 cm) than the HCV[56]
related HCC group, all were within Milan criteria .
Therefore, patients with NAFLD-HCC can have
improved and better disease-free and overall survival
as compared with patients with HCV-associated HCC
contingent that they present with early-stage HCC.

Wakai et al
reported significantly higher rates
of postoperative morbidity and 30-d mortality
among patients with NAFLD-HCC as compared with
those of other HCC etiologies including HBV or HCV.
Postoperative morbidity was seen in 59% of the
NAFLD group vs 31% and 28% of the HCV and HBV
[53]
groups, respectively . In the NAFLD group of 10
patients who had postoperative complications, the
most common complication was hepatic insufficiency,
[53]
which was observed in four patients .
Mortality at 30 d postoperatively was 12%, 0.7%,
and 3.3% in the NAFLD, HCV, and HBV groups,
[53]
respectively . The two patients who died in the NAFLD
[53]
group had underlying NAFLD-related cirrhosis .
Therefore, postoperative morbidity and mortality
may be enhanced in the setting of inflammatory
processes as suggested by the association between
postoperative complications and higher NAS and
cirrhosis.

OVERALL SURVIVAL
Patients with NAFLD-HCC are recognized to have
worse prognosis related to advanced stage of HCC
at presentation and lower eligibility for curative
[7,28]
treatment
. In a recent SEER cohort study, patients
with NAFLD-HCC appeared to have poorer prognosis
than patients with viral HCC as demonstrated by a
shorter survival time and poorer one year survival rate
[7]
from time of diagnosis (61% vs 50%, P < 0.0001) .
[28]
A large Italian study by Piscaglia et al
showed
that survival was significantly shorter in NAFLD-HCC
as compared with HCV-related HCC (25.5 mo vs 33.7
mo, P = 0.017) which was mainly attributable to later
stage of HCC at time of diagnosis.
Interestingly, in the same study, survival difference
disappeared after matching NAFLD-HCC and HCVrelated HCC by curative treatment (34.2 mo vs 40.8
[28]
mo, respectively, P value 0.073) .
[52]
A study by Reddy et al
assessed severity of liver
dysfunction and stage of HCC at diagnosis and longterm survival in patients with NAFLD-HCC vs HCVand/or ALD- HCC. At time of HCC diagnosis, patients
with NAFLD-HCC had significantly better hepatic
function as compared with the HCV- and ALD-related
[52]
HCC group . There were no significant differences
in previous HCC therapy and tumor characteristics
at time of diagnosis, including largest tumor size,
presence of satellite lesions, stage T3-4 disease (based
on American Joint Committee on Cancer staging),
[52]
and vascular invasion . Subsequently, no differences
existed between receipt of curative treatment between
[52]
the two groups (NAFLD vs HCV and/or ALD) .
While recurrence-free survival was not significantly
different between patients with NAFLD- and HCV/
ALD- related-HCC, those with NAFLD-HCC had longer
[52]
overall survival . While having less liver dysfunction
at baseline may have contributed to overall improved

Postoperative complications

While long-term disease-free and overall survival
among patients with NAFLD-HCC who receive curative
therapy is favorable, some studies have reported
increased rate of postoperative morbidity and mortality
post-hepatectomy in the setting of higher NAFLD
[50,53]
activity score (NAS) or cirrhosis
.
[50]
In a study by Cauchy et al , outcome compa
risons were made between: (1) patients without
severe fibrosis and NAS < 2; and (2) patients with
severe fibrosis (stage F3 or F4) or with a NAS ≥ 2.
Aside from having a higher body mass index (BMI)
2
in the latter group (median BMI 31.1 kg/m vs 28.4
2
kg/m ), no preoperative clinical characteristics or
operative characteristics differed between the two
[50]
groups . The group with severe fibrosis or higher
NAS had significantly higher rates of 90-d mortality
(18% vs 0%), liver-related complications (32% vs
4%), and cardiorespiratory complications (37% vs
[50]
13%) . Interestingly, multivariate analysis showed
that severe underlying fibrosis was not a risk factor
for major complications; however, a NAS of two
or greater was associated with increased major
[50]
complications .
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survival in the NAFLD-HCC group, multivariate analysis
adjusting for clinical factors and curative treatment
continued to demonstrate that patients with NAFLD[52]
HCC had longer overall survival . Therefore, after
controlling for disease presentation and receipt of
curative therapy, patients with NAFLD-HCC experienced
better long-term survival.
A European cohort study showed a non-significant
difference of overall survival between patients with
NAFLD-HCC vs those with non-NAFLD-HCC (median
[48]
11.28 mo vs 15.5 mo, P = 0.287) . In this cohort,
there was no significant difference in receipt of curative
treatment and no difference of BCLC stage at time
[48]
of HCC diagnosis . Similarly, a compilation of case
reports of NAFLD-HCC of predominantly early-stage
HCC (single tumors approximately 3cm in largest size)
revealed that all cases that received a form of curative
therapy had no tumor recurrence or death over a 5[60]
to 50-mo follow-up period . Therefore, patients with
NAFLD-HCC can have favorable survival contingent
that they are diagnosed at early stages of HCC and
receive curative treatment.
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MINIREVIEWS

Conversion of laparoscopic colorectal resection for cancer:
What is the impact on short-term outcomes and survival?
Marco E Allaix, Edgar JB Furnée, Massimiliano Mistrangelo, Alberto Arezzo, Mario Morino
is associated with quicker return of bowel function,
reduced postoperative morbidity rates and shorter
length of hospital stay compared to open surgery,
with no differences in long-term survival. Conversion
to open surgery is reported in up to 30% of patients
enrolled in randomized control trials comparing open
and laparoscopic colorectal resection for cancer. In this
review, reasons for conversion are anatomical-related
factors, disease-related-factors and surgeon-related
factors. Body mass index, local tumour extension
and co-morbidities are independent predictors of
conversion. The current evidence has shown that
patients with converted resection for colon cancer have
similar outcomes compared to patients undergoing
a laparoscopic completed or open resection. The
few studies that have assessed the outcomes after
conversion of laparoscopic rectal resection reported
significantly higher rates of complications and longer
length of hospital stay in converted patients compared
to laparoscopically treated patients. No definitive
conclusions can be drawn when converted and open
rectal resections are compared. Early and pre-emptive
conversion appears to have more favourable outcomes
than reactive conversion; however, further large stu
dies are needed to better define the optimal timing
of conversion. With regard to long-term oncologic
outcome, overall and disease-free survival in the case
of conversion in laparoscopic colorectal cancer surgery
seems to be worse than those achieved in patients
in whom resection was successfully completed by
laparoscopy. Although a worse long-term oncologic
outcome has been suggested, it remains difficult to
draw a proper conclusion due to the heterogeneity of
the long-term outcomes as well as the inclusion of both
colon and rectal cancer patients in most of the studies.
Therefore, we discuss the currently available evidence
of the impact of conversion in laparoscopic resection for
colon and rectal cancer on both short-term outcomes
and long-term survival.
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patients in whom resection was successfully completed
by laparoscopy.

Colon cancer; Rectal cancer; Morbidity; Mortality;
Predictors; Recurrence; Survival
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LITERATURE SEARCH AND STUDY
SELECTION

Core tip: Several randomized controlled trials have
reported the short-term advantages of laparoscopic
resection compared to open resection for both colon
and rectal cancer. In addition, there is evidence
showing the non-inferiority of the laparoscopic approach
in colon and rectal cancer surgery in long-term survival.
Conversion to open surgery has been reported in up
to 30% of laparoscopic colorectal cancer resections.
However, both short and long-term outcomes in
these patients are unclear. Therefore, we discuss the
currently available evidence of the impact of conversion
of laparoscopic resection for colon and rectal cancer on
both short-term outcomes and long-term survival.

A search strategy of the literature was independently
performed by two reviewers (Allaix ME and Furnée
EJB) in MEDLINE, using the Pubmed search engine.
The following search terms in title and abstract were
used as free text words and Medical Subject Headings
(MeSH): “colon”, “rectum”, “colorectal”, “rectal”,
“conversion”, “cancer”, “laparoscopy” and “laparoscopic”.
The literature search was performed for all years, up
to March 2016. The studies identified by the search
strategy were subsequently selected based on title,
abstract and full-text by two independent reviewers
(Allaix ME and Furnée EJB).

DATA ACQUISITION

Allaix ME, Furnée EJB, Mistrangelo M, Arezzo A, Morino M.
Conversion of laparoscopic colorectal resection for cancer: What
is the impact on short-term outcomes and survival? World J
Gastroenterol 2016; 22(37): 8304-8313 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i37/8304.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i37.8304

Data of the included studies were independently
acquired by two reviewers using a standard data
extraction form. The study design, number of total,
laparoscopic and converted patients, sex ratio, age,
body mass index and preoperative (chemo)radiation
in rectal cancer patients were extracted from the
individual studies. Collected intra-operative data
included type of colorectal resection, reason for
conversion, amount of blood loss and operative time.
With regard to short-term outcome parameters, the
number and type of postoperative complications,
mortality rate, postoperative transfusion rate, time to
return to bowel function, reoperation and readmission
rate and hospital stay were collected. Based on the
histological assessment of the colorectal specimen,
tumor size, number of lymph nodes, presence of a
positive resection margin and tumor staging according
to TNM classification as well as disease stage were
extracted. Regarding long-term oncologic follow-up,
the number of patients available for follow-up, time to
follow-up, local and distant recurrence rate and overall
as well as disease-free survival were collected.

INTRODUCTION
[1]

Since its introduction in the early nineties , laparo
scopic resection for colorectal cancer has increasingly
[2]
gained popularity . Large randomized controlled trials
(RCTs) have proved several short-term advantages
of this approach, such as less intraoperative blood
loss, sooner return to bowel function and shorter
[3-5]
hospital stay
and similar long-term oncologic when
[6-11]
compared with open surgery
.
Conversion of laparoscopic colorectal resection
to open surgery has been reported in up to 30% of
patients enrolled in these RCTs. However, converted
patients were mostly analyzed in the laparoscopic
group on an “intention-to-treat” basis. The evidence
coming from the non-randomized studies that have
specifically assessed the impact of conversion on
both short-term and long-term outcomes (i.e., local
recurrence rate and overall and disease-free survival)
[12-29]
is controversial
. The vast majority of these studies
only included a limited number of patients and did not
analyze colon and rectal cancer patients separately.
As a consequence, the real influence of conversion
on both short-term outcomes and long-term survival
outcome in colorectal cancer patients is still unclear.
The aim of this review was to summarize all the
available literature with regard to the short and longterm outcome in patients who were converted during
laparoscopic resection for both colon and rectal cancer
and to compare these outcomes with the results in

WJG|www.wjgnet.com

RESULTS
The search strategy in MEDLINE yielded a total of
654 articles eligible for selection. Based on the inand exclusion criteria, all articles were subsequently
selected on title, abstract and full-text. Eventually, 18
studies were selected for inclusion in this review: 12
[12,15-17,19-22,24-26,28]
prospective
, five retrospective cohort
[13,14,18,23,29]
studies
and one prospective case-control
[27]
study .
Most studies included colon as well as rectal cancer
patients. Three studies only included colon cancer
[23,25,29]
patients
and five only included rectal cancer
[14,22,26,20,28]
patients
. Overall, a total number of 53329
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Table 1 Baseline characteristics of individual studies
Ref.

Study design Colon and/ No.
or rectal patients

Allaix et al[13]
Agha et al[14]
Biondi et al[12]
Bouvet et al[15]
Chan et al[16]
Franko et al[21]
Keller et al[22]
Li et al[23]
Martínek et al[17]
Moloo et al[24]
Ptok et al[25]
Rickert et al[26]
Rottoli et al[20]
Rottoli et al[27]
Scheidbach et al[18]
White et al[19]
Yamamoto et al[28]
Yerokun et al[29]

Retrospective
Retrospective
Prospective
Prospective
Prospective
Prospective
Prospective
Retrospective
Prospective
Prospective
Prospective
Prospective
Prospective
Prospective2
Retrospective
Prospective
Prospective
Retrospective

Both
Rectal
Both
Both
Both
Both
Rectal
Colon
Both
Both
Colon
Rectal
Rectal
Both
Both
Both
Rectal
Colon

1114
300
207
91
470
174
141
217
243
359
346
162
173
93
1409
175
1073
46472

Conversion (%)
Overall

Colon
resection

Men (%)

Rectal
resection

122 (10.9)
77 (10.7)
26 (8.6)
NA
33 (15.9)
14 (42.4)
38 (41.1)
NR
41 (8.7)
NR (12.3)
31 (17.8)
NR
25 (17.7)
NA
33 (15.2)
33 (15.2)
17 (7.0)
10 (6.3)
46 (12.8)
NR
56 (16.2)
56 (16.2)
38 (23.5)
NA
26 (15.0)
NA
31 (NA)
NR
80 (5.7)
41 (8.2)
25 (14.3)
NR
78 (7.3)
NA
6144 (13.2) 6144 (13.2)

LAP

CONV

45 (11.4) 530 (53.4)
69 (56.6)
26 (8.6)
166 (60.5)1
21 (80.7)
19 (57.6) 102 (58.6)
23 (69.7)
NR
30 (56,6)
25 (65.8)
NR (7.2) 238 (55.5)1
30 (73.2)
NR
73 (51.0)
21 (51.2)
25 (17.7)
63 (54.3)
17 (68.0)
NA
94 (51.1)
20 (60.7)
7 (8.2)
146 (64.6)
13 (76.5)
NR
171 (54.6)
25 (54.3)
NA
NR
NR
38 (23.5)
69 (55.7)
27 (71.0)
26 (15.0)
NR
NR
NR
37 (59.7)
24 (77.4)
39 (6.4)
658 (49.5)
46 (57.5)
NR
70 (46.7)
11 (44.0)
78 (7.3)
625 (62.8)
48 (61.5)
NA
19738 (48.9)1 3308 (53.8)

Age (yr)

2

BMI (kg/m )

LAP

CONV

LAP

CONV

67.01
64.7
65.5
65.0
69.0
70.0
63.1
62.6
64.5
65.0
66.5
63.01
63.2
72.0
68.9
69.7
62.9
70.01

68.0
64.5
66.8
67.0
69.1
69.0
63.5
62.9
62.8
65.0
68.9
69.0
64.3
72.0
69.7
74.4
63.8
69.0

23.0
26.21
NR
NR
NR
NR
28.7
25.6
26.7
NR
NR
25.1
24.91
26.81
25.21
27.2
22.71
NR

24.0
29.0
NR
NR
NR
NR
27.5
24.5
28.4
NR
NR
25.8
27.3
29.6
26.4
26.9
24.6
NR

1

P value of difference between overall LAP and CONV is < 0.05; 2Case-control study. BMI: Body mass index; NR: Not reported; NA: Not applicable; LAP:
Laparoscopic group; CONV: Converted group.

Reasons for conversion and intra-operative data

patients were included in all individual studies. The
median conversion rate was 14.3%. The median
conversion rate for colon and rectal resections was
12.8% and 10.0%, respectively. Definition of conversion
as well as description of surgeon’s experience in
laparoscopic colorectal surgery was reported in
[12-17,19-21,23,24,26-28]
12 studies (66.7%)
. The baseline
characteristics of the individual studies are reported
in Table 1. Three studies reported significantly more
male patients in the converted group (CG) compared
[14,16,29]
to the laparoscopic group (LG)
. The body mass
index (BMI) was significantly higher in the CG in five
[14,18,20,27,28]
studies
. Neo-adjuvant chemo-radiation in
rectal cancer patients was significantly more frequently
[22]
applied in the CG in the study by Keller et al (n = 63,
54.3% vs n = 19, 76.0%) and in the LG in the study by
[20]
Rottoli et al (n = 33, 22.4% vs n = 1, 3.8%). There
were no significant differences between both groups in
[13-16,19,26]
the other six studies reporting this item
.

The reason for conversion was reported in 16 studies
(88.9%) (Table 2). In more than half of them, tumor
related aspects were the most frequent reason for
[12,13,18-20,23,24,25,27]
conversion
.
Intra-operative blood loss was reported in eight
studies and ranged from 74 mL to 200 mL in the LG
and from 147 mL to 500 mL in the CG. In all eight
studies, intra-operative blood loss was significantly less
in the LG compared to the CG (Table 2). Duration of
surgery was significantly shorter in the LG in 11 of 15
studies reporting the operative time (Table 2).

Short-term postoperative outcomes

Several studies have compared the short-term out
comes of laparoscopic colorectal resections converted
to open surgery to those achieved after laparoscopically
completed colorectal resection, reporting controversial
results. Postoperative complication rate ranged from
6.0% to 36.8% in the LG and from 15.4% to 61.2% in
the CG (Table 3). In five studies (21.7%), postoperative
complications occurred more frequently in the CG than
[14,16,18,22,28]
in the LG
, while 8 studies did not find any
[12,13,15,17,20,25-27]
significant difference
. The wound infection
rate was significantly lower in the LG in four out of ten
[12,14,18,26]
studies reporting this topic
. A significant difference
in anastomotic leakage rate was found in only one out
[18]
of 11 studies, in favor of the LG (5.0% vs 13.8%) .
With regard to prolonged postoperative ileus, there
was only one out of six studies reporting a significant
[12]
difference in favor of the LG (1.1% vs 9.1%) . Urologic
and cardiopulmonary complications were reported in
six studies (33.3%) and no significant differences were
[13,14,16,18,22,26,28]
found between both groups
. Return to

Type of colorectal resection

The type of colorectal resection performed in the
individual patients was only reported in eight stu
dies (44.4%). In all patients who underwent a
colon resection in the LG, 362 (39.0%) had a right
hemicolectomy, 271 (29.2%) a left hemicolectomy and
295 (31.8%) a sigmoid colon resection. The number of
different colonic resections in the CG was 60 (42.6%),
40 (28.4%) and 41 (29.1%), respectively. In the rectal
resection group, low anterior resection was performed
in 1636 patients (82.6%) in the LG and 185 (80.4%)
in the CG, abdominoperineal resection in 323 (16.3%)
and 39 (17.0%), and Hartmann’s procedure in 22
(1.1%) and 6 (2.6%), respectively.
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Table 2 Reason for conversion, intra-operative blood loss and operative time
Ref.

Tumor related (%)
Overall
Colon
Rectal

[13]

Allaix et al
Agha et al[14]
Biondi et al[12]
Bouvet et al[15]
Chan et al[16]
Franko et al[21]
Keller et al[22]
Li et al[23]
Martínek et al[17]
Moloo et al[24]
Ptok et al[25]
Rickert et al[26]
Rottoli et al[20]
Rottoli et al[27]
Scheidbach et al[18]
White et al[19]
Yamamoto et al[28]
Yerokun et al[29]

59 (48.4)
0 (0)
17 (51.5)
6 (15.8)
11 (26.9)
4 (12.9)
NR
15 (45.5)
3 (17.6)
13 (28.3)
15 (26.8)
7 (18.4)
7 (26.9)
12 (38.7)
24 (30.0)
18 (72.0)
13 (16.7)
NR

44 (57.1)
0 (0)
NR
NR
NR
NR
NR
15 (45.5)
NR
NR
15 (26.8)
NA
NA
NR
NR
NR
NA
NR

15 (33.3)
0 (0)
NR
NR
NR
NR
NR
NA
NR
NR
NA
7 (18.4)
7 (26.9)
NR
NR
NR
13 (16.7)
NA

Anatomic
IntraObesity Adhesions
related
operative
(%)
(%)
(%)
complication
(%)
6 (4.9)
0 (0)
3 (9.1)
10 (26.3)
4 (9.8)
18 (58.1)
NR
4 (12.1)
6 (35.3)
12 (26.1)
8 (14.3)
11 (28.9)
10 (23.5)
6 (19.3)
8 (10.0)
0 (0)
26 (33.3)
NR

5 (4.1)
5 (19.2)
6 (18.2)
2 (5.3)
6 (14.7)
5 (16.1)
NR
4 (12.1)
5 (29.4)
4 (8.7)
7 (12.5)
4 (10.5)
6 (23.1)
2 (6.5)
14 (17.5)
4 (12.0)
7 (9.0)
NR

23 (18.8)
10 (38.5)
0 (0)
0 (0)
0 (0)
0 (0)
NR
0 (0)
NR
0 (0)
0 (0)
6 (15.8)
0 (0)
0 (0)
0 (0)
0 (0)
12 (15.4)
NR

18 (14.8)
4 (15.4)
6 (18.2)
12 (31.6)
14 (34.1)
NR
NR
10 (30.3)
NR
5 (10.9)
9 (16.1)
6 (15.8)
2 (7.7)
11 (35.5)
15 (18.8)
3 (12.0)
10 (12.8)
NR

Other
reason
(%)

Intra-operative
blood loss (mL)
LAP

CONV

1

11 (9.0)
100
7 (26.9)
NR
1 (3.0)
96.41
8 (21.1)
NR
6 (14.7) 191.21
4 (12.9)
NR
NR
741
0 (0)
901
3 (17.6) 1771
11 (23.9)
NR
17 (30.4)
NR
4 (10.5)
NR
1 (3.8)
NR
0 (0)
NR
19 (23.7) 2001
0 (0)
NR
10 (12.8)
801
NR
NR

150
NR
184
NR
461.9
NR
253
147
415
NR
NR
NR
NR
NR
500
NR
265
NR

Duration of
operation (min)
LAP

CONV

1

180
258
187.9
270
187.2
182
260
188
224
NR
186.7
363
342
NR
232
172
295
NR

140
2151
162.01
240
179.4
1601
242.61
1651
1521
NR
178.9
345
2851
NR
1801
145.61
2701
NR

1

P value of difference between LAP and CONV is < 0.05. NR: Not reported; NA: Not applicable; LAP: Laparoscopic group; CONV: Converted group.

Table 3 Postoperative data
Ref.

Postoperative
complications (%)

Allaix et al[13]
Agha et al[14]
Biondi et al[12]
Bouvet et al[15]
Chan et al[16]
Franko et al[21]
Keller et al[22]
Li et al[23]
Martínek et al[17]
Moloo et al[24]
Ptok et al[25]
Rickert et al[26]
Rottoli et al[20]
Rottoli et al[27]
Scheidbach et al[18]
White et al[19]
Yamamoto et al[28]
Yerokun et al[29]

Wound
infection (%)

Anastomotic
leakage (%)

Mortality
(30-d) (%)

Hospital
stay (d)

LAP

CONV

LAP

CONV

LAP

CONV

LAP

CONV

LAP

156 (15.7)
101 (36.8)1
10 (6.0)
13 (24.5)
72 (16.7)1
NR
25 (21.5)1
NR
65 (28.8)
NR
75 (25.9)
42 (33.9)
34 (23.1)
13 (21.0)
389 (28.5)1
NR
210 (21.1)1
NR

20 (16.4)
16 (61.2)
11 (33.3)
10 (26.3
23 (56.1)
NR
8 (32.0)
NR
6 (35.3)
NR
22 (39.3)
19 (50.0)
4 (15.4)
7 (22.6)
41 (51.3)
NR
34 (43.6)
NR

9 (0.9)
33 (12.0)1
1 (0.6)1
NR
8 (1.9)
NR
2 (1.7)
4 (2.2)
NR
NR
NR
6 (4.8)1
NR
NR
138 (10.4)1
14 (9.3)
56 (5.6)
NR

3 (2.5)
6 (23.0)
2 (6.1)
NR
6 (2.4)
NR
4 (20.0)
3 (9.1)
NR
NR
NR
7 (18.4)
NR
NR
16 (20.0)
5 (20.0)
14 (17.9)
NR

49 (4.9)
23 (8.3)
3 (1.7)
NR
10 (2.3)
NR
3 (2.6)
14 (7.6)
NR
NR
NR
18 (16.4)
17 (11.6)
1 (1.6)
67 (5.0)1
NR
72 (7.2)
NR

4 (3.3)
3 (11.5)
1 (3.0)
NR
1 (2.4)
NR
0 (0)
3 (9.1)
NR
NR
NR
7 (22.6)
4 (15.4)
1 (3.2)
11 (13.8)
NR
14 (17.9)
NR

3 (0.3)
0 (0)
NR
1 (1.9)
1 (0.2)
1 (0.7)
1 (0.9)
NR
7 (3.1)
NR
1 (0.3)
0 (0)
0 (0)
1 (1.6)
20 (1.5)1
0 (0)
0 (0)
419 (1.0)1

1 (0.8)
0 (0)
NR
0 (0)
1 (2.4)
2 (6.5)
0 (0)
NR
0 (0)
NR
1 (1.8)
1 (2.6)
0 (0)
0 (0)
4 (5.0)
1 (4.0)
0 (0)
115 (1.9)

7
10
8.41
61
61
4.01
4.41
41
11.3
NR
NR
121
8
NR
NR
8.31
141
51

CONV
9
10.5
10.6
8
10
6.8
6.8
8
12.5
NR
NR
15
9
NR
NR
14.4
20
6

1

P value of difference between LAP and CONV is < 0.05. NR: Not reported; LAP: Laparoscopic group; CONV: Converted group.

[12,13,18,23]

bowel function was only reported in four studies
,
[18,23]
and in two of them
bowel function returned signifi
cantly sooner in the LG (2.3 d vs 3.4 d and 3 d vs 4 d,
respectively).
In four out of six studies, postoperative transfusion
was necessary in significantly more patients in the
[13,14,18,21]
CG
, whereas no significant difference between
[20,27]
both groups was found in the other two studies
.
A previous pooled analysis of these data showed
that converted patients were more likely to require
postoperative blood transfusion than patients undergoing
[30]
completed laparoscopic resection . The 30-d mortality
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rate was not significantly different between both groups
in most studies, although a significant difference in favor
[18,21,29]
of the LG was found in three studies
. A previous
meta-analysis of seven studies including 1655 patients
showed that converted patients had a higher risk of 30-d
mortality than patients with laparoscopically completed
[30]
colorectal resection .
There was a range in reoperation rate in the
LG from 4.9% to 17.7% and from 0% to 15.0% in
the CG. Only one study reported a significant differ
ence between both groups, in favor of LG (4.9% vs
[18]
15.0%) . In 10 out of 14 studies, the hospital stay
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[12,15,16,19,21-23,26,28,29]

was significantly shorter in the LG
,
whilst no significant difference was present in the
[13,14,17,20]
remaining studies
. The readmission rate was
[21,22,29]
only reported in three studies
. A significant
difference was found in one, in favor of the LG (5.0%
[29]
vs 7.5%) . The interpretation of these data is made
difficult by several factors, including heterogeneous
definitions of conversion, size and nature of the studies
that in most cases did not separately analyze colon
and rectal cancer patients.
Only a few studies assessed factors that might affect
morbidity after conversion of laparoscopic colorectal
[31]
resections. Aytac et al
performed a retrospective
review of 2483 patients undergoing laparoscopic
colorectal resection. A total of 270 were converted to
open surgery. A high ASA score, previous abdominal
surgery but not conversion were independently
associated with postoperative complications. Among
patients who required conversion to open surgery,
smoking, cardiac co-morbidities, hypertension, previous
abdominal surgery and intra-operative adhesions
were factors significantly associated with increased
postoperative complications. Patients who suffered
postoperative complications had a significantly shorter
time to conversion. However, it is worth to note that
patients undergoing conversion within 50 min from the
beginning of the operation were older and were more
likely to have co-morbidities.

laparoscopic resection for rectal cancer, reporting
worse short term outcomes in case of conversion
to open surgery. The short-term results of the MRC
CLASICC trial showed a higher 30-d postoperative
complication rate in 82 converted patients compared
to 160 patients who had a laparoscopic completed
rectal resection: transfusion requirement, wound
infections, pulmonary infection and anastomotic
[5]
leakage rate were increased in converted patients .
Hospital stay was longer in these patients. Agha
[14]
et al
analyzed rectal cancer patients undergoing
elective laparoscopic rectal surgery. The overall
complication rate was higher in the group of converted
patients. Perioperative blood transfusions were
needed in 11.5% of converted patients and in 1.9% of
patients undergoing a completed laparoscopic rectal
resection (P = 0.001). Wound infections occurred
more frequently in converted patients (23% vs 12%,
[28]
P = 0.01). Yamamoto et al
retrospectively reviewed
1073 patients undergoing laparoscopic surgery for
rectal cancer. The postoperative morbidity rate was
significantly higher after conversion: 43.6% vs 21.1%.
The most common complications in converted patients
were wound infection (17.9%), anastomotic leakage
(17.9%) and small bowel obstruction (10.3%). The
rate of these complications in the group of patients who
had a completed laparoscopic rectal resection was 7.2%
for anastomotic leakage, 5.6% for wound infection
and 3.0% for small bowel obstruction. Resumption of
gastrointestinal functions was significantly prolonged in
the case of conversion and median length of hospital
stay was significantly longer (20 d vs 14 d, P = 0.010).
[22]
Similar results were observed by others .

Conversion in colon cancer: When considering colon
cancer patients, three large studies did not report
[23,25,29]
significant differences in short-term outcomes
.
[5]
Guillou et al analyzed the short-term results of
the Medical Research Council (MRC) CLASICC trial
reporting similar rates of postoperative morbidity
among 61 converted patients and 185 who had a
completed laparoscopic colon resection (38% vs 34%).
[13]
Our group recently compared the early outcomes in
641 patients who had a completed laparoscopic colon
resection and in 77 converted patients. No significant
differences were observed in complication rate:
12.9% vs 14.5%, respectively (P = 0.864). Median
length of hospital stay was 7 d vs 8 d, respectively
(P = 0.303). Similar results were reported by Ptok et
[25]
al
in a prospective study comparing 290 patients
with completed laparoscopic colon resection and 56
converted patients: morbidity rate was 26% vs 39%
and mortality rate was 1.8% vs 0.3%, respectively.
Conversely, a retrospective review of the United
States National Cancer Data Base including 40328
patients treated by completed laparoscopic colon
resection and 6144 converted patients, found a slightly
longer hospital stay (median 4 d vs 3 d) and higher
rates of both readmission within 30 d (7.5% vs 5%)
and mortality at 30 d (1.9% vs 1%) in the group of
[29]
converted patients .

Reactive vs pre-emptive conversion: The out
comes after a reactive or a pre-emptive conversion
[32]
are poorly studied. Yang et al
matched 30 patients
who had undergone a reactive conversion for several
reasons including bleeding, bowel injury, ureter
damage or splenic injury with 60 patients who had
pre-emptive conversion and 60 patients who had a
laparoscopically completed colorectal resection. After
a reactive conversion, patients more frequently had
a postoperative complication (50% vs 26.7%, P =
0.028), later resumption of a regular diet (6 d vs 5
d, P = 0.033) and a trend towards a longer hospital
stay (8.1 d vs 7.1 d, P = 0.08) than patients who
[31]
had a pre-emptive conversion. Aytac et al
found
that reactive conversion was associated with a higher
risk of postoperative pneumonia, bleeding and need
for reoperation compared to patients requiring preemptive conversion to open surgery. Overall morbidity,
length of hospital stay and readmission rates were
slightly worse in patients with reactive conversion,
even though the differences did not reach statistical
significance.
The increased rate of postoperative morbidity after
reactive conversion might be related to the sequelae
of the intraoperative complication that leads to a

[5]

Conversion in rectal cancer: Only one RCT and
[14,22,28]
a few studies
focused on patients undergoing
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reactive conversion, suggesting that a low threshold
for conversion is advisable in challenging cases,
thus avoiding a dangerous and lengthy dissection.
However, the best timing of conversion is unclear.
[33]
Belizon et al
found that the postoperative morbidity
rate significantly decreased if the decision to convert
was taken within or after the first 30 min of the
procedure (40% vs 86.9%, P < 0.05). Conversely,
[31]
Aytac et al
reported that timing of conversion did
not adversely affect the postoperative outcomes: 72
patients converted within the first 30 min had similar
overall morbidity, reoperation and readmission rates
as 198 patients who had late conversion. However,
the interpretation of these findings is biased by the
fact that several patients in both groups underwent
reactive conversion. Further studies are needed to
better clarify the real impact of conversion timing on
the postoperative course.

for surgery (cancer vs benign disease) showed that
the short-term outcomes in converted patients were
comparable to those observed in patients treated by
open surgery. The learning curve of the surgeon and
the reason for conversion did not show any adverse
impact on the postoperative course of converted
patients.
[38]
Very recently, Masoomi et al
published the re
sults of a retrospective analysis of 646414 patients
from the United States National Inpatient Sample
undergoing laparoscopic (27.7%) or open colorectal
resection for both benign and malignant diseases.
The conversion rate of laparoscopic to open surgery
was 16.6%. They found that the group of converted
patients had significantly better outcomes compared
to the open group, with a lower in-hospital mortality
rate. Even though the length of hospital stay was
similar between the two groups, the median total
hospital charge was $2800 higher in the converted
group compared to the open group. Similar results
[29]
were reported by Yerokun et al who used the United
States National Cancer Data Base to identify patients
undergoing elective colon resection for stage I-Ⅲ colon
cancer between 2010 and 2012. Of 104400 patients,
40328 (38.6%) underwent laparoscopic colectomy,
57928 (55.5%) open colectomy and 6144 (5.9%)
converted colectomy. After adjustment for patient,
clinical and treatment characteristics, conversion
to open surgery was associated with a significantly
reduced 30-d mortality (1.9% vs 2.8%, P < 0.001), a
shorter hospital stay and a reduced 30-d readmission
rate (5.9% vs 7.5%, P < 0.001) when compared to
open surgery.
Since converted colon resection is still associated
with better outcomes than planned open colon
resection, the authors concluded that the laparoscopic
approach in patients with colon cancer should be
attempted in all cases with no contraindications
to laparoscopy. Even though there is increasing
evidence showing that conversion of laparoscopic
colon resection does not impair short-term outcomes,
the data are not definitive and robust data regarding
conversion of laparoscopic rectal resection are missing.
While waiting further studies to confirm these results
and to shed more light on the impact of conversion
of laparoscopic rectal resections, several studies have
been conducted aiming to identify risk factors for
conversion. Algorithms to predict conversion from
laparoscopic colorectal resection to open surgery
have been proposed; however, most of them are not
[39-41]
specific for colorectal cancer
. To date, only a few
studies have been focused on predictors of conversion
[42]
in patients with colon or rectal cancer. Thorpe et al
analyzed the data from the MRC Conventional vs
Laparoscopic-Assisted Surgery in Colorectal Cancer
(CLASICC). They found that locally advanced tumor,
BMI, and ASA score greater than 3 were independent
risk factors for conversion in colon cancer patients.
Similarly, BMI and male sex were independently

Converted vs open colorectal resection: While
several studies have compared the short-term
outcomes after conversion in laparoscopic colorectal
resection to those observed after laparoscopically
completed colorectal resection, there are limited data
on the effects of conversion compared to planned
open surgery. The evidence is controversial with some
studies showing a worse postoperative course in
converted patients and others reporting no significant
[34]
differences . In particular, among 4 studies that
included only rectal cancer patients, one found better
[35]
results in converted patients , one reported better
[36]
outcomes after planned open rectal resection
[26,37]
and two found no differences
. Recently, Giglio
[34]
et al
conducted a systematic review and metaanalysis of short term outcomes after laparoscopic
converted or open colorectal resection. The aim
was to determine if conversion is a drawback or a
complication of laparoscopic colorectal resection
burdened by additional postoperative morbidity.
The authors identified 20 studies including a total of
30656 patients undergoing open surgery and 11085
having laparoscopic colorectal resection. A total of
1935 patients (17%) in the laparoscopic group were
converted to open surgery. Colorectal cancer was the
indication for surgery in 13 of the studies included in
this meta-analysis, while both benign and malignant
diseases were included in seven. A total of five studies
only included rectal cancer patients, while other five
only analyzed colon resections. The risk of bias was
moderate to high in 11 studies. No differences in 30-d
mortality and 30-d morbidity rates were found. While
a higher rate of wound infection was observed among
converted patients, no significant differences were
observed between both groups in length of hospital
stay, anastomotic leakage, postoperative bleeding,
sepsis, cardiac complications, deep venous thrombosis
and reoperation rates. Subgroup analyses on mortality,
overall morbidity and length of hospital stay according
to the site of disease (colon vs rectum), and indication
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Figure 1 Overall survival rates reported in the individual studies. aP value of difference between the laparoscopic and converted group is < 0.05; b3-yr overall
survival rates, the other studies reported 5-yr overall survival rates.

associated with conversion in rectal cancer patients.
BMI was also identified as risk factor for conversion
[28]
in rectal cancer patients by Yamamoto et al
in a
retrospective analysis of 1073 rectal cancer patients.
A model to predict conversion to open surgery
during laparoscopic rectal resection for cancer was
[43]
proposed by Zhang et al . Six possible risk factors
for conversion were extracted from a review of the
literature and a series of 602 laparoscopic rectal
resections, including male sex, surgical experience
(at least 25 previous laparoscopic rectal resections),
previous open abdominal surgery, BMI ≥ 28, tumor
diameter ≥ 6 cm, and tumor invasion, for which
a score of relevance was assigned. Further studies
however are needed to confirm this model.

lymph nodes ranged from 8 to 20.2 in the LG and
from 9 to 22.4 in the CG. The N-stage was reported
[12,13,20,25,26]
in five studies (27.8%)
; in two of these
[12,13]
studies
, the N0-stage was significantly more
frequent in the LG (n = 679, 68.4% vs n = 67, 54.9%
and n = 92, 52.9% vs n = 8, 24.2%, respectively).
The tumor size ranged from 3.5 to 5.1 cm in the
LG and from 3.5 to 5.6 cm in the CG. In three out of
seven studies (42.9%), the tumor size was significantly
larger in the CG (5.3 cm vs 3.9 cm, 5.0 cm vs 4.0
[12,16,29]
cm and 4.0 cm vs 3.7 cm, respectively)
.
Tumor margin status was also reported in seven
[13,14,17,20,26,27,29]
studies
and in one of these, tumor
margin positivity was significantly more frequent in the
[29]
CG (n = 319, 5.2% vs n = 1075, 2.7%) .
Disease stage was reported in all studies, although
[20,18]
incomplete in two
. In seven studies, stage Ⅰ-Ⅲ
[12,13,19,21,23,25,29]
patients were included
, in three stage Ⅰ[14,17,24]
[15,16,22,28]
, in four studies stage 0-Ⅳ
and in two
Ⅳ
[26,27]
[12,13,29]
studies stage 0-Ⅲ
. In three studies
, disease
stage Ⅰ was significantly more frequent in the LG,
whilst stage Ⅲ was more frequent in the CG. In the
[12]
[29]
studies by Biondi et al and Yerokun et al , stage Ⅱ
was also significantly more frequent in the LG. In the
[14]
[20]
studies by Agha et al
and Rottoli et al , stage Ⅳ
disease was significantly more frequent in the CG as
well.

Histological outcome of the colorectal specimen

The tumor (T) stage was reported in 10 studies
[12-17,19,23,25,27]
(55.6%)
. In most of them (n = 7), no
significant differences in T-stage were found between
[13]
both groups. In the study by Allaix et al , T1 was
significantly more frequent in the LG (n = 345, 34.8%
vs n = 9, 7.4%), whilst T3 and T4 were significantly
more frequent in the CG (n = 446, 45.0% vs n = 85,
69.7% for T3, and n = 37, 3.7% vs n = 15, 12.3%
[14]
for T4, respectively). Agha et al
found significantly
more T2-tumors in the LG (n = 87, 31.7% vs n = 5,
19.2%) and significantly more T4-tumors in the CG (n
= 10, 3.6% vs n = 6, 23.0%). In the study by Bouvet
[15]
et al , T4-tumors were significantly more frequent
in the CG (n = 1, 1.9% vs n = 5, 13.2%), whilst the
other T-stages were comparable between both groups
in this study.
The number of lymph nodes harvested was similar
between both groups in all 13 studies reporting this
[12,13,15-17,20-23,26-29]
item
. The number of harvested
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Long-term oncologic outcome

Survival: Most of the studies reported one or more
long-term oncologic outcome measures. Overall
[12,13,16-27]
survival (OS) was reported in fourteen studies
(Figure 1). The median 5-year OS was 79.7%
(61.0%-99.1%) in the LG and 70.2% (38.0%-100%)
in the CG. OS was in favor of the patients in the LG
[22]
in all studies, except in the study by Keller et al ,
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Figure 2 Disease-free survival rates reported in the individual studies. aP value of difference between the laparoscopic and converted group is < 0.05; b3-yr and
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2-yr disease-free survival rates, the other studies reported 5-yr disease-free survival rates.

who reported an extremely high OS in both groups.
However, there was a statistically significant difference
[12,13,18]
in OS in only three studies in favor of the LG
.
The lack of significance in OS between LG and CG in
the other series might be caused by the small number
of patients included, as two of the studies reporting
a significant difference in OS were very large studies
[13,18]
including more than one thousand patients
.
Additionally, the interpretation of the outcome with
regard to OS is also complicated by the fact that in
most studies colon as well as rectal cancer patients
were included. OS was reported in three of the five
[20,22,26]
studies only including rectal cancer patients
and
in two of the three studies in which only colon cancer
[23,25]
patients were included
. In none of these studies,
there was a significant difference in OS found between
the laparoscopic and converted group.
The 5-year disease-free survival (DFS) was
[12,13,16-20,23,25,27]
reported in ten studies
, whilst 3 and
[14,22]
[15]
2-year DFS was reported in two
and one study ,
respectively (Figure 2). The median DFS was 81.3%
(55.5%-93.1%) in the LG and 65.6% (38.0%-100%)
in the CG. DFS was in favor of the LG in all, except
[18,22]
two studies
. A statistical significant difference
was found in five of the studies reporting a favorable
outcome in the LG (Figure 2).
The significant worse OS and DFS in the CG might
be related to several factors other than conversion
[30]
itself, including a locally advanced tumor . We
performed a multivariate analysis of predictors of
survival in our study and found pT4 tumor stage and a
positive lymph node ratio ≥ 0.25, but not conversion
[13]
itself as independent predictors of poor OS and DFS .
In addition, an adverse survival in converted patients
might be explained by a more extensive inflammatory
response due to more tissue damage as well as a

WJG|www.wjgnet.com

higher postoperative complication rate compared to
[30]
the laparoscopic group of patients .
Recurrence: The local and distant recurrence
rate was also reported in some studies. Median
duration of follow-up in the studies reporting these
recurrence rates was 35 (22.5-120) mo in the LG
and 34.1 (23.6-120) mo in the CG. At follow-up, local
recurrence rate ranged from 2.6% to 15.8% in the
LG and from 0% to 26.3% in the CG. A statistically
significant difference in local recurrence rate between
both groups was only found in one of the studies:
[16]
Chan et al
reported a significant difference in local
recurrence rate of 2.8% in the LG and 9.8% in the
CG after 31 mo of follow-up (P < 0.001). Four studies
reported the local recurrence rate in a study population
of only rectal cancer patients. In three of these studies,
the local recurrence rate was comparable: 3% in both
groups after 34 months of follow-up in the study by
[26]
Rickert et al , 4.8% in the LG and 3.8% in the CG
(P = 0.875) after almost two years of follow-up in the
[14]
[22]
study by Agha et al ; in the study by Keller et al
local recurrence was only present in the LG, in 2.6% of
patients after 38.2 mo of follow-up (P = 0.07). Rottoli
[20]
et al
reported a large difference in local recurrence
rate between both groups; 11.4% in the LG and
26.3% in the CG, although this did not reach statistical
significance (P = 0.07). However, this large difference
in recurrence rate between both groups might be
explained by the difference in duration of follow-up of
10 mo between both groups in this study; 36 months
in the LG and 46 months in the CG.
The rate of distant metastases in the LG en CG
[13,14,17,22,23,26,27]
was reported in seven studies
, ranging
from 4.3% to 17.3% in the LG and from 0% to 22.6%
[13,14,27]
in the CG. In three of these seven studies
,
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the distant metastasis rate was noteworthy higher
in the CG, even though the difference did not reach
the statistical significance. In two of these studies
both colon and rectal cancer patients were included:
[27]
Rottoli et al
reported a distant metastasis rate of
9.9% in the LG and 21.8% in the CG after a followup of approximately four years (P = 0.79), and in
[13]
the study by our group
the distant metastasis rate
was 16.1% in the LG and 22.6% in the CG after ten
[14]
years of follow-up (P = 0.244). Agha et al
only
included rectal cancer patients and reported a distant
recurrence rate of 13.1% in the LG and 19.2% in
the CG (P = 0.390). The distant metastasis rate was
comparable between both groups in the other four
studies.

6

7

8

CONCLUSION

9

This review of the literature has demonstrated that
conversion of laparoscopic colon resection does not
seem to significantly increase the postoperative mor
bidity, while the results after converted laparoscopic
resection for rectal cancer are less favorable than those
achieved by patients who had a completely laparoscopic
surgery. With regard to long-term oncologic outcome,
OS and DFS in the case of conversion in laparoscopic
colorectal cancer surgery seems to be worse compa
red to the group of patients in whom resection was
successfully completed by laparoscopy. However, it
remains difficult to draw a proper conclusion due to
the heterogeneity of the long-term oncologic outcomes
as well as the inclusion of both colon and rectal cancer
patients in most of the studies. Poorer survival in
converted patients seems to be multifactorial, including
tumor stage as well as inflammatory response se
condary to more tissue damage and sequelae of
postoperative complications.
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Abstract
Chronic hepatitis B virus (HBV) infection is a major
cause of cirrhosis and hepatocellular carcinoma (HCC).
Applying the same strategies for antiviral therapy
and HCC surveillance to all chronic hepatitis B (CHB)
patients would be a burden worldwide. To properly
manage CHB patients, it is necessary to identify and
classify the risk for HCC development in such patients.
Several HCC risk scores based on risk factors such
as cirrhosis, age, male gender, and high viral load
have been used, and have negative predictive values
of ≥ 95%. Most of these have been derived from,
and internally validated in, treatment-naïve Asian
CHB patients. Herein, we summarized various HCC
prediction models, including IPM (Individual Prediction
Model), CU-HCC (Chinese University-HCC), GAG-HCC
(Guide with Age, Gender, HBV DNA, Core Promoter
Mutations and Cirrhosis-HCC), NGM-HCC (NomogramHCC), REACH-B (Risk Estimation for Hepatocellular
Carcinoma in Chronic Hepatitis B), and Page-B score.
To develop a noninvasive test of liver fibrosis, we
also introduced a new scoring system that uses liver
stiffness values from transient elastography, including
an LSM (Liver Stiffness Measurement)-based model,
LSM-HCC, and mREACH-B (modified REACH-B).
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HBV DNA, positive hepatitis B virus e antigen (HBeAg),
HBV genotype, HBV mutants, and a high serum level
[16-22]
of hepatitis B surface antigen (HBsAg)
. Particularly,
an increasing viral load is a strong predictor of the risk
for HCC independent of HBeAg, aminotransferase,
[12,13,18,23]
and cirrhosis
. Liver factors consist of advance
fibrosis and cirrhosis, poor liver function, active
hepatitis, and other concomitant liver diseases such
as co-infection with hepatitis C virus or, alcoholic and
[11-13,24-26]
nonalcoholic fatty liver diseases
.
The progression of liver disease in chronic HBV
infection is mediated by active virus replication. The
annual incidence of cirrhosis in the overall population
with CHB is 2%-7%, depending on viral replication
[27]
status . In particular, disease progression is markedly
accelerated in patients with active viral replication by up
to 15%-20%. Currently, a complete virological response
(CVR) can be achieved even in CHB patients using
potent antiviral therapy. Thus, the prognostic value of
the baseline level of HBV DNA, which was suggested by
large-scale studies to be a robust prognostic indicator
of the “natural” course of chronic HBV infection before
[28]
the era of antiviral treatment, is limited . In the era of
antiviral therapy, the prognostic significance of serum
levels of HBV DNA has substantially diminished, because
[28]
most treated patients achieve a virological response .
More importantly, the risk for developing liver-related
events cannot be completely eliminated even in those
who achieve a complete virological response; thus,
caution is required in so-called “high-risk” patients who
may experience disease progression.

Core tip: This is the summary about prediction models
of hepatocellular carcinoma development in chronic
hepatitis B patients.
Lee HW, Ahn SH. Prediction models of hepatocellular
carcinoma development in chronic hepatitis B patients. World J
Gastroenterol 2016; 22(37): 8314-8321 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i37/8314.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i37.8314

INTRODUCTION
Chronic hepatitis B virus (HBV) infection is the main
cause of cirrhosis, hepatic failure, and hepatocellular
[1]
carcinoma (HCC) globally . Of chronic HBV carriers,
approximately 15%-40% develop chronic hepatitis
[2]
B (CHB) . Around 90% of CHB patients undergo
seroconversion of HBeAg to anti-HBe and become
inactive carriers. However, approximately 10% of CHB
patients have chronic active hepatitis and develop
liver cirrhosis at a rate of 2% per year. Because
progression of liver disease in CHB patients is closely
associated with active viral replication, a high level
of HBV DNA has been known as an independent risk
factor for disease progression. Therefore, suppression
of HBV with antiviral therapy could reduce the risk of
developing cirrhosis and HCC.
The development of potent antiviral drugs has
an important role in the management of patients
with CHB. The natural course of the disease could
be modified by HBV therapy and risk for HCC could
[3-5]
be reduced . Antiviral therapy reduces, but does
[6,7]
not completely eliminate risk for HCC . The annual
incidence of HCC range from 0.01% to 5.4% in
[8]
CHB patients treated with entecavir or tenofovir .
Therefore, applying a standardized policy for antiviral
therapy and HCC surveillance to all CHB patients may
[9]
not be cost-effective . Thus, stratification of the risk
for HCC development is important for the management
of CHB patients.
This review summarizes the prediction models of
HCC development in CHB patients.

APPROACHES TO DEVELOPING RISK
SCORES
Factors independently associated with HCC are first
[4,16]
identified in a training or derivation cohort
. Second,
scores are assigned to different parameters in the
equation to generate the final score. This score is
validated in a validation cohort to demonstrate its
applicability and reproducibility. If no independent
cohort is available, external validation can be applied
to assess the performance of the score in new data.
This validation involves using a single observation from
the original sample as the validation data, and the
remaining observations as the training data. This is
repeated such that each observation is used as training
and validation data.
Validation of the score usually includes discrimination
and calibration. Discrimination can be assessed using
a receiver operating characteristic (ROC) curve, sen
[29,30]
sitivity, and specificity
. Calibration is evaluated by
estimating the observed HCC risk using the KaplanMeier method with the same cumulative risk scores. A
combination of neighboring groups of cumulative risk
scores will be performed if the observed HCC risk in a
[4,13]
group with the same cumulative risk score is low
.

RISK FACTORS FOR HBV-RELATED HCC
Risk factors for disease progression in CHB can be
classified into three categories: host factors, viral factors
[4,10,11]
and liver factors
. Host factors include older age,
male gender, family history of HCC, obesity, genetic
susceptibility such as single-nucleotide polymorphisms,
cirrhosis, smoking, alcohol, diabetes mellitus and
[11-16]
immune status
. Viral factors include a high level of
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Two cutoff values (5 and 20) discriminated HCC risk
into three categories. In all, 105 (10.4%) patients in
the training cohort and 45 (10.6%) patients in the
validation cohort developed HCC during a median of
10 years of follow-up. The 5-year HCC-free survival
rates were 98.3%, 90.5%, and 78.9% in the low-,
medium-, and high-risk groups, respectively. Using the
lower cutoff of 5 points, this score has a high negative
predictive value (97.8%) for excluding future HCC
development.

HCC RISK SCORES
Until now, several HCC risk prediction scoring systems
have been derived to estimate the risk for HCC
[11-13,31]
development in CHB from baseline parameters
.
Almost all the scores were derived from and internally
[23]
validated in treatment-naïve Asian CHB patients .
Besides, external validation has been limited to Asian
CHB patients or those undergoing treatment with
entecavir. Studies including European Caucasian and
American patients have shown the models to be
somewhat less predictive; however, rates of HCC were
[6,32]
very low, significantly limiting the conclusions
.

GAG-HCC score

The Guide with Age, Gender, HBV DNA, Core Promoter
Mutations and Cirrhosis (GAG-HCC) score was
developed from a cohort of 820 Chinese CHB patients
[4,13]
from tertiary referral clinics
. All patients were
treatment-naïve at baseline and followed-up for a
median of 77 mo. There are two versions of the score.
The original version is composed of five parameters:
gender, age, core promoter mutations, levels of HBV
DNA, and cirrhosis. Because the test for core promoter
mutations may not be available in some centers, the
score was simplified to omit such mutations. The score
can be above 100, as age is one of the components. A
cutoff value of 100 had a sensitivity and specificity of
84.1% and 76.2% for 5-year prediction, and 88.0%
and 78.7% for 10-year prediction, respectively. The
negative predictive values for excluding future HCC
development were 98.3%-100%.

Individual prediction model

Based on the risk factors of 4339 Korean patients,
the individual prediction model (IPM) was developed
by calculating the relative weights of risk factors, and
[33]
a screening program for HCC was established . Old
age, male gender, initial serum AFP level, platelet
count, serum albumin, severe liver parenchymal
echogenic pattern in ultrasonography and heavy alcohol
consumption were significant risk factors for HCC.
Based on these risk factors, the IPM was calculated
using the following formula: risk index (RI) for HCC =
A
e , A = -6.2543 + (1.7219 × liver cirrhosis) + (1.3145
× old age over 40 years) + (1.2631 × chronic HCV
infection) + (0.8257 × AFP > 20 ng/mL) + (0.7754 ×
chronic HBV infection) + (0.7339 × chronic hepatitis)
+ (0.5840 × heavy alcoholics) + (0.3 × man) +
(0.2830 × ALT > 40 IU/L) + (0.221 × unknown
alcohol history). Probability for HCC = RI/(1 + RI). The
authors prospectively applied the screening program
to 833 patients with chronic liver disease stratified into
three groups [a low-risk group (< 5% probability), an
intermediate group (5%-15% probability), and high-risk
group (> 15% probability)] by IPM. The patients were
followed, at intervals that varied according to the risk
index. According to IPM, 2 of 324 patients in the low-risk
group (0.62%), 20 of 413 patients in the intermediaterisk group (4.8%), and 22 of 96 patients in the highrisk group (22.9%) were diagnosed with HCC. Thus, the
screening program based on IPM enabled cost-effective
prediction of the risk of developing of HCC by focusing
on the high-risk group.

NGM1-HCC and NGM2-HCC

The risk evaluation of viral load elevation and
associated liver disease (REVEAL)-HBV investigators
first suggested easy-to-use nomograms based on
noninvasive clinical characteristics using data from
[31]
3653 patients . Previously confirmed independent
risk predictors were sex, age, family history of
HCC, alcohol consumption habit, ALT level, HBeAg
serostatus, levels of HBV DNA, and HBV genotype.
Regression coefficients were rounded to integer risk
scores, and the predicted risk over 5- and 10-year
periods for each risk score was calculated and depicted
as nomograms. Nomogram 1 and Nomogram 2
hepatocellular carcinoma (NGM1-HCC and NGM2-HCC)
were used to calculate individual baseline risk scores
[31]
for each patient . The patients were categorized
into low-, medium- and high-risk groups to facilitate
comparison of the risk scores using the different
prediction models, and to simplify their use in the
clinical setting. The correlation coefficients between
observed HCC risk and the nomogram-predicted risk
were greater than 0.90.

CU-HCC score

The Chinese University (CU)-HCC score was first
derived using a cohort of 1005 Chinese CHB patients
that had undergone HCC surveillance at the Chinese
[4,12,25]
University of Hong Kong
. It was validated in an
[34]
independent cohort of 424 Chinese CHB patients . All
patients were treatment-naïve at baseline. Among the
patients in the training and validation cohort, 15.1%
and 25.0%, respectively, received antiviral therapy
during the long-term follow-up. The CU-HCC score
is composed of five factors: age, albumin, bilirubin,
HBV DNA, and cirrhosis; it ranges from 0 to 44.5.
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The risk estimation for hepatocellular carcinoma in
chronic hepatitis B (REACH-B) score was derived using
3584 Chinese CHB patients from the Taiwanese REVEAL
cohort, and validated in a cohort of 1505 patients from
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[42,43]

three tertiary referral clinics in Hong Kong and South
[4,11]
Korea
. The patients in the training cohort did not
have cirrhosis at the time of recruitment, and remained
treatment-naïve throughout the 12-year follow-up
period. Variables included in the risk score were sex,
age, serum levels of alanine aminotransferase, HBeAg
status, and levels of HBV DNA level. In all, 131 (3.7%)
patients in the training cohort and 111 (7.4%) patients
in the validation cohort were developed HCC. A 17-point
risk score was developed and HCC risk ranged from 0%
to 23.6% at 3 years, 0% to 47.4% at 5 years, and 0%
to 81.6% at 10 years for patients with the lowest and
highest HCC risks, respectively. The score accurately
estimated the risk for developing HCC at 3, 5, and
10 years in patients with CHB. A revised version of
REACH-B that includes serum levels of qHBsAg is also
[35]
available .

XL probe could be helpful to check liver stiffness
.
Especially, the presence of nonhepatic ascites does
[42]
not affect underlying liver stiffness by TE . A liver
stiffness value > 12 kPa or 13 kPa by TE can be used
[44,45]
to detect histologic cirrhosis in patients with CHB
.
Furthermore, recent studies have reported TE can
predict the development of portal hypertension-related
[46-48]
complications and HCC
.

Liver stiffness measurement-based Model

Stratified baseline liver stiffness values in patients
with CHB are independent predictors of HCC
[38]
development . The 3-year cumulative incidence of
HCC is significantly higher in patients with a higher
[38]
[49]
liver stiffness value . Kim et al
prospectively
analyzed 1110 patients with CHB who received a
transient elastography and were available for inclusion
criteria from May 2005 to December 2007.
A previous multivariate analysis showed that age,
male gender, and liver stiffness values independent
predictors of HCC (all P < 0.05). In addition, HBV DNA
levels ≥ 20000 IU/L showed borderline significance.
Using these four variables, a predictive model was
developed (AUROC 0.806, 95%CI: 0.738-0.874). The
formula for a 3-year probability of HCC occurrence
A
is as follows: Probability = 1 - P [A = exp (0.05306
× age + 1.106 × male gender + 0.04858 × liver
stiffness values + 0.50969 × HBV DNA ≥ 20000 IU/L)].
In bootstrap analyses, the AUROC remained largely
unchanged between iterations, with an average value
of 0.802 (95%CI: 0.791-0.812). The predicted risk for
HCC development calibrated well with the observed
risk, with a correlation coefficient of 0.905 (P < 0.001).

PAGE-B score

Previous risk scores have been developed mainly in
Asians. Therefore, these scores may not be suitable
for Caucasian patients with CHB. A new score named
PAGE-B has recently been developed for Caucasian
[36]
CHB patients . A nine-center cohort study was
performed in Caucasian CHB patients treated with
[36]
oral antivirals . They included 1815 adult CHB
patients without baseline HCC who received entecavir
or tenofovir for more than 1 year. The PAGE-B score
was developed based on age, gender, and platelets.
During a median of 50 months of follow-up, 51
(3.8%) patients in the derivation group and 34 (6.9%)
patients in the validation group developed HCC.
Patients with PAGE-B scores of ≤ 9, 10-17, and ≥
18 had 5-year cumulative HCC incidences of 0%, 3%
and 17%, respectively. In the validation cohort, the
negative predictive value to exclude HCC using at a
cut-off of 10 points approached 100%. This was the
first study to develop an HCC risk score for Caucasian
CHB patients and was the first score for patients
treated with current first-line antiviral therapies.

LSM-HCC score
[50]

Wong et al developed a new liver stiffness measure
ment (LSM)-HCC score composed of LSM, age, serum
albumin, and levels of HBV DNA. Because diagnosis of
cirrhosis based on ultrasonography may be incorrect,
cirrhosis as a factor of CU-HCC score was substituted
by LSM. Among 1555 CHB patients, 1035 and 520
were assigned to the training and validation cohort,
respectively. During a mean of 69 months of follow-up,
38 (3.7%) patients in the training cohort and 17 (3.4%)
patients in the validation cohort developed HCC. The
LSM-HCC score ranged from 0 to 30. Using 11 as the
cutoff value, 706 (68.2%) and 329 (31.8%) patients
were in the low- and high-risk categories; 4 (0.6%),
and 29 (8.8%) patients developed HCC over 5 years.
The AUROCs of the LSM-HCC score were higher than
those of the CU-HCC score (0.83-0.89 vs 0.75-0.81).
The sensitivity for identifying HCC was 87.9% and the
NPV was 99.4% at 5 years.

LIVER STIFFNESS MEASUREMENTBASED MODELS
The degree of liver fibrosis is significantly related
[37,38]
to risk for HCC development
. To date, the
gold standard for evaluating the degree of fibrosis
is liver biopsy. However, liver biopsy cannot be
performed in all CHB patients in a clinical setting due
[39]
to its invasiveness and complications . Transient
®
elastography (TE, FibroScan , Echosens, Paris,
France) has been validated as a noninvasive method
[40]
for assessing fibrosis in chronic liver disease . The
advantage of TE include its noninvasiveness, highly
reproducibility, and accuracy. TE is used as a reliable
surrogate for liver biopsy to detect early cirrhosis in
[41]
patients with CHB .
For patients with ascites or high BMI, the use of
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Modified REACH-B score

The REACH-B scoring system, which was developed
and validated as a simple HCC prediction model prior
to the era of antiviral therapy, showed suboptimal
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Table 1 Summary of hepatocellular carcinoma prediction models

Full name

Calculation

IPM

CU-HCC

GAG-HCC

REACH-B

LSM-HCC

Individual
Prediction Model

Chinese
University-HCC

Risk Estimation
for Hepatocellular
Carcinoma in
Chronic Hepatitis
B

Liver Stiffness
MeasurementHCC

Risk Index (RI)
for HCC = eA, A =
-6.2543 + (1.7219
× liver cirrhosis)
+ (1.3145 × old
age over 40 yr) +
(1.2631 × chronic
HCV infection) +
(0.8257 × AFP > 20
ng/mL) + (0.7754
× chronic HBV
infection) + (0.7339
× chronic hepatitis)
+ (0.5840 × heavy
alcoholics) + (0.3
× man) + (0.2830 ×
ALT > 40 IU/L) +
(0.221 × unknown
alcohol history)

Age (> 50 yr = 3; ≤
50 = 0) + albumin
(≤ 35 g/L = 20; >
35 = 0) + bilirubin
(> 18 µmol/L =
1.5; ≤ 18 = 0) +
HBV DNA (< 4 log
copies/mL = 0;
4-6 = 1; > 6 = 4) +
cirrhosis (yes = 15;
no = 0)

Guide with
Age, Gender,
HBV DNA,
Core Promoter
Mutations and
Cirrhosis-HCC
14 × sex (male =
1; female = 0) +
age (in years) + 3
× HBV DNA (log
copies/mL) + 33 ×
cirrhosis presence
= 1; absence = 0)

Male sex: 2 points
Age (> 50 yr =
Age: 1 point for
10; ≤ 50 = 0) +
every 5 yr from 35
albumin (≤ 35
to 65 yr of age (0-6 g/L = 1; > 35 = 0)
points)
+ HBV DNA (>
ALT (IU/L):
200000 IU/mL =
15-<45 (1 point), ≥ 5; ≤ 200000 = 0)
45 (2 points)
+ liver stiffness
Positive HBeAg: 2 (≤ 8.0 kPa = 0; <
points
8.0-12.0 = 8; > 12.0
HBV DNA (log
= 14)
copies/mL): 4-<
5 (3 points), 5-< 6
(5 points), ≥ 6 (4
points)

mREACH-B

PAGE-B

Modified Risk
Estimation for
Hepatocellular
Carcinoma in
Chronic Hepatitis
B
Male sex: 2 points
Age;
Age: 1 point for
< 30 (-4 points),
every 5 yr from 35 30-39 (-2 points),
to 65 yr of age (0-6 40-49 (0 point),
points)
50-59 (2 points),
ALT (IU/L): 15-<
60-69 (4 points),
45 (1 point), ≥ 45 (2 ≥ 70 (6 points)
points)
Male sex:
Positive HBeAg: 2
5 points
points
Platelets (mm3):
3
≥ 200 × 10 (0
Liver stiffness
values: < 8.0 kPa (0
point),
point), 8.0-13.0 (2 100× 103-< 200 ×
points), > 13.0 kPa
103 (6 points),
(4 points)
< 100 × 103 (11
points)

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; ALT: Alanine aminotransferase.

predictive performance. Therefore, an alternative
predictor of long-term prognosis is required particularly
in CHB patients who had achieved CVR from antiviral
treatment, because levels of HBV DNA are no longer
useful at the time of CVR.
In the modified REACH-B model (mREACH-B model),
the serum levels of HBV DNA were substituted for the
LS value, and had better predictive performance among
[28]
patients who were at CVR following entecavir therapy .
The authors reassessed the scores at CVR, using LS values
instead of suppressed HBV DNA. The AUROC value for
risk at the 3-year follow-up was 0.805, compared to 0.629
using the original REACH-B scoring system, when 0, 1, and
2 points were assigned to LS values of < 8.0, 8.0-13.0,
and > 13.0 kPa, respectively (referred to as the modified
REACH-B I), and 0.814 (95%CI: 0.709-0.912) when 0, 2,
and 4 points were assigned to LS values of < 8.0, 8.0-13.0,
and > 13.0 kPa, respectively (referred to as the modified
REACH-B II).
The performance of conventional HCC prediction
models (CU-HCC, GAG-HCC, REACH-B, and LSMHCC scores) and the mREACH-B score has been
[51]
assessed . During the follow-up (median, 75.3
mo), HCC developed in 125 (9.6%) of 1308 subjects.
The mREACH-B score had a significantly higher
AUROC for prediction of HCC development at 3/5
years (0.828/0.806), compared to the LSM-HCC
(0.777/0.759), GAG-HCC (0.751/0.757), REACH-B
(0.717/0.699), and CU-HCC (0.698/0.700) scores (all
P values < 0.05 vs mREACH-B). Thus, the prognostic
performance of the mREACH-B score was superior to
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that of the conventional models.

OTHER HCC RISK MODELS
Existing prediction models were mostly developed in
Asia. There were limited data about HCC risk models
for people at high risk in the United States or European
countries. France group suggested PNPLA3 rs738409
(GG) genotype had an effect on the occurrence of
[52]
HCC . They created the following model: age ×
0.05085 - 1.88790 × female gender + BMI × 0.09712
+ rs738409 (GG) × 0.78377.
When applied to 250 patients with alcoholic
cirrhosis, scores ranged from 2.20-9.25. The cut-off
values for calculated score were below 5, between 5
and 7, and above 7, respectively. 6-year incidence of
HCC increased according to stratification of three risk
groups.
There was another risk prediction model sug
[53]
gested from United States . By Cox proportional
hazards regression model, clinical and demographic
data (including age, sex, smoking status, alkaline
phosphatase level, and platelet count) and Epidermal
Growth Factor Gene genotype (GG) was used to
predict HCC risk. The cohort was stratified into three
groups depending on the risk of HCC development.

CONCLUSION
This review summarizes prediction models of HCC
development in CHB patients (Tables 1 and 2). HCC
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Table 2 Comparisons of published hepatocellular carcinoma prediction models

Number of patients
Place of development
Race
Age (yr)
HBeAg-negative (%)
Cirrhosis (%)
Follow-up (yr)
Antiviral therapy (%)
HCC (%)
Components of the risk scores

Risk scores

IPM

CU-HCC

GAG-HCC

REACH-B

LSM-HCC

mREACH-B

PAGE-B

994
South Korea
Asian

1005
Hong Kong
Asian
48
38.1
9.94
15.1
105 (10.4)
Age
Albumin
Bilirubin
Cirrhosis

820
Hong Kong
Asian
40.6
56.6
15.1
5.62
0
40 (4.9)
Age
Male
BCP mutation
Cirrhosis

1035
Hong Kong
Asian
46
75
32
5.8
38
38 (3.7)
Age
Albumin
HBV DNA
LS value

HBV DNA

1308
South Korea
Asian
50
60.3
17.8
6.3
64.8
125 (9.6)
Age
Male
ALT
HBeAgpositive
LS value

1325
Europe
Caucasian
52
84
20
3.6
100
51 (3.8)
Age
Male
Platelet

HBV DNA

3584
Taiwan
Asian
45.7
84.8
0
12
0
131 (3.7)
Age
Male
ALT
HBeAgpositive
HBV DNA

Low (< 5)
Intermediate
(5-19)
High (> 19)
97% at 10 yr

Low (< 100)

Low (0-5)
Intermediate
(6-11)
High (12-18)
98% at 10 yr

Low (< 11)

Low (< 10)

High (≥ 11)
99.4% at 5 yr

High (≥ 10)
96.8% at 5 yr

Low (≤ 9)
Intermediate
(10-17)
High (≥ 18)
100% 5 yr

2.7
90 (0.1)
Age
Male
Platelet
Cirrhosis
Albumin
AFP
Heavy
alcoholics
Low (< 5)
Intermediate
(5-15)
High (> 15)

NPV (%)

High (≥ 100)
99% at 10 yr

HCC: Hepatocellular carcinoma; HBeAg: Hepatitis B e antigen; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; LS: Liver stiffness; AFP:
α-fetoprotein; NPV: Negative predictive value.

risk scores can accurately predict subsequent HCC
development in CHB patients. Different levels of care
and different intensities of HCC surveillance should be
offered according to the patient’s risk profile. Patients
in the high-risk category should be offered antiviral
therapy, as well as appropriate HCC surveillance.
Effective suppression of HBV replication by antivi
ral therapy can reduce risk for HCC development.
However, antiviral therapy does not eliminate the
HCC risk completely, because of the presence of virus
integrated into the host genome. The HCC risk is
higher in cirrhotic than non-cirrhotic patients. Antiviral
therapy with no risk of resistance such as entecavir or
tenofovir should be initiated before cirrhosis occurs.
HCC prediction models can help optimize antiviral
therapy based on the level of HCC risk. It should be
adjusted for patients who are already on treatment.
Decisions regarding who needs treatment and regular
surveillance should be individualized using HCC risk
prediction models.

are needed to validate these biomarkers. In addition,
simple, user-friendly models for primary care providers
would facilitate referral of high-risk patients.
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Abstract

LDR and 5-FU when compared to the intestinal mucositis
control group. Ileal mucosal thickness was significantly
improved (19%) in animals with intestinal mucositis
and treated with LDR. In xenopus oocytes expressing
AQP4 water channels, RE blocked swelling induced by a
decrease in external osmotic pressure which indicated
that water influx across the epithelial barrier was
selectively blocked by RE.

AIM
To investigate the effects of orally gavaged aqueous
rhubarb extract (RE) on 5-fluorouracil (5-FU)-induced
intestinal mucositis in rats.
METHODS
Female Dark Agouti rats (n = 8/group) were gavaged
daily (1 mL) with water, high-dose RE (HDR; 200 mg/
kg) or low-dose RE (LDR; 20mg/kg) for eight days.
Intestinal mucositis was induced (day 5) with 5-FU
(150 mg/kg) via intraperitoneal injection. Intestinal
tissue samples were collected for myeloperoxidase
(MPO) activity and histological examination. Xenopus
oocytes expressing aquaporin 4 water channels were
prepared to examine the effect of aqueous RE on cell
volume, indicating a potential mechanism responsible
for modulating net fluid absorption and secretion in
the gastrointestinal tract. Statistical significance was
assumed at P < 0.05 by one-way ANOVA.
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INTRODUCTION
Traditional herbal medicines have been used for
centuries in the maintenance and improvement of
health or the treatment of illnesses. Globally, ancient
herbal remedies have been created based on theories,
beliefs and experiences representing various cultures
[1]
at different times throughout history . Consequently,
traditional herbal medicines are being investigated
increasingly for their potential to treat and reduce
the symptoms of a wide variety of diseases and dis
orders, specifically cancer and its treatment-related
side-effects. Many cancer patients seek alternative
medicines that will complement their standard-care
treatments with the hope that they will improve
symptoms associated with either the cancer or their
[2]
anti-cancer treatments .
Cancer is a life-threatening illness affecting millions
of individuals world-wide. In westernized countries
approximately 50% of the population will develop
[3]
cancer before the age of 85 . Chemotherapy forms
one of the most common strategies for cancer
treatment. Cytotoxic chemotherapy drugs, such as
5-fluorouracil (5-FU), act by inhibiting DNA synthesis
of not only malignant cells, but also rapidly dividing
[4]
cells lining the intestinal mucosa . An increase in cell
apoptosis stimulates the production of reactive oxygen
species (ROS) and pro-inflammatory cytokines such
as tumour necrosis factor-α (TNF-α), interleukin-1β
(IL-1β) and IL-4 resulting in further tissue and blood
[5,6]
vessel damage
. This cascade of events results
in a range of debilitating clinical side-effects, from
nausea and vomiting to inflammation and ulceration
of the gastrointestinal tract; and sepsis may occur
[7,8]
if untreated . These painful and life-threatening
side-effects collectively form a disorder known as
intestinal mucositis which affects approximately 60%
[9]
of patients undergoing chemotherapy . Current
therapies for intestinal mucositis seek to reduce the
severity of symptoms rather than acting as a curative

RESULTS
Bodyweight was significantly reduced in rats
administered 5-FU compared to healthy controls (P <
0.01). Rats administered 5-FU significantly increased
intestinal MPO levels (≥ 307%; P < 0.001), compared
to healthy controls. However, LDR attenuated this
effect in 5-FU treated rats, significantly decreasing
ileal MPO activity (by 45%; P < 0.05), as compared
to 5-FU controls. 5-FU significantly reduced intestinal
mucosal thickness (by ≥ 29% P < 0.001) as compared
to healthy controls. LDR significantly increased ileal
mucosal thickness in 5-FU treated rats (19%; P < 0.05)
relative to 5-FU controls. In xenopus oocytes expressing
AQP4 water channels, RE selectively blocked water
influx into the cell, induced by a decrease in external
osmotic pressure. As water efflux was unaltered by
the presence of extracellular RE, the directional flow of
water across the epithelial barrier, in the presence of
extracellular RE, indicated that RE may alleviate water
loss across the epithelial barrier and promote intestinal
health in chemotherapy-induced intestinal mucositis.
CONCLUSION
In summary, low dose RE improves selected parameters
of mucosal integrity and reduces ileal inflammation,
manifesting from 5-FU-induced intestinal mucositis.
Key words: Fluorouracil; inflammation; mucositis; rats;
rheum
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Aqueous rhubarb extract partially improved
selected parameters of 5-fluorouracil (5-FU)-induced
intestinal mucositis in rats. Exposure to 5-FU decreased
bodyweight, yet high-dose rhubarb extract (RE) and lowdose RE (ldr) showed no changes. myeloperoxidase
activity was significantly decreased in rats treated with
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Figure 1 Directional blockade of water flux through an aquaporin-4 channel by reconstituted aqueous rhubarb extract. A: Diagram of a water channel
illustrating the intra-subunit water pores in each subunit of the tetramer; B: Illustration of the volume changes induced by osmotic gradients in mammalian AQP4expressing Xenopus oocytes; C: Dose-dependent blockade of swelling but not shrinking responses by rhubarb extract (RE) in AQP4-expressing oocytes; D: Diagram
of the hypothesized effect of blockade by extracellular RE at AQP4 channels present in the basolateral side of intestinal barrier epithelial cells, predicted to result in
enhanced net fluid absorption.
[10,11]

or preventative measure
. Thus, treatments are
required with the potential to eliminate or reduce the
adverse side-effects of cancer chemotherapy.
Recently, in experimental systems, plant extracts
®
such as grape seed extract (GSE) and Iberogast have
been investigated as potential treatments for intestinal
mucositis on the basis of their anti-inflammatory and
[12-14]
antioxidant constituents
. Indeed, plant-sourced
molecules and compounds are commonly percei
ved to be safer therapeutics compared to synthetic
[15]
compounds . There are limited studies on the phar
macology of herbal medicines, yet such extracts may
offer protection against intestinal mucositis in an
experimental setting. The scientific study of further
plant-based extracts is therefore warranted.
Rhubarb, Rheum spp., is a herbaceous perennial
plant with a long, fleshy stalk, commonly used for
cooking and medicine. Dried rhubarb rhizomes were
traditionally used in Chinese medicine as a natural
remedy for gastrointestinal complications including
[16]
diarrhoea, constipation and inflammation . The
pharmacological effects have been attributed to the
[17,18]
stalk of the plant
. Two main active constituents
(ethanol-soluble and water soluble) have been

WJG|www.wjgnet.com

classified in rhubarb stalks. Anthraquinones form the
main ethanol-soluble active constituent of rhubarb
[14]
stalks . These constituents have exhibited a diar
rhoeal effect in mice providing a possible purgative
[18]
mechanism of action . In contrast, the aqueous
extract of rhubarb has recently demonstrated antidiarrhoeal properties, believed to be mediated by
tannins through regulation of intestinal water secre
[18]
tion and absorption . Importantly, chemotherapy
recipients experiencing intestinal mucositis have
altered membrane integrity and impaired water
[7,19]
absorption and secretion
.
Aquaporins (AQPs) are integral membrane proteins
responsible for the regulation of water transport
[20,21]
across a membrane via an osmotic gradient
.
Aquaporin channels are tetramers with a water pore
located in each subunit of the channel (Figure 1A).
Water molecules move in single file through aquaporin
pores, down osmotic and hydrostatic gradients. As
one molecule enters via the extracellular region of
the channel, another molecule is displaced into the
[22]
cytoplasm and vice versa . Currently, 13 mammalian
AQPs have been identified (AQP 0-12). AQPs are
abundant in tissues reliant on high water permeability
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[21,23]

to maintain correct function
and are involved
in metabolic processes such as kidney, lung, brain
[24-26]
and gastrointestinal function
. In the human
gastrointestinal tract, AQPs 3, 7 and 8 are expressed
throughout the mucosal epithelia, and AQP1 is present
in endothelial cells of the vasculature. In early stage
inflammatory bowel disease, tight junctions and
transport systems are impaired, leading to a leaky
epithelium. Clinical human biopsies showed that levels
of expression of AQPs1 and 3 are reduced in Crohn’s
Disease and AQPs 7 and 8 are decreased in ulcerative
colitis, based on quantitative PCR and immunolabelling
[27]
assays . As well, the typical apical localisation of
AQP8 in bowel was lost, and the appearance of a faint
basolateral signal suggested intestinal epithelial cell
polarity was disrupted.
Aquaporin-4 (AQP 4) is believed to provide the
principal mechanism for bidirectional water transport
across the basolateral membrane of small intestinal
[28]
enterocytes . These water channels ensure that
efficient water absorption and secretion is maintained,
thus allowing for adequate hydration and optimal
[29]
[17]
stool consistency . Liu et al
demonstrated that
the anti-diarrhoeal effect of rhubarb tannins extract
occurred via the inhibition of AQP 2 and 3 expression
in vitro and in a mouse model of magnesium sulphateinduced diarrhoea. In addition, the water-soluble
polysaccharides of rhubarb have protected the
gastrointestinal tract against inflammation resulting
from 2,4,6-trinitrobenzene sulfonic acid-induced
[17]
colitis . The anti-inflammatory mechanism of action
underlying rhubarb extract (RE) remains unclear;
however, it is thought that tannins may reduce the
production of pro-inflammatory cytokines such as IL-4
[17]
and IFN-γ . Consequently, RE was explored for its
anti-inflammatory potential in intestinal mucositis and
its potential to influence water transport across the
[17,18]
intestinal mucosa
.
In the current study, an aqueous fraction of rhubarb
was investigated for its potential to reduce intestinal
damage induced by the antimetabolite chemotherapy
drug, 5-FU in rats. It was hypothesised that RE
would decrease the severity of intestinal mucositis by
improving histopathological parameters and potentially
regulate faecal output via water secretion into the
intestinal lumen.

were obtained for every 500 g of fresh rhubarb.
Based on fractionation of the extract, the active agent
appears to be a water-soluble ethanol-insoluble
glycopeptide. Lectin array profiling has indicated that
mannose and N-acetylglucosamine are predominant
components of the carbohydrate structure. The precise
chemical structure and possible presence of more
than one isoform with biological activity remains to be
determined.

Animal trial, metabolism data and disease Activity index

Six week old female Dark Agouti rats (n = 32;
110-150 g) were sourced from the Animal Resources
Centre (Western Australia) and Laboratory Animal
Services (The University of Adelaide, South Australia).
All animal experimentation was approved by the
Animal Ethics Committee of the University of Adelaide
(S-2010-111). The animal protocol described in this
study was designed to minimise pain or discomfort
to the animals and complied with the National Health
and Medical Research Council Code of Practice for
Animal Care in Research and Teaching. Prior to the
experimentation period, rats were individually housed
in Tecniplast™ (PA, United States) metabolism cages
for 48 hours to acclimatise. Rats received ad libitum
[30]
water and 18% Casein diet
and were exposed to
a 12 h light-dark cycle in a temperature controlled
room (22 ℃). After the acclimatisation phase, rats
were randomly allocated to four treatment groups
(n= 8/group): Water + Saline, Water + 5-FU, LowDose Rhubarb (LDR; 20 mg/kg BW) + 5-FU and
High-Dose Rhubarb (HDR; 200 mg/kg BW) + 5-FU.
Water, HDR and LDR (1 mL) were administered daily
via orogastric gavage on days 0 to 7. LDR dose for
gavage was based on the estimated dose required to
block aquaporin water channel activity in the oocyte
expression system, and the dose HDR was selected as
a 10 fold higher concentration for comparison.
Daily recordings of body weight, feed and water
intake and faecal and urine output were conducted.
Faecal pellets were collected daily, weighed and placed
in a drying oven at 70 ℃ for 72 h. The percentage
weight loss was used as an indication of moisture
content in the faecal samples. On day 5, rats were
injected with 5-FU (150 mg/kg BW; Hospira Australia
Pty Ltd, Melbourne, Victoria) to induce intestinal
mucositis. The single high dose of 5-FU used in the
current study was determined from previous studies in
[31]
our laboratory . Following 5-FU administration, daily
disease activity index (DAI) scoring was performed by
a blinded researcher based on overall condition, weight
loss and stool consistency. Each parameter was scored
based on a scale of 0 (normal) to 3 (maximal severity)
giving a maximum daily total of 9 for severely affected
[32,33]
rats
.

MATERIALS AND METHODS
RE preparation

Rhubarb stems (2.5 kg) were sectioned (1 cm) and
boiled with absolute ethanol to remove alcohol-soluble
components. Once cooled, the liquid was discarded
and the residues were further boiled with water.
The aqueous rhubarb components were retained
[17]
for dehydration to obtain a concentrated powder .
Dehydration was conducted by freeze-drying at the
South Australian Research and Development Institute,
West Beach, South Australia. Four grams of powder
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Blood, organ and tissue collection

Rats were humanely euthanized on day 8 via carbon
dioxide asphyxiation. Day 8 of the experimental period
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represented 3 d post 5-FU exposure and due to the
acute nature of 5-FU-induced intestinal mucositis,
this was determined to be the optimal day when
histological damage in the intestine was most evident.
The gastrointestinal tract was removed and emptied,
then the lengths of each section [duodenum, jejunum,
jejuno-ileum junction (JI), ileum and colon] were
recorded and weighed.
Segments (2 cm and 4 cm) of the small intestine
tract were collected at approximately 10% (jejunum)
and 90% (ileum) of the total small intestine length
for histological and biochemical analysis, respectively.
Samples for histological analysis were fixed in 10%
buffered formalin for 24 h and transferred to 70%
ethanol for preservation. Segments for biochemical
analysis were weighed and snap-frozen in liquid
nitrogen prior to storage at -80 ℃. The remaining
thoracic and abdominal organs (thymus, lungs, heart,
spleen, kidneys, liver, stomach and caecum) were
weighed and discarded.

Eclipse 50i light microscope (Nikon Cooperation,
Japan) and a ProGres C5 digital camera (Jenoptik,
Germany). Intestinal sections were also analysed
quantitatively using disease severity scores based on
[32]
11 criteria described by Howarth et al . Each criterion
was scored on a scale of 0 (normal) to 3 (severely
damaged) for five cross-sections of each intestinal
region. The median score for each criterion was
calculated and the scores of all criteria were summed
to give an overall disease severity score; with a score
[32,33]
of 33 indicating maximal tissue damage
.

Xenopus oocyte preparation

Unfertilized oocytes from Xenopus laevis were prepared
[35,36]
as described previously
and maintained in ND96
saline (96 mmol/L NaCl, 2 mmol/L KCl, 1 mmol/L
MgCl2, 1.8 mmol/L CaCl2, and 5 mmol/L HEPES, pH
7.55) supplemented with 100 µg/ml penicillin,100
U/ml streptomycin, and 10% horse serum. Oocytes
were injected with 50 nl of water containing 1 ng of
rat AQP4 wild-type cRNA and were incubated for 2 or
more days at 16-18 ℃ prior to osmotic swelling and
shrinking assays in saline without antibiotics or serum.
Hypotonic saline (50%) was prepared by diluting
isotonic saline with an equal volume of water, whilst
200% hypertonic saline was prepared by doubling the
NaCl concentration of the saline. Volume change rates
were measured by videomicroscopy at 0.5 frames/s
over 30 s using NIH ImageJ software (http://rsbweb.
[35,36]
nih.gov/ij/), as described previously
.

Biochemical analysis

Myeloperoxidase (MPO) is an enzyme present in the
intracellular granules of neutrophils and provides
a quantitative analysis of acute inflammation. The
assay was performed with slight modification from
[34]
Beyer et al . Segments of the small intestinal tract
(jejunum, JI and ileum; 4 cm) were thawed and
prepared for MPO assay via homogenization in 10
mmol/L phosphate buffer (pH 6.1). Homogenised
samples were centrifuged at 13000 rpm for 12 min
and the supernatant was discarded. The remaining
pellet was resuspended with 0.5% hexadecyltrimethyl
ammonium bromide buffer and vortexed prior to a
final centrifuge (13000 rpm for 2 min). Supernatant
from each sample (50 µL aliquot) was dispensed into
a 96-well plate and the MPO reaction was initiated
with an O-dianisidine dihydrochloride solution (200
µL/well; 4.2 mg O-dianisidine dihydrochloride, 12.5
µL hydrogen peroxide (30%) in 2.5 mL potassium
phosphate buffer (50 mmol/L, pH 6.1) and 22.5 mL
distilled H2O). A spectrometer (Victor X4 Multilabel
Reader, Perkin Elmer, Singapore) measured absor
bance (450 nm) at one minute intervals over a 15
min period. The change in absorbance was used to
calculate MPO activity within a tissue sample (MPO
units/g of intestinal tissue).

Statistical analysis

Statistical analyses were conducted using IBM SPSS
Statistics version 19 for Windows (SPSS Inc., Chicago,
IL, United States) and GraphPad Prism 6.02 for
Windows (GraphPad Software Inc., San Diego, CA,
United States). Normality tests were performed on all
data sets to determine parametric and non-parametric
data. All parametric data (metabolic data, MPO activity
and villus height/crypt depth measurements) was
analysed using one-way ANOVA with Tukey post
hoc test. Non-parametric data (DSS and DAI) was
analysed using Kruskal-Wallis with Mann Whitney U
post hoc test. All data were expressed as mean ± SEM
with the exception of disease severity scores which
were expressed as medians and range. Values of P <
0.05 were considered significant.

Histological analysis

RESULTS

Intestinal samples stored in 70% ethanol were
embedded with paraffin wax and cross-sectioned at 4
µm. Histological slides were stained with haematoxylin
and eosin for qualitative and quantitative analysis.
Qualitative measurements of 40 villus and crypts
per intestinal section (jejunum, JI and ileum) were
performed blinded using Image ProPlus software for
Windows (version 5.1.1; Media Cybernetics, Silver
Spring MD, United States) connected to a Nikon
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Dose-dependent blockade of AQP4 water channel
activity by extracellular aqueous RE

Cloned rat AQP 4 water channels expressed in Xenopus
oocytes were analysed quantitatively for osmoticallydriven changes in cell volume in the presence and
absence of dried reconstituted aqueous RE. Decreased
external osmotic pressure (50% hypotonic saline)
induced a volume increase (swelling) that was blocked
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Table 1 Total daily food (g) and water (mL) intake, and
faecal (g) and urine (mL) output for the trial period prior to
the administration of 5-FU (days 1 to 5)

Food intake (g)
Water Intake (mL)
Wet faecal output (g)
Urine output (mL)

Water

LDR

HDR

51.0 ± 0.7
122.5 ± 7.3
6.2 ± 0.3
79.3 ± 5.6

52.3 ± 2.0
129.4 ± 12.0
6.8 ± 0.3
79.8 ± 6.1

53.8 ± 1.0
115.0 ± 7.1
6.6 ± 0.4
85.8 ± 5.0

Table 2 Total daily food (g) and water (mL) intake, and
faecal (g) and urine (mL) output for the trial period after the
administration of 5-FU (days 6 to 8)

Food intake (g)
Water intake (mL)
Wet faecal output (g)
Urine output (mL)

Rats were gavaged daily with water, LDR or HDR (1 mL); data expressed
as mean (g or mL) ± SEM. LDR: Low-dose RE; HDR: High-dose RE; RE:
Rhubarb extract.

104

b

b

Starting Body weight change (%)

102
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94
92
90
88
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Figure 2 Daily change in starting bodyweight (%) from days 0 to 8 in rats
gavaged with water, LDR or HDR and intraperitoneally injected with saline
or 5-FU on Day 5. Data are expressed as mean ± SEM. Mean values of 5-FU
controls and 5-FU + LDR and 5-FU + HDR were significantly different when vs
water + saline controls; bP < 0.01. LDR: Low-dose RE; HDR: High-dose RE;
RE: Rhubarb extract.

HDR +
5-FU

29.1 ± 0.6
75.0 ± 4.3
3.3 ± 0.2
47.5 ± 4.7

11.5 ± 1.6e
94.4 ± 7.7
2.9 ± 0.3
64.5 ± 6.7

7.8 ± 0.6
107.2 ± 5.1
2.1 ± 0.3
71.0 ± 2.1

5.2 ± 1.4d
90.6 ± 12.9
1.7 ± 0.3c
70.6 ± 10.4

Bodyweight change

A reduction in feed intake was consistent with de
creased bodyweight after 5-FU administration (Figure
2). Prior to inducing intestinal mucositis with 5-FU, RE
had no significant effect on bodyweight. Treatment with
5-FU resulted in a significant reduction in bodyweight
compared to normal controls (P < 0.01). However,
compared to 5-FU controls, HDR and LDR had no effect
on mean bodyweight following 5-FU administration.

by RE (Figure 1B and C). In contrast, the volume
decrease (shrinking) induced by 200% hypertonic
saline was not significantly altered by RE (Figure 1B
and C), indicating that the blocking effect of RE was
directional. In the presence of extracellular RE, water
influx into the cell mediated by AQP4 was selectively
blocked, whereas water efflux was not altered,
providing a potentially useful tool for differentially
modulating net fluid absorption and secretion in
the gastrointestinal tract. The current ex vivo study
predicted that RE would act on basolateral AQP 4
channels and alleviate water loss across the barrier
epithelium (Figure 1D), thereby promoting intestinal
health in the experimental setting of chemotherapyinduced intestinal mucositis.

DAI score

Administration of 5-FU significantly increased DAI
scores in comparison to healthy controls (P < 0.01;
Figure 3). Days 6 and 8 produced significantly greater
DAI scores in 5-FU treated rats administered HDR
and LDR, respectively, compared to 5-FU controls;
otherwise, RE treatments had no significant effect on
symptomatic disease activity.

Metabolic data and faecal moisture content

Visceral gastrointestinal organ weights and lengths

Low dose rhubarb (LDR) and high dose rhubarb
(HDR) had no significant effect on metabolic
parameters (bodyweight, feed and water intake and
faecal and urine output) when compared to controls
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LDR +
5-FU

prior to administration of 5-FU (Table 1). After 5-FU
administration, feed intake was significantly decreased
(by 60%; P < 0.001) in comparison to healthy
controls (Table 2). Furthermore, in 5-FU treated rats
administered HDR, feed intake was further reduced
by 55% when compared to 5-FU controls (P < 0.01).
However, normal feed intake was maintained in 5-FU
treated rats administered LDR. Although feed intake
was significantly reduced in 5-FU controls, there was
no reduction in wet faecal output compared to healthy
controls. However, in 5-FU treated rats administered
HDR, faecal output was reduced by 41% in comparison
to 5-FU controls. There were no significant effects on
water intake and urine output between control and RE
treatment groups (Table 2). Similarly, no significant
effects on faecal moisture content were evident
among all treatment groups, before or after 5-FU
administration (data not shown).

Water + saline
Water + 5-FU
LDR + 5-FU
HDR + 5-FU

98

Water +
5-FU

Rats were gavaged daily with water, LDR or HDR (1 mL) and received an
intraperitoneal injection of either saline or 5-FU on day 5. cP < 0.05, dP < 0.01
vs water + 5-FU; eP < 0.001 vs water + saline. All values are expressed as
mean [% relative to bodyweight (× 10-2)] ± SEM. LDR: Low-dose RE; HDR:
High-dose RE; RE: Rhubarb extract.

b

100

Water +
saline

Visceral and gastrointestinal organ weights were
expressed as a proportion of bodyweight (Tables 3
and 4). Reductions in relative thymus (by ≥ 35%; P
< 0.001) and relative spleen weight (by ≥ 23%; P
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Water + saline
Water + 5-FU
LDR + 5-FU
HDR + 5-FU

Disease activity index score

2.5
c

2.0
1.5

Table 4 Gastrointestinal organ weights of rats gavaged daily
with water, low-dose and high-dose rhubarb extract (1 mL)
during an 8-d rial period and administered an intraperitoneal
injection of saline or 5-fluorouracil on day 5
c

e

Duodenum
Jejunum and ileum
Colon

b
b

1.0

LDR +
5-FU

HDR+
5-FU

0.2 ± 0.0
2.1 ± 0.1
0.5 ± 0.0

0.2 ± 0.0
1.9 ± 0.0b
0.5 ± 0.0

0.2 ± 0.0
1.9 ± 0.2
0.7 ± 0.0d

0.2 ± 0.0
1.9 ± 0.1
0.6 ± 0.0

P < 0.01 vs water + saline; dP < 0.01 vs water + 5-FU. All values are
expressed as mean (% relative to bodyweight) ± SEM. LDR: Low-dose RE;
HDR: High-dose RE; RE: Rhubarb extract.
Day 6

Day 7

Day 8

Figure 3 Effects of rhubarb extract and 5-fluorouracil on disease activity
scores on days 6 to 8 of the experimental period. Rats received a daily
water, HDR or LDR gavage for an 8-d trial period and an intraperitoneal
injection of 5-FU or saline on day 5. Disease activity scores were assigned on
Days 6 to 8 based on overall condition, weight loss, stool consistency and rectal
bleeding. bP < 0.01, eP < 0.001 vs water + saline; cP < 0.05 vs water + 5-FU.
LDR: Low-dose RE; HDR: High-dose RE; RE: Rhubarb extract.

Table 5 Gastrointestinal organ lengths of rats gavaged daily
with water, low-dose and high-dose rhubarb extract (1 mL)
during an 8-d trial period and administered an intraperitoneal
injection of saline or 5-fluorouracil on day 5

Duodenum
Jejunum and ileum
Colon

Table 3 Visceral organ weights of rats gavaged daily with
water, low-dose or high-dose rhubarb extract (1 mL) during
an 8-d trial period and administered with an intraperitoneal
injection of saline or 5-fluorouracil on day 5
Water +
saline
Thymus
Heart
Lung
Liver
Spleen
Kidneys
Caecum
Stomach

Water +
5-FU

b

0.5
0.0

Water +
saline

14.6 ± 1.3
37.5 ± 0.8
60.0 ± 2.2
362.9 ± 6.5
20.3 ± 0.5
75.6 ± 5.3
39.7 ± 1.1
57.3 ± 2.6

Water +
5-FU
e

6.6 ± 0.5
39.0 ± 1.0
63.0 ± 2.5
362.7 ± 11.0
15.6 ± 0.3e
86.5 ± 1.7
43.7 ± 2.4
55.3 ± 1.1

LDR +
5-FU

HDR +
5-FU

9.4 ± 0.6
39.4 ± 0.8
67.3 ± 4.7
358.8 ± 7.2
15.2 ± 0.4
88.7 ± 1.1
49.2 ± 2.5
58.8 ± 0.9

9.5 ± 0.9
39.1 ± 0.7
71.9 ± 3.0
339.7 ± 7.2
14.6 ± 0.5
89.4 ± 2.7
47.0 ± 2.1
61.9 ± 1.2

Water +
5-FU

LDR +
5-FU

HDR+
5-FU

5.5 ± 0.2
71.6 ± 2.3
11.1 ± 0.3

4.8 ± 0.1
64.8 ± 0.9a
10.6 ± 0.4

5.1 ± 0.2
62.9 ± 1.8
11.2 ± 0.2

4.8 ± 0.2
63.5 ± 1.7
10.8 ± 0.4

a

P < 0.05 vs water + saline. All values expressed as mean (cm) ± SEM. LDR:
Low-dose RE; HDR: High-dose RE; RE: Rhubarb extract.

this effect was not evident in the duodenum and colon.
The administration of HDR and LDR to 5-FU treated
rats had no effect on gastrointestinal organ lengths in
comparison to 5-FU controls.

Disease severity score

Healthy small intestinal sections achieved median
disease severity scores of ≤ 2. Administration of 5-FU
caused significant damage to intestinal structure in
the jejunum, JI and ileum; achieving median (range)
scores of 21 (18-30), 21 (14-27) and 22 (17-25),
respectively, when assessed by semi-quantitative
histological scores based on 11 parameters (Figure
4). However, RE had no significant effect on intestinal
structure, relative to 5-FU controls.

e

P < 0.001 vs water + saline. All values are expressed as mean [% relative
to bodyweight (× 10-2)] ± SEM. LDR: Low-dose RE; HDR: High-dose RE;
RE: Rhubarb extract.

< 0.001) were apparent in all rats treated with 5-FU
when compared to healthy controls (Table 3). In 5-FU
treated rats, HDR and LDR had no significant effect on
visceral organ weights compared to 5-FU controls.
A significant decrease in the combined jejunum
and ileum relative weight (by ≥ 10%; P < 0.01) was
evident in all 5-FU treated rats (Table 4). However, this
effect was not present in the duodenum. There was also
no effect of HDR or LDR on relative duodenum weight
and the combined relative weights of jejunum and
ileum in 5-FU treated rats, compared to 5-FU controls.
Administration of 5-FU had no effect on relative colon
weight in comparison to healthy controls. However,
when compared to 5-FU controls, administration of
LDR to 5-FU treated rats significantly increased colon
weight (29%; P < 0.01). Additionally, 5-FU significantly
reduced the combined jejunum and ileum length in
comparison to healthy controls (Table 5). However,
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Water +
saline

MPO activity

Increased intestinal MPO activity is a common feature
[31]
of chemotherapy-induced intestinal mucositis .
When compared to healthy controls, 5-FU resulted
in increased MPO activity by 780% in the jejunum
and 310% in the JI and ileum (Figure 5). RE had
no significant effect on MPO activity within the
jejunum and the JI in 5-FU treated rats. However,
administration of LDR to 5-FU treated rats resulted in
reduced MPO activity by 45% (P < 0.05) in the ileum,
compared to 5-FU controls.

Villus height, crypt depth and mucosal thickness

The combined measurements of villus height and
crypt depth provided an overall indication of mucosal
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Water + saline
Water + 5-FU
LDR + 5-FU
HDR + 5-FU

Crypt depth (mm) villus height (mm)

Median disease severity

4.0

600

3.0

2.0

1.0

f

f

f
0.0

Water + saline
Water + 5-FU
LDR + 5-FU
HDR + 5-FU

f

500
a

400

f

300

c

a

f

200

e

c

100
0
-100

Jejunum

JI

Ileum

-200

Jejunum

JI

Ileum

800

Mucosal thickness (mm)

Figure 4 Histological damage assessed by semi-quantitative disease
severity score of the jejunum, jejuno-ileum and ileum of rats. Data are
expressed as median score (range). Mean values were significantly different
vs water + 5-FU (fP < 0.001). JI: Jejuno-ileum; LDR: Low-dose RE; HDR: Highdose RE; RE: Rhubarb extract.
Water + saline
Water + 5-FU
LDR + 5-FU
HDR + 5-FU

2500

Water + saline
Water + 5-FU
LDR + 5-FU
HDR + 5-FU

f
600
f
400

f
c

200

0

Jejunum

JI

Ileum

MPO activity (U/g)

2000

Figure 6 Combination of villus height and crypt depth as a repre
sentation of overall mucosal thickness in female Dark Agouti rats. Effects
of RE and 5-FU on villus height and crypt depth in female Dark Agouti rats.
Rats received a daily water, HDR or LDR gavage for an 8-d trial period and
an intraperitoneal injection of 5-FU or saline on Day 5. Mean values were
significantly different vs water + 5-FU (cP < 0.05, fP < 0.001). aP < 0.05, eP <
0.001 vs water + saline. JI: Jejuno-ileum; LDR: Low-dose RE; HDR: High-dose
RE; RE: Rhubarb extract.

1500
1000
500
0

c
f

f

f
Jejunum

JI

Ileum

effect of chemotherapy treatment. The current
study utilised a rat model of intestinal mucositis to
investigate the potential for aqueous RE to protect
against damage to the intestinal mucosa and regulate
water transport in the intestine. The water-soluble
components of rhubarb appeared to target more distal
regions of the alimentary tract, partially improving
selected parameters of the ileum, such as mucosal
thickness and MPO activity associated with the clinical
manifestations of 5-FU-induced intestinal mucositis.
Administration of 5-FU significantly decreased feed
[12,31,37]
intake and bodyweight as previously described
.
A reduction in feed intake and bodyweight is observed
in cancer patients due to nausea and pain associated
[38,39]
with chemotherapy treatment
. Interestingly, in
the current study, daily administration of HDR to 5-FU
treated rats further reduced appetite but maintained
bodyweight. It is therefore plausible that the caloric
index of HDR may have been contributing to the
reduced appetite, yet maintenance of bodyweight in
the rats receiving high dose RE.
In the current study, intraperitoneal administration
of 5-FU caused significant damage to small intestinal
structure, further impacting on intestinal weight and
length. Previous studies of experimental intestinal
mucositis have noted a correlation between small

Figure 5 Myeloperoxidase activity present in the jejunum, jejuno-ileum
and ileum of rats gavaged with water, low-dose or high-dose rhubarb
extract (1 mL) for an 8-d trial period. Rats received an intraperitoneal
injection of saline or 5-FU on day 5. Data were expressed as mean [MPO Units
(U)/g] ± SEM. Mean values were significantly different (fP < 0.001) vs water +
5-FU. cP < 0.05 vs water + 5-FU. JI: Jejuno-ileum; LDR: Low-dose RE; HDR:
high-dose RE; RE: Rhubarb extract.

thickness and thus, damage (Figure 6). Administration
of 5-FU significantly decreased mucosal thickness
by 29% in the jejunum, and 34% in both the JI and
ileum when compared to healthy controls. RE had no
significant effect on villus height and crypt depth in
the jejunum, compared to 5-FU controls. This effect
was mirrored in the JI, with the exception of crypt
depth which was significantly greater (P < 0.05) in
5-FU treated rats receiving HDR. More importantly,
administration of LDR to 5-FU treated rats resulted in
significantly greater ileal villus heights and crypt depths
relative to 5-FU controls; significantly increasing overall
ileal mucosal thickness by 19% (Figure 7).

DISCUSSION
Intestinal mucositis remains a debilitating side-
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A

B

C

Figure 7 A comparison of the histological structure of ileal sections in a healthy rat (A), after administration of 5-FU (B) and rats treated with LDR + 5-FU (C).
Ileum sections of rats from the LDR + 5-FU treatment group (C) exhibited improved mucosal integrity as demonstrated by more defined villi and crypts in comparison
to water + 5-FU controls (B). The black line on each diagram represents villus height in each section which was significantly shorter in 5-FU controls. Sections were
stained with haematoxylin and eosin and mucosal thickness was analysed by quantitative measurements of villus height and crypt depth. Original photographs were
captured at 4 × magnification. LDR: Low-dose rhubarb extract.

have exerted an anti-oxidative effect, mediated by
the water soluble polysaccharides of rhubarb which
may have protected the intestinal mucosa against
cell apoptosis; maintaining villus and crypt structure.
A reduction in ileal MPO activity by LDR in 5-FU
treated rats indicated a decrease in neutrophil activity
which further supports the anti-oxidative and antiinflammatory properties of RE. These results are
consistent with previous studies which have exploited
plant polysaccharides for their anti-inflammatory
[12,40,41]
[12,14]
and antioxidant properties
. Cheah et al
examined grape seed extract (GSE), a tannin rich byproduct of the wine and grape juice industries, in the
setting of chemotherapy-induced intestinal mucositis.
It was discovered that GSE could partially ameliorate
small intestinal inflammation and mucosal damage
caused by 5-FU cytotoxicity. Tannins, an active
constituent of GSE and possibly RE, possess the ability
to prevent the overproduction of ROS or decrease the
production of pro-inflammatory cytokines such as IL-4
[12,17]
and IFN-γ
. Further investigations are therefore
required to understand the protective and antiinflammatory mechanism of action of RE in improving
acute intestinal inflammation and damage to the
mucosa.
A significant improvement in ileal mucosal integrity
and inflammation was observed in 5-FU rats treated
with LDR, but not HDR. Limited RE studies have been

intestinal weight and mucosal integrity which was also
[13,31]
demonstrated in the current study
. Jejunum and
ileum weights were significantly decreased in 5-FU
treated rats, accompanied by increased villus and
crypt damage when compared to healthy controls.
Enterocyte apoptosis in 5-FU treated rats was likely
responsible for the reduced small intestinal weight.
However, RE administered to 5-FU treated rats had no
significant effect on intestinal weight, compared to 5-FU
controls, which suggested that RE did not enhance cell
regeneration after 5-FU toxicity.
Administration of 5-FU may result in exposure of
[6]
the submucosa to harsh luminal conditions . As a
compensatory mechanism, the muscularis externa
contracts to reduce submucosal contact with the
luminal environment in an attempt to prevent bacterial
translocation. In the current study, the length of
the total jejunum and ileum was reduced by 5-FU
treatment, as described previously by Mashtoub et
[31]
al . However, consistent with previous studies, this
effect was not present in the duodenum and colon as
5-FU damage was less severe in these regions of the
[12,13,31]
intestine
.
In the current study, LDR treatment resulted in
a significant increase in ileal villus height and crypt
depth; possibly representing LDR promoted crypt
cell regeneration and hence, increased migration of
rejuvenated cells to the villus. Alternatively, LDR may
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conducted, therefore the low and high dose range
of 20 mg/kg and 200 mg/kg were selected in the
current study to determine the effects of RE across
a broad dose range. The efficacy of RE in the current
study may therefore have been dose-dependent.
Prior to this study, the effects of RE on 5-FU-induced
mucosal damage and inflammation were unknown
and accordingly, the RE optimal concentration remains
undefined. The present study suggested that the
effectiveness of RE at varying concentrations may
follow a normally distributed relationship. Potentially,
at high concentrations (≥ 200 mg/kg BW), no
significant effects may have been observed due to
steric involution of bioactive binding sites. Further
studies are therefore required to determine the optimal
concentration to attain maximal mucosal protection.
Chemotherapy recipients experiencing intestinal
mucositis have altered membrane integrity and
[7]
impaired water absorption and secretion . Any
molecule of a similar size or shape possesses the
capability to attach to the pore vestibule and block
the transport of water through AQP channels.
Pharmacological blockers of aquaporin fluid fluxes
are thought to occlude the pore vestibule and impede
the bi-directional transport of water through the
[42-44]
channel
. In the current study, RE present in the
circulatory system may have targeted AQP 4 channels
within enterocytes, resulting in a unidirectional blo
ckade, and thereby decreased water secretion into
the lumen of the small intestine. This hypothesised
[29]
theory is further explained in Figure 1D. Wang et al
determined that AQP 4 knockout mice had significantly
higher stool moisture content in comparison to wildtype (P < 0.05). This suggested that stool consistency
was dependent on the functionality of AQP 4 channels.
This study also established that AQP 4 channels are
scarce within the large intestine. Furthermore, within
the large intestine, AQP 4 channels are only present on
[29]
the initial section of the proximal colon . Therefore, it
is probable that fluid absorption and secretion across
AQP 4 channels in the small intestine may have been
partly responsible for the moisture content of the
faeces in the current study. Further in vivo studies
should identify the expression levels of AQP 4 and
other aquaporins to determine morphological and
potential functional changes after 5-FU exposure. Qin
[18]
et al
demonstrated that aqueous RE improved stool
consistency in mice with castor oil and magnesium
sulphate-induced diarrhoea. Furthermore, aqueous
RE caused constipation when administered to normal
mice suggesting that RE may have been acting on AQP
4 channels to alter water absorption in the intestine.
Consequently, further studies are required to determine
the moisture content of caecal fluid to confirm or
refute the hypothesis that RE affects stool consistency.
This would allow for comparison of water absorption
and secretion in the small intestine, independent of the
colon. A reduction in caecal moisture content would
suggest that RE was preventing fluid secretion across
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small intestinal AQP 4 channels.
In summary, the present study demonstrated that
the ancient herbal remedy RE in its aqueous form,
at relatively low dose, offers partial protection to the
distal intestinal mucosa against tissue damage and
inflammation associated with 5-FU-induced intestinal
mucositis. Further studies are warranted to identify the
anti-inflammatory and antioxidant properties of RE via
examination of inflammatory cytokines in blood and
tissue. This provides preliminary information regarding
the potential use of RE as an adjunct to chemotherapy
to improve particular histological manifestations
of intestinal mucositis. Moreover, the reduced ileal
inflammation and improved mucosal thickness
suggests further therapeutic potential for other
gastrointestinal inflammatory disorders that ultimately
affect the more distal regions of the alimentary tract.
However, the potential drug-drug interactions of
RE and chemotherapy drugs, such as 5-FU should
be thoroughly investigated as recent studies have
[45]
highlighted concern over such interactions . Future
research should also focus on analysing moisture
content of caecal fluid to determine whether RE acts as
a unidirectional blocker of AQP 4 channels in the small
intestine. Finally, further investigation into the active
constituents of RE would be beneficial to improve our
understanding of its potential utility in bowel disease
and its associated mechanism of action.
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COMMENTS
COMMENTS
Background

The need to discover effective treatment approaches for chemotherapy-induced
intestinal mucositis is growing as cancer incidence continues to increase and
thus, the incidence of treatment-related side-effects increases. Traditional
medicines are continually being examined for their therapeutic potential in
cancer and chemotherapy settings. Accordingly, the aqueous extract of rhubarb
(Rheum Spp.) was investigated for its potential to improve intestinal integrity
and acute inflammation in experimentally-induced intestinal mucositis in rats.

Research frontiers

To our knowledge, this is the first study of its kind to identify the therapeutic
effect of aqueous rhubarb extract (RE) in experimentally-induced intestinal
mucositis.

Innovations and breakthroughs

This is the first study examining the potential for aqueous RE to improve
intestinal integrity and acute inflammation in a rat model of 5-FU-induced
intestinal mucositis.

Applications

The promising findings presented in the current study indicate that a low dose
of aqueous RE improves selected parameters of 5-fluorouracil (5-FU)-induced
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intestinal mucositis. Future studies should determine the active factor of the
compound so that it can be extracted and further examined for clinical efficacy.

12

Terminology

5-FU is a widely utilised chemotherapy drug used to treat a range of cancer
types from colon to breast cancer. It may be used independently however,
is most commonly used in combination with other chemotherapy drugs,
such as Methotrexate. RE was obtained from the stalks of the traditional
herbal medicine Rheum spp. The low dose of RE (LDR) was based on the
estimated dose required to block aquaporin water channel activity in the oocyte
expression system, and the high dose (HDR) was selected as a 10 fold higher
concentration for comparison. Aquaporins (AQPs) are integral membrane
proteins responsible for the regulation of water transport across a membrane
via an osmotic gradient. Currently, 13 mammalian AQPs have been identified
(AQP 0-12). AQPs are abundant in tissues reliant on high water permeability
to maintain correct function and are involved in metabolic processes such as
kidney, lung, brain and gastrointestinal function.

13

14

15

Peer-review

This manuscript is well written. The scientific hypothesis and the appropriate
tests are well explained and conducted. Results are fairly discussed, notably
the question of the need for further experiments investigating an optimal dose.
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Abstract

UC-associated inflammation in the colon required a
suitable animal model. Winnie mice develop a UC-like
chronic colitis and endoplasmic reticulum stress due
to a Muc2 mutation encoding a misfolded mucin-2.
We hypothesised that exacerbation of pre-existing
chronic inflammation using colitogenic dextran sulphate
sodium in a model of spontaneous colitis would induce
colorectal tumourigenesis. This study demonstrated that
exacerbation of colitis resulted in epithelial hyperplasia
in the distal colon and crypt abnormalities resembling
dysplasia. Altered expression of genes known to modify
tumour growth, specifically Cav1 , Ccl5 , Myc and Trp53 ,
in Muc2 mutants may predispose to early neoplastic
change in the inflamed colon.

AIM
To determine if exacerbation of pre-existing chronic
colitis in Winnie (Muc2 mutant) mice induces colonic
dysplasia.
METHODS
Winnie mice and C57BL6 as a genotype control, were
administered 1% w/v dextran sulphate sodium (DSS)
orally, followed by drinking water alone in weeklong cycles for a total of three cycles. After the third
cycle, mice were killed and colonic tissue collected
for histological and immunohistochemical evaluation.
Inflammation and severity of dysplasia in the colonic
mucosa were assessed in H&E sections of the colon.
Epithelial cell proliferation was assessed using Ki67
and aberrant β-catenin signalling assessed with
enzyme-based immunohistochemistry. Extracted RNA
from colonic segments was used for the analysis of
gene expression using real-time quantitative PCR.
Finally, the distribution of Cxcl5 was visualised using
immunohistochemistry.

Randall-Demllo S, Fernando R, Brain T, Sohal SS, Cook
AL, Guven N, Kunde D, Spring K, Eri R. Characterisation of
colonic dysplasia-like epithelial atypia in murine colitis. World J
Gastroenterol 2016; 22(37): 8334-8348 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i37/8334.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i37.8334

RESULTS
Compared to controls, Winnie mice exposed to three
cycles of DSS displayed inflammation mostly confined to
the distal-mid colon with extensive mucosal hyperplasia
and regenerative atypia resembling epithelial dysplasia.
Dysplasia-like changes were observed in 100% of
Winnie mice exposed to DSS, with 55% of these
animals displaying changes similar to high-grade
dysplasia, whereas high-grade changes were absent
in wild-type mice. Occasional penetration of the
muscularis mucosae by atypical crypts was observed in
27% of Winnie mice after DSS. Atypical crypts however
displayed no evidence of oncogenic nuclear β-catenin
accumulation, regardless of histological severity.
Expression of Cav1 , Trp53 was differentially regulated
in the distal colon of Winnie relative to wild-type mice.
Expression of Myc and Ccl5 was increased by DSS
treatment in Winnie only. Furthermore, increased Ccl5
expression correlated with increased complexity in
abnormal crypts. While no overall difference in Cxcl5
mucosal expression was observed between treatment
groups, epithelial Cxcl5 protein appeared to be
diminished in the atypical epithelium.

INTRODUCTION
Ulcerative colitis (UC) is a life-long immune disorder
that presents as a chronic remitting and relapsing
inflammation of the colon, which is also associated with
an increased risk of colorectal cancer. Furthermore,
the likelihood of developing cancer in the chronically
inflamed colon is increased by both the duration and
[1,2]
histologic severity of the inflammation . Although
the association between chronic colitis and colorectal
cancer is well-known, the underlying mechanisms
have yet to be defined, and due to the heterogeneous
nature of the disease, a range of animal models
are required to replicate the various aspects of its
pathogenesis.
The origins of the chronic inflammation associated
with UC may lie in an intrinsic defect in the secreted
mucus barrier that lines the colonic surface epithelium.
Disruption to the organisation of the colonic mucus,
allows the penetration of bacteria into the normally
uncolonised inner mucus layer adjacent to the
surface epithelium, and possibly deeper into the
[3]
crypts themselves . Similar permeability defects are
observed in patients with active UC, where bacterialsized material penetrates the normally impenetrable
inner mucus layer, a defect which, in a small subset of
[3]
patients, may remain unimproved during remission .
The organised, meshwork-like structure of the
secreted colonic mucus in both mice and humans is
predominantly formed by the gel-forming mucin-2
(MUC2 and Muc2 in humans and mice respectively).
Homozygous Muc2 gene deletion abolishes Muc2
synthesis and the formation of a sterile inner
colonic mucus layer, making Muc2-deficient animals
susceptible to colitis caused by colonisation of the
colonic mucosa by both pathogenic and normally

CONCLUSION
Alterations to the expression of Cav1 , Ccl5 , Myc and
Trp53 in the chronically inflamed Winnie colon may
influence the transition to dysplasia.
Key words: Mice; Mucin-2; Colon; Colitis; Dysplasia;
Dextran sulphate sodium
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with ulcerative colitis (UC) are at
increased risk of developing colonic cancer. Under
standing progression to early dysplastic change in the
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commensal bacterial species . Homozygous Muc2
deletion abrogates the formation of a protective colonic
mucus initiating a chronic inflammation of the colonic
[6]
mucosa similar to that observed in UC . While Muc2deficient mice have demonstrated the importance of
Muc2-based mucus in preventing colitis, homozygous
Muc2 deletion is unlikely to reflect the nature of mucus
abnormalities observed in UC. The colonic mucus
in patients with UC while reduced in thickness, and
though it remains penetrable by the luminal microbiota
during active disease, the mucus layer is not totally
[3,7]
abolished . In this regard, the Muc2 mutation of
Winnie may better represent the situation in the
inflamed colon of patients with UC. In Winnie mice,
missense mutation of an N-terminal domain in Muc2,
results in abnormal oligomerization of Muc2 and a
[8]
diminished colonic mucus secretion . Aberrant Muc2
in Winnie also undergoes misfolding and accumulates
within the goblet cell, triggering endoplasmic reticulum
(ER) stress and activation of the unfolded protein
response (UPR). Activation of the UPR and markers
of ER-stress in the colonic epithelium has also been
observed in patients with both active and inactive
[8-10]
UC
. The combination of a defect in mucus secretion
and concomitant ER-stress makes the Winnie mouse
an interesting experimental model of the pathogenesis
of UC. Unlike Muc2-deficient mice however, no incident
of colonic neoplasia has yet been reported in Winnie
mice.
While itself not a tumour suppressor gene, the
protective function provided by the gel-forming mucin
Muc2 is also necessary to prevent tumourigenesis
in the large bowel. Homozygous Muc2 deletion in
mice (C57BL6/J × 129SvOla background) has been
associated an increased incidence of tumours in the
small intestine, colon and rectum over a twelve-month
[11]
span . Distinct from the Muc2-deficient genotype
described previously, the Winnie strain of mice also
develop a spontaneous colitis due to Muc2 mutation.
We hypothesised that the defective mucus layer
and resulting chronic colitis in Winnie would increase
the incidence of colonic neoplasia. However, given
-/the mild inflammation observed in the Muc2 and
the low incidence of colonic tumours at twelve
months, we intended to aggravate the existing
inflammation in Winnie to accelerate the process of
tumourigenesis. To accomplish this, we employed
dextran sulphate sodium (DSS), widely used to
induce colonic inflammation in normal (wild-type) and
susceptible mouse strains. Administered in a cyclic
pattern, DSS-induced inflammation can be used to
promote neoplasia in mice already possessing initiating
mutations in tumour suppressor genes such as those
[12-14]
encoding APC/β-catenin, or p53
and alone may
be sufficient to increase the incidence of colonic
[15,16]
dysplasia and carcinoma in certain mouse strains
.
Here we describe a dysplasia-like pathology of the
distal colon in Winnie mice after three cycles of DSS
administration.
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MATERIALS AND METHODS
Ethics statement

All animal procedures were performed in accordance
with the Australian Code of Practice for the Care and
Use of Animals for Scientific Purposes of the National
Health and Medical Research Council. The study was
approved by the Animal Ethics Committee of the
University of Tasmania (protocol #13329).

Animals

Eleven to twelve week-old Winnie mice (homozygous
Muc2 mutant; C57BL6/J background) and agematched C57BL/6J (Muc2 wild-type) mice of both
sexes were used in this study. Animals were housed
within individually ventilated cages containing a
corncob bedding (Andersons, Maumee, OH, United
States), in a room with a temperature maintained at
21 ℃ , with a 12 h photoperiod. Mice were allowed
access to radiation-sterilised rodent feed (Barastoc
Rat and Mouse, Ridley AgProducts, Australia) and
autoclaved tap water ad libitum.

Exacerbation of colitis with dextran sulphate sodium

Colitis was exacerbated though the oral administration
of a 40000-50000 Da DSS (USB, Affymetrix Inc.,
Cleveland, OH, United States) through the drinking
water. Stock solutions of DSS were prepared by
dissolving DSS in sterile tap water and delivered in
autoclaved water bottles at a concentration of 1% DSS
(w/v). Pairs of Winnie and C57BL6J littermates were
randomly allocated to one of two groups. A group of
12 Winnie and 6 C57BL6/J mice received 1% DSS
dissolved in drinking water, whereas a control group of
6 Winnie and 4 C57BL6/J animals, was administered
sterile drinking water only as a vehicle control. Each
cycle of the experimental DSS regimen consisted
of the administration of DSS for seven days before
substitution of 1% DSS for water for an additional
seven days. Mice in the experimental group received
DSS in a total of three cycles over 42 d, with a single
Winnie mouse euthanased prior to the conclusion of
the DSS regimen. Mouse body weight and disease
symptoms (e.g., diarrhoea, rectal bleeding) were
monitored daily during the experiment. During the
course of the experiment one mouse displayed
excessive weight loss and morbidity following the
first DSS cycle and required euthanasia. At the day of
experimental termination (day 42), all animals were
killed via CO2 asphyxiation before the abdomen was
dissected and the colon removed.

Histopathological evaluation of colitis

The length of the colon from ileocaecal junction to the
rectum was recorded. The colon was subsequently
opened along its longitudinal axis and the luminal
contents were removed prior to weighing the organ.
The colon was bisected longitudinally and one half
was prepared using the Swiss roll technique described
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by , whereas the remaining colonic tissue was
dissected and snap-frozen for molecular analyses.
Swiss rolls 24 h fixation in 10% (v/v) neutral-buffered
formalin. Swiss rolls were subsequently transferred
to 70% ethanol prior to progressive dehydration,
clearing and infiltration with HistoPrep paraffin wax
(Fisher Scientific, Philadelphia, PA, United States).
Swiss rolls were then embedded in wax and 5 µm
sections cut at least three levels 50 µm apart using
a rotary microtome. Sections were stained with
haematoxylin and eosin Y (H&E; HD Scientific, Sydney,
Australia). Slides stained with H&E were evaluated
for inflammatory features and neoplasia. Histological
inflammation was graded in a blinded fashion by SRD
[16]
based on previously used criteria . Briefly, crypt
architectural distortion was graded 0-5, frequency of
crypt abscesses graded 0-3, crypt hyperplasia graded
0-4, extent of mucosal damage graded 0-4, goblet
cell depletion graded 0-4, extent of inflammatory
infiltration graded 0-4 and frequency of lamina propria
neutrophils graded 0-3. The inflammation score for
each individual region (distal, middle and proximal
colon) was derived from the sum of the score for each
of the aforementioned criteria. Dysplastic change and
submucosal invasion were graded as no change, lowgrade dysplasia, high-grade dysplasia and invasive
carcinoma. Crypts involved in glandular profunda
were classified as non-dysplastic lesions. Assessment
of dysplasia was performed independently by two
pathologists (RF and TB) blinded to experimental
groupings.

mountant (Sigma-Aldrich, Sydney, Australia). Slides
were examined through an Olympus IX71 microscope
(Olympus Australia, Melbourne, Australia) and images
captured using the attached DP21 microscope camera
(Olympus).

RNA extraction and RT-qPCR

Colonic tissue was homogenised using rotorstator generator probes (Omni Scientific) and RNA
extracted using the RNeasy Mini spin column kit
(Qiagen, Melbourne, Australia) according to the
manufacturer’s instructions. To minimise genomic
DNA contamination DNAse I (Qiagen) digestion was
performed during the RNA extraction. Integrity and
concentration of extracted RNA was assessed using
the Experion Eukaryotic Total RNA electrophoretic
system (Bio-Rad Laboratories). Samples with an
RNA integrity number (RIN) > 7 were deemed
suitable for RT-qPCR. Complementary DNA (cDNA)
was synthesised from RNA samples using the iScript
Reverse Transcription enzyme and reagents (BioRad) using reaction conditions suggested by the
manufacturer. Two-hundred nanograms of cDNA from
each sample was added to a PCR reaction including
TaqMan Fast Master Mix (Applied Biosystems, Foster
City, CA, United States) and a single gene-specific
TaqMan probe/primer set. Thermal cycling was
performed using a StepOnePlus RT-qPCR instrument
(Applied Biosystems). Primer sets used are specified
in (Supplementary Table 1). Gene expression was
quantified using the comparative (ΔΔCT) method
where the threshold cycle (CT) for each gene was
[17]
normalised to reference gene Gapdh . Relative gene
expression in the DSS-treated animals was presented
-ΔCT
as 2 .

Immunohistochemistry

Slides were dewaxed and exposed to heat-induced
epitope retrieval (4 min at 121 ℃) in a 10 mmol/L
sodium citrate buffer, pH 6.0 in a decloaking chamber
(Biocare Medical, Concord, CA, United States). Slides
were cooled to room temperature and washed in
0.1 mol/L Tris-buffered saline (TBS) for 2 min per
wash. Endogenous peroxidase activity was blocked
by incubating slides in 3% H2O2 in methanol for 20
min, followed by 3 × 2 min washes (twice with dH2O,
followed by one wash with TBS). Background sniper
(Biocare Medical) was applied to the slides for 20 min
and washed off with 3 × 2 min washes with TBS.
Slides were incubated with either anti-human β-catenin
(clone E247; Abcam, Cambridge, United Kingdom),
at a 1:500 dilution, rabbit anti-human Ki67 (clone
SP6; Abcam) or rabbit anti-mouse Cxcl5 (Bioss Inc.,
Woburn, MA, United States) at a dilution of 1:100
was incubated with the slides for 1 h. Excess primary
antibody was removed with 3 × 2 min washes with
TBS prior to application of HRP-conjugated anti-rabbit
secondary antibody (Biocare Medical) for 30 min.
Slides were thoroughly rinsed with TBS for 3 × 2 min
washes before the addition of a diaminobenzidine
(DAB) chromogen solution (Biocare Medical) for 4
min. Tissue was subsequently counterstained with
haematoxylin, dehydrated and mounted with DPX

WJG|www.wjgnet.com

Statistical analysis

Change in body weight over time was compared
using repeated-measures analysis of variance
(ANOVA). Incidences of graded histological lesions
were compared between treatment groups stratified
2
within genotype using the Mantel-Haenszel χ
statistic. Comparisons between means of each
unique combination of genotype and treatment were
performed using a two-way ANOVA model. Differences
in histological scores between anatomical regions were
tested post-ANOVA using Tukey’s multiple pairwise
comparisons test. Non-parametric Spearman’s rank
correlation was used to test for monotonic relationships
between relative transcript abundance and dysplasia
scores (non-dysplastic = 1, low-grade = 2, high-grade
= 3, dysplasia with submucosal component = 4). In
all cases, a P value less than 0.05 were deemed to be
statistically significant.

RESULTS
Clinical observations

Throughout the experiment, mice were monitored
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Figure 1 Clinical features of dextran sulphate sodium-induced colitis in Winnie. A: Daily change in body weight of wild-type; B: Winnie mice during the three
cycle experimental dextran sulphate sodium (DSS) regimen. Body weight was recorded each day and recorded as percentage change from the starting body weight
prior to commencement of the experiment (day 0). Each point represents the mean percentage change in body weight relative to the initial body weight (n = 4). Error
bars depict standard deviation (SD) from the mean. Asterisk signifies difference (P < 0.05) between control Winnie mice and Winnie mice exposed to DSS; C: Mean
colon length at termination. Error bars depict SD from the mean; D: Gross appearance of the Winnie colon at termination. Representative images of Winnie colon after
receiving three cycles of water only (top) and the colon of Winnie receiving three cycles of DSS (bottom).

nodes compared to control Winnie mice (Figure 1E).

for the clinical symptoms of colitis. Prior to DSS
administration individual Winnie mice of twelve
weeks of age, displayed a mild, episodic, non-watery
diarrhoea often accompanied by slight loss of body
weight, which was usually resolved in 24 h. Clinical
symptoms of colitis in eighteen week-old Winnie mice
receiving water only did not differ discernibly from
those exhibited at twelve weeks of age. Body weight
in the control group, on average, remained stable,
throughout the experiment (Figure 1A). Compared
to the wild-type C57BL6/J, Winnie mice were more
sensitive to the administration of DSS in the drinking
water. DSS at 1% w/v for 7 d was sufficient to induce a
bloody, watery diarrhoea accompanied by considerable
weight loss (Figure 1B), which continued 1-2 d
after cessation of DSS administration. Colon length
in Winnie mice exposed to the DSS regimen was
decreased by an average of 24% compared to Winnie
mice receiving drinking water alone (Figure 1C). In
contrast, colonic tissue from Winnie mice administered
DSS was, even when standardised to body weight was
no heavier than Winnies receiving only drinking water
(Figure 1D). Upon gross post-mortem examination
at experimental termination on day 42, the colons of
Winnie mice administered DSS remained noticeably
inflamed, with an apparent whitening and thickening of
the colonic wall, and enlargement of mesenteric lymph
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Histopathology

Histological examination of the colon was undertaken
to characterise the pathology induced by DSS in the
Winnie colon. Initially the inflammation and mucosal
damage induced by DSS in the Winnie colon was
assessed. Cyclic DSS exacerbated the severity of
inflammation in both middle and distal segments of
Winnie mice relative to untreated Winnie mice, while
DSS had only a minor influence on inflammation in
the proximal colon (Figure 2). Compared to the wildtype C57BL6/J (Figure 3A) and wild-type exposed
to three DSS cycles (Figure 3B), diffuse leukocytic
infiltration into the mucosa, and to a lesser extent
the submucosa, was common in the distal and midcolon of Winnie mice (Figure 3C). In these mice,
crypt architecture was occasionally irregular and
frequently elongated, and infrequent crypt abscesses
were observed. At the time of termination (day 42),
severe damage to the distal and mid-colon of Winnie
mice exposed to DSS remained evident (Figure 3D).
DSS administration in Winnie resulted in an increased
influx of leukocytes into the mucosa and submucosa.
Large mucosal aggregates of mononuclear leukocytes
were frequent, and often extended into the expanded
submucosal compartment. Glandular profunda was
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Table 1 Incidence and severity of dysplasia-like atypia

b

15

Nondysplastic

Low

High

C57BL/6J
C57BL/6J + DSS
Winnie
Winnie + DSS

4/4 (100%) 0/4 (0%)
0/4 (0%)
5/6 (83%)
1/6 (17%) 0/6 (0%)
5/6 (83%)
1/6 (17%) 0/6 (0%)
0/11 (0%)
5/11 (45%) 6/11 (55%)

Submucosal
0/4 (0%)
0/6 (0%)
1/6 (17%)
3/11 (27%)

Incidence of graded histological lesions in the distal colon of wild-type
C57BL/6 and Winnie mice administered three cycles of DSS. Crypt lesions
were graded as either non-dysplastic, low-grade or high-grade dysplasia
and dysplasia with submucosal extension. The maximum grade observed
was recorded for each animal. The incidence of dysplasia-like lesions in
Winnie mice was increased by administration of DSS (Mantel-Haenszel χ 2
= 6.667, P < 0.01).

10

5

0

Group

e

H2O

with columnar or flattened cuboidal enterocytes but
displayed minimal nuclear atypia (Figure 4A-D). Serial
sections demonstrated continuity between abnormal
mucosal glands and those in the submucosa. No
obvious stromal reaction was associated with the
submucosal glands. Notably, submucosal glands were
usually observed in close proximity to the submucosal
vasculature and mirrored the laterally spreading
growth pattern seen in the mucosa.
Goblet cell hyperplasia was rare, occurring in a
single animal in the Winnie group exposed to DSS
(Figure 4C and D). Within a hyperplastic mucosal lesion
with apparently high-grade architectural aberrations
and mucus-retention cysts, hyperplastic goblet cells
were observed in numerous crypts of lengths > 1 mm
in length (Figure 4C).

DSS

Figure 2 Three cycles of dextran sulphate sodium exacerbated Winnie
colitis. Comparison of summed inflammation scores between control Winnie
mice and Winnie mice receiving dextran sulphate sodium (DSS). PC, proximal
colon, MC, middle colon, DC, distal colon. Bars represent medians of each
group, individual animals represented as single points. aP < 0.05, bP < 0.01, eP
< 0.001.

occasionally observed in the distal colon involving the
larger lymphoid aggregates, which expanded beyond
the muscularis mucosae. Areas of superficial mucosal
erosion and crypt loss were observed, frequently with
foci of crypt fission adjacent the erosion (Figure 3D).
Generally, the mucosa of the Winnie distal colon was
extensively thickened and contained hyperplastic
crypts following repeated DSS exposure. In addition to
the typical inflammatory effects observed in Winnie, we
assessed the colon for early neoplastic changes. Crypt
hyperplasia within the distal and mid-colon of Winnie
mice exposed to DSS was often accompanied by foci
of abnormal crypt architecture resembling dysplasia.
Forty-five percent of Winnie mice displayed crypt
abnormalities consistent with a low-grade dysplasia
after administration of DSS (Table 1), whereas
aberrant crypts were only observed in one untreated
Winnie mouse. Low-grade lesions displayed marked
architectural distortion, with subtle cytological features
such as crowding of epithelial nuclei and increased
ratio of nucleus-to-cytoplasm (Figure 3D). Low-grade
lesions were absent from all wild-type animals except
for one of six C57BL6/J mice exposed to DSS (Table 1).
High-grade lesions were observed in the middle and
distal colon of 55% of Winnie mice exposed to DSS
but were absent from the colon of untreated Winnie
and all wild-type mice (Table 1). High-grade crypt
lesions displayed the severe architectural distortions
such as cribriform (Figure 4A and B) or back-toback (Figure 4C and D) glandular arrangements
associated with colonic dysplasia. In 27% of Winnie
mice exposed to DSS, crypt epithelium could be
observed within the submucosa underlying apparently
dysplastic lesions separated by an intact muscularis
mucosae (Table 1). Submucosal glands were lined
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Epithelial cell proliferation in the Winnie colon

Since colonic dysplasia may be associated with
abnormal proliferation of the crypt epithelium we
assessed the localisation of the Ki67 marker of
proliferating cells. Normal Ki67-labelling in C57BL6/J
mice extended uniformly for approximately a third of
the crypt’s total length (Figure 5A). Three cycles of 1%
DSS in C57BL6 mice produced a slight expansion of
the proliferative zone in the distal colon (Figure 5B).
In contrast, the proliferative zone of the colonic crypt
was expanded to approximately half to two-thirds
of the total crypt length in Winnie mice (Figure 5C).
Chronic exacerbation of colitis with DSS extended the
Ki67-reactive proliferative zone toward the surface
epithelium further than that typically seen in Winnie.
Dysplasia-like lesions in Winnie displayed diffuse Ki67
labelling throughout the crypt length (Figure 5D).
Notably, the base of some mucosal crypts contained a
diffuse pattern of proliferative cells, a feature common
to glands penetrating into the submucosa.

Beta-catenin localisation in the Winnie colon

To assess whether oncogenic perturbations in epithelial
Wnt/β-catenin signalling were present in the chronically
inflamed mucosa, we analysed the intracellular
distribution of β-catenin immunohistochemically.
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Figure 3 Distal colonic mucosal alterations induced by three cycles of dextran sulphate sodium. A: Representative image of the distal colon obtained from
one of four untreated C57BL/6 mouse; B: C57BL/6 distal colon exposed to dextran sulphate sodium (DSS). Image representative of six eighteen week-old C57BL/6
mice exposed to three cycles of 1% DSS; C: Distal colon of Winnie mouse without exposure to DSS. Crypts are hyperplastic and the mucosa displays a marked
leukocytic infiltration. Image representative of six untreated Winnie mice examined; D: Distal colon of Winnie mouse displaying colonic hyperplasia and mild focal
dysplasia following three cycles of 1% DSS. Mucosa displays features of an active chronic inflammation, with prominent submucosal leukocytic infiltrate. Extensive
crypt hyperplasia is visible with a focus of atypical glandular architecture (asterisk). Note the loss of surface epithelium. Numerous mitotic figures are evident. Image
representative of the hyperplasia and dysplastic foci total of eleven Winnie mice exposed to three cycles of 1% DSS. All sections stained with HE, scale bar is
equivalent to 100 μm.

Localisation of β-catenin in the colonic mucosa of
Winnie mice was restricted to the cell membrane of
epithelial cells, and was visible to a lesser extent in the
cytoplasm of epithelial cells (Figure 6A). Distribution
of β-catenin was also predominantly membranous in
Winnie mice following chronic exacerbation of colitis
with DSS (Figure 6B). No nuclear translocation of
β-catenin was evident in any of the dysplasia-like
lesions in Winnie mice after DSS administration.

each gene varied considerably within individual mice
with DSS-induced colitis, particularly in Winnie mice
(Figure 7). Of the genes analysed, those encoding
caveolin-1 (Cav1), C-C-motif-containing chemokine
ligand 5 (Ccl5), myelocytomatosis oncogene (Myc) and
the murine transformation-related protein p53 (Trp53),
displayed significant alterations to expression in DSStreated animals. Transcription of Cav1 was altered by
DSS in a manner that was dependent on the mouse
strain. While Cav1 expression in wild-type C57BL6 mice
was increased by cyclic administration of 1% DSS, no
increase in Cav1 expression was observed between
control Winnie mice and Winnie mice exposed to DSS.
While Ccl5 was unaltered between untreated Winnie
and wild-type animals, DSS treatment increased Ccl5
expression in Winnie relative to C57BL6 exposed
to DSS. Expression of Myc in the distal colon was
increased only in wild-type mice after the repeated
administration of DSS whereas the same treatment
had no observed effect on Myc expression in Winnie.
Expression of Trp53 was higher in Winnie mice than in
the wild-type, but the DSS regimen did not produce a
detectable effect on Trp53 transcription in either wildtype or Winnie. The existence of a potential relationship
between the relative abundance of the measured mRNA
transcript in the distal colon of pooled Winnie and

Gene expression analysis

To investigate potential mechanisms resulting in an
abnormal epithelial regenerative or dysplastic response,
we quantified transcription of a panel of genes
associated with carcinogenesis. Included in our analysis
were genes likely to accumulate in the chronically
inflamed mucosa with known pro-tumourigenic effects
such as cyclooxygenase-2 (Ptgs2) and interleukin-6
[18-20]
(Il6), and the chemokines Ccl5, Cxcl5 and Cxcl12
.
Other genes implicated in both inflammation and
[21,22]
carcinogenesis included Spp1 and Vim
. Central
regulators of cellular proliferation and survival (Cdkn2a,
Myc and Trp53), cellular adhesion (Cav1), metabolism
(Pparg), cell surface glycoproteins (Muc1 and Prom1),
all of which have been implicated in cancers were also
[23-27]
analysed
. Relative abundance of transcript for
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Figure 4 High-grade dysplasia and submucosal penetration in Winnie. A: Winnie distal colonic mucosa after DSS exposure. Distorted and atypical hyperplastic
glands (asterisk), with focal infiltration into underlying submucosa through an otherwise intact muscularis mucosae (arrowhead); B: Higher magnification of A. Atypical
mucosal and submucosal glands display relatively bland cytology; nuclear polarity mostly intact, though nucleus: cytoplasm ratio is increased. Mitotic figures are
common beyond the crypt base. Region of crypt epithelium displaying loss of nuclear polarity (arrowheads). Note the stroma surrounding submucosal glands; C:
Regenerative distal colonic mucosa featuring abnormal hyperplastic crypts. Multiple large mucus-containing cysts have formed, apparently formed by confluent dilated
crypts lined with hyperplastic goblet cells. Crypts displayed back-to-back arrangement associated with high-grade dysplasia; D: Higher magnification of E. Focal
penetration of the submucosa by atypical mucosal crypt. Multifocal penetration of the muscularis mucosae by the overlying abnormal crypts (arrowheads). Stained
with HE, scale bar represents 100 μm in A and C, 20 μm in B and D.

Spp1 (ρ = 0.40) were weakly correlated with increasing
severity of dysplasia. All other genes tested displayed
no discernible statistical association between gene
expression and histological severity.

Table 2 Spearman’s correlation between mRNA transcript
abundance and dysplasia severity
Gene
Cav1
Ccl5
Cdkn2a
Cxcl5
Cxcl12
Il6
Muc1
Myc
Pparg
Prom1
Ptgs2
Spp1
Trp53
Vim

Restimate
-0.19
0.46
0.11
0.29
0.022
0.27
-0.13
-0.26
0.18
0.18
0.18
0.40
0.15
-0.14

P value
0.34
0.017a
0.61
0.15a
0.92
0.20
0.52
0.20
0.39
0.39
0.42
0.049
0.47
0.51

Cxcl5 localisation in the Winnie colon

Given the large variance in increased abundance of
Cxcl5 mRNA in the distal colon lysates, we sought to
investigate the source and distribution of the Cxcl5
protein within colonic tissue. Immunolabelling of Cxcl5
protein revealed an altered pattern of expression
subsequent to induction of colitis (Figure 8). Wildtype mice displayed a relatively low level of Cxcl5 in
the colon, with cytoplasmic staining visible in colonic
epithelial cells only. Cxcl5 production also appeared
to be increased in the epithelial cells approaching the
crypt apex when compared to epithelial cells located
near the crypt base. Administration of 1% (w/v) DSS
solution to C57BL6/J mice resulted in a slight increase
in Cxcl5-specific staining in the crypt epithelium.
Similarly, colitis induced by the Muc2 mutation in
Winnie mice was associated with an increase in
Cxcl5 protein levels within the intestinal epithelium.
Additional insult of 1% DSS in Winnie mice produced

Relationship between relative mRNA abundance (ΔΔCT) and severity of
dysplasia in the distal colon was tested using Spearman’s rank correlation.
Estimate of Spearman’s co-efficient of correlation (ρ) and corresponding P
value for each gene are given, aP < 0.05.

C57BL6/J mice and the grade of dysplasia was tested
using Spearman’s rank correlation (Table 2). Monotonic
increases in the gene expression of Ccl5 (ρ = 0.46) and
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Figure 5 Immunohistochemical detection of Ki67 in Winnie distal colonic mucosa. A: Immunostaining of Ki67 in the distal colon of untreated C57BL6 mice.
Image representative of Ki67 localisation in the distal colon of the four C57BL6 mice examined; B: Distal colonic Ki67 localisation representative of six C57BL6
mice exposed to three cycles of 1% dextran sulphate sodium (DSS); C: Distal colon of Winnie mouse without exposure to three cycles of DSS. Ki67-labelling in
the epithelium is visible apically approximately half the crypt length; D: Ki67 immunolabelling of the Winnie distal colon exposed to three cycles of DSS. Crypt base
proliferative zone extends approximately two-thirds of the crypt length. Submucosal gland (arrowhead) displays few positive nuclei. Scale bar represents a distance of
50 μm.

A

B

Figure 6 Localisation of β-catenin in Winnie distal colonic mucosa. A: Representative image of Winnie distal colon of the six animals without DSS exposure
immunostained for β-catenin. B-catenin in the colonic epithelium is primarily associated with the epithelial cell membrane; B: Immunostained dysplastic distal colonic
mucosa from a Winnie mouse exposed to three cycles of DSS (representative of n = 11). B-catenin localised to the cell membrane of epithelial cells without any
nuclear accumulation. Scale bar is equivalent to 100 μm.

still higher levels of Cxcl5 in the intestinal epithelium.
Notably the production of Cxcl5 was also increased in
mucosal and submucosal leukocytes.

Experimental evidence suggests however, that a partial
reduction in mucin secretion may be insufficient to
[28]
permit the development of colitis . Disruption of the
normal colonic mucus structure through Muc2 ablation
or altered post-translational modification, permeabilises
the normally impenetrable inner mucus layer to
[3]
bacteria . A similar permeabilisation of the colonic
mucus was observed in the inflamed colonic mucosa
of UC patients, suggesting that Muc2 mutation may

DISCUSSION
The pathology of UC is associated with a depletion
of the protective colonic mucus layer, suggesting a
[7]
reduction in mucus secretion from colonic goblet cells .
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Figure 7 Relative transcript abundance of genes regulating inflammation and cell proliferation. Transcript abundance measured from 25 ng of template based on the linearised 2-ΔCT method, where each gene of interest was normalised
to the relative abundance of a reference gene (Gapdh). Box plot depicts interquartile range (IQR) either side of the median for each combination of treatment and genotype (3-11 mice per group). Whiskers represent 1.5 IQR approximately
equivalent to 5%-95% confidence intervals. aP < 0.05, bP < 0.01.
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A

B

Figure 8 Immunohistochemical detection of Cxcl5 in Winnie distal colonic mucosa. A: Representative distal colon from Winnie without DSS exposure (n =
6). Cxcl5 labelling displayed a diffuse cytoplasmic pattern in the colonic epithelium; B: Representative distal mucosa of Winnie exposed to DSS (n = 11). Dysplastic
glands displaying focal reduction in epithelial Cxcl5. Weak Cxcl5 immunolabelling is present within the cytoplasm of the epithelial cells lining dysplastic glands. Note
that submucosal epithelium penetrating the muscularis mucosae retains Cxcl5 expression. Scale bar represents 50 μm.
[3,29]

simulate this aspect of UC pathology
. Mice with a
homozygous deletion of Muc2 demonstrate several key
pathological differences to UC. Muc2-deficient mice
display relatively normal goblet cell numbers and a
compensatory increase in other mucins such as Muc6,
[10]
features which are not observed in UC . Increasing
evidence also points to possible intrinsic defects in
protein synthesis and prolonged ER stress in the colonic
[8,9]
epithelium affected by UC . Since Winnie mice display
spontaneous chronic colitis with an impaired mucus
barrier and concomitant epithelial ER stress, they may
provide an informative model for the pathogenesis of
UC-associated inflammation and neoplasia.
Based on the Muc2 mutant mouse, the expected
colonic tumours in Winnie mice could only be infrequent
even at twelve months of age, limiting its utility as
an experimental model of colonic carcinogenesis. We
therefore provided further insult to the colon using
DSS, to further disrupt the integrity of the mucus
barrier. Consistent with its ability to permeabilise the
inner colonic mucus layer, Winnie mice were more
sensitive to 1% DSS than Muc2 wild-type C57BL6 mice.
Acute administration of DSS produced mucosal injury
characterised by superficial erosion and prominent
inflammatory infiltrates containing neutrophils and
[30]
macrophages among other leukocytes . Much of this
tissue damage remained at the end of the three cycles
of DSS in Winnie mice with areas of mucosal erosion
interspersed between regions of hypertrophic mucosa
in the distal half of the colon. Notably, Winnie mice
that received DSS displayed an increased frequency of
abnormal crypt foci resembling dysplasia. Pre-cancerous
epithelial dysplasia has been previously reported in the
[15,31]
distal colon of Swiss Webster mice exposed to DSS
.
While DSS appeared to rapidly produce foci of nonpolypoid dysplasia in the distal colon of 100% Winnie
mice under our experimental conditions, the neoplastic
potential of these lesions remains uncertain. The timeframe used in the present study is considerably shorter
[15]
than that used by Cooper et al
and incident lesions
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in Winnie could be expected to be less advanced.
Penetration of crypt epithelium into the submucosa was
observed in 27% of Winnie mice exposed to DSS as
opposed to 17% and 0% in the control Winnie group
and both C57BL/6 groups respectively. Minimal fibrosis
was observed surrounding the laterally spreading
submucosal glands and were frequently associated with
small breaches of the muscularis mucosae. Such crypts
were usually cytologically bland, negative for β-catenin
nuclear accumulation and contained a small population
of proliferating cells. The close proximity of glands
entering the submucosa to blood and lymphatic vessels
perhaps suggests that infiltrate the submucosa through
weak points in the muscularis mucosae through which
these vessels pass. Study of later time-points post-DSS
administration would provide evidence as to whether
laterally spreading crypts infiltrating the submucosa
underlie the rapid progression of colitis-associated
neoplasms.
Given the difficulty of identifying possible malignancy
in the regenerative mucosa, we subsequently
examined the mucosa of the distal colon for molecular
features indicative of pre-neoplastic transformation.
Hyperactivation of β-catenin signalling is an event
associated with the pre-cancerous polyps in 46%
[32]
of sporadically occurring adenomatous dysplasia .
Nuclear translocation of membrane-associated
β-catenin is normally limited by the ubiquitinylating
activity of the APC-GSK3β-Axin-complex, thereby
preventing excessive enhancement of cyclin-D1 and
[33-35]
c-myc transcription
. Tumourigenic Apc/β-catenin
mutation may result in the accumulation of active
β-catenin protein in the nucleus, which are detectable
[36]
immunohistochemically . Apparently dysplastic
lesions in Winnie lacked the cytoplasmic and nuclear
redistribution of β-catenin associated with pre-neoplastic
transformation. Induction of dysplasia and neoplasia
in mice using DSS alone highlighted the differences in
cancers arising from the flat mucosa opposed to those
[15]
arising from polypoid lesions . Dysplasia/carcinoma
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in flat lesions in 94% of cases, displayed membranous
localisation of β-catenin whereas evidence of nuclear
β-catenin was detected in all polypoid lesions. Studies
of DSS-induced neoplasia are concordant with those
in human UC-associated neoplasms. Nuclear β-catenin
in UC-associated carcinoma is infrequent compared to
sporadic cases, presumably due to the low incidence of
[32,37]
Apc or β-catenin mutations
.
Gene expression in the distal colon of Winnie
revealed altered expression of p53 (Trp53), a central
regulator of various stress responses. Frequent TP53
gene mutations in IBD-associated neoplasms and
their occurrence prior to dysplasia in patients with UC
indicates the importance of the gene in preventing
[38]
carcinogenesis . An accumulation of mutagenic
reactive oxygen and nitrogen species in the mucosa
may cause these initial mutations in TP53 and
[38]
potentially other genes . Although the presence of
mutations was not assessed, Trp53 transcription was
increased in Winnie, even without exposure to DSS,
perhaps indicative of DNA damage accrued from
prolonged oxidative stress. Alternatively, the differential
transcription Trp53 in Winnie may imply that the
chronic ER stress and activation of the unfolded protein
[39]
response (UPR) due to misfolded Muc2 . Since Myc is
subject to transcriptional regulation via Wnt/β-catenin
signalling, alterations to Myc expression are observed
[34]
in colonic carcinogenesis . Oncogenic alterations to
Myc presumably interfere with normal Myc-dependent
regulation of cell proliferation, apoptosis and cellular
[24]
metabolism . Up-regulation of Myc in wild-type mice
post-DSS is consistent with reported increases in Myc
[40,41]
mRNA in the mucosa of mice in patients with IBD
.
It is unclear however, why a similar increase in Myc
mRNA was absent in Winnie mice exposed to DSS.
Further study into the known interactions between Myc
and chronic activation of the PERK/eIF2α-mediated
UPR pathway in Winnie may explain the different
[42]
responses between genotypes . Another modifier of
carcinogenesis, caveolin-1 (Cav1), was also increased
in wild-type animals post-DSS. Caveolin-1 is scaffolding
protein that regulates the transduction of growth factor
signalling and is thus capable of restraining external
[25]
pro-proliferative signals in epithelial cells . The effect
of attenuated Cav1 expression in the DSS-induced
pathology of Winnie is unclear as caveolin-1 may be
either under-expressed or over-expressed in colorectal
[43,44]
cancers
. Analysis of the mutational status of Apc
and Kras in the Winnie colonic mucosa may explain
[45,46]
the expression level of caveolin-1
.
Recruitment of leukocytes, particularly neutrophils
to the colonic mucosa is a hallmark of the inflammation
observed in Winnie. Consistent with the relatively
large influx of leukocytes into the Winnie distal colonic
mucosa and submucosa following DSS, expression
of the chemokine Ccl5 was increased. Increased
Ccl5 production has been associated with ineffective
[47]
lymphocytic anti-tumour responses . Unlike the
-/Gαi2 model of spontaneous colitis and colon cancer,
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we observed a correlation between dysplastic pro
[48]
gression and increased Ccl5 expression . Similarly,
transcription of the pro-inflammatory cytokine Spp1
also correlated with increasing severity of dysplasia.
The chemokine Cxcl5, like IL-8, contains a
neutrophil-activating ELR domain and is capable of
inducing neutrophil chemotaxis through the Cxcr2
[49]
chemokine receptor . Unlike IL-8 however, which is
produced predominantly by endothelial and myeloidderived cells in the colon, CXCL5 is primarily produced
by crypt epithelial cells. Synthesis of CXCL5 has been
reported to increase in ulcerative colitis in humans,
presumably prompted by direct exposure to bacterial
pathogen-associated molecular patterns, or by the
milieu of pro-inflammatory cytokines in the colonic
[50]
mucosa . Up-regulation of Cxcl5 is therefore likely
important for the efficient phagocytosis of bacteria
in humans and animals with an impaired colonic
mucus barrier. Cxcl5 expression was observed
to increase along with the progression of highgrade dysplastic lesions into invasive carcinoma.
Relative to control animals, expression of Cxcl5
was considerably heterogeneous in the distal colon
of Winnie mice exposed to DSS. Distribution of
Cxcl5 expanded to mucosal leukocytes in the distal
colon of Winnie mice after DSS exposure. Perhaps
explaining the heterogeneity in Cxcl5 transcription,
was the occurrence of crypt foci containing regions of
epithelium expressing low levels of Cxcl5, though there
was no obvious association between dysplasia and loss
of Cxcl5. Despite the indications for increased Cxcl5
expression reflecting the progression of dysplasia to
[51,52]
advanced colonic carcinoma
. In contrast, low
levels of Cxcl5 expression have been associated with
a more aggressive disease course in rat and human
[53]
CRC cases . Activation of nuclear factor-κB signalling
is known to regulate the expression of both Cxcl5,
therefore production of Cxcl5 could be dependent on
[50,54]
paracrine signalling through the IL-1 receptor
.
Further characterisation of cells within the abnormal
glands would be required to gain an appreciation of
the role of Cxcl5 in DSS-induced pathology.
In conclusion, chronic DSS exposure in mice with
impaired colonic mucin secretion produced extensive
mucosal hypertrophy in response to inflammation.
Abnormal, dysplasia-like crypt foci were present within
the hyperplastic mucosa and in several instances
penetrated into the submucosa. Though no β-catenin
accumulation was observed, the distal colon of Winnie
mice displayed extensive epithelial proliferation and
the differential expression of genes regulating epithelial
cell proliferation and apoptosis (Cav1, Myc and Trp53)
during recovery from DSS. Expression of leukocyte
chemo-attractant Ccl5 was increased in Winnie postDSS and correlated with histological severity. Analysis
of the involved pathways at further time points may
yield further insight into the transition to dysplastic and
cancerous colonic mucosa in the context of chronic
colitis.
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Abstract

Institutional review board statement: The study was
reviewed and approved by the Committee of Ethics at the Faculty
of Medicine, Akdeniz University, Antalya, Turkey (protocol
number: 14.05.2012/110).

AIM
To investigate the roles of the neuropeptides vasoactive
intestinal peptide (VIP), substance P (SP), and calcitonin
gene-related peptide (CGRP) in chronic gastritis and
duodenitis in children.

Informed consent statement: All patients and/or their families
gave written and verbal consent to participate in the study.

Data sharing statement: Technical appendix, statistical codes,
and the dataset are available from the corresponding author at
islekali@hotmail.com. Participants gave informed consent for
data sharing.

METHODS
Biopsy samples from the gastric and duodenal mucosa
of 52 patients and 30 control subjects were obtained.
Samples were taken for pathological examination,
immunohistochemical staining, enzyme activity mea
surements and quantitative measurements of tissue
peptide levels.

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
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
We observed differential effects of the disease on
peptide levels, which were somewhat different from
previously reported changes in chronic gastritis in
adults. Specifically, SP was increased and CGRP and
VIP were decreased in patients with gastritis. The
changes were more prominent at sites where gastritis
was severe, but significant changes were also observed

Conflict-of-interest statement: The authors declared that no
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peptide (CGRP) . SP increases the migration of immune
cells and cytokine production; therefore, it has sug
gested that SP may regulate inflammatory processes
[4-8]
and wound healing
. VIP has anti-inflammatory
effects through (1) decreasing the secretion of
proinflammatory cytokines (TNFα, IL-6, and IL-12); (2)
increasing the secretion of anti-inflammatory cytokines
[9,10]
(such as IL-10); and (3) reducing Th1 activation
.
CGRP has a vasodilatory effect, and blocking the CGRP
pathway causes an insufficient hyperemic response.
Disturbances in neuropeptide content may result
in mucosal damage, physiological stress, and mild
[10,11]
irritation
.
Neutral endopeptidase (NEP, CD10) is a cell-surface
membrane-bound enzyme commonly located in the
brush border of the mucosa of the small intestine.
NEP has been suggested to function in the growth
and differentiation of intestinal epithelial cells. NEP
hydrolyzes SP and may terminate its biological
[12]
activity . To date, no studies have investigated
changes in SP, VIP, CGRP, and NEP levels in the gastric
mucosa of children. Advances in our knowledge of the
underlying mechanisms will help in developing new
treatment options.
The primary objective of this study was to inves
tigate the roles of neuronal and non-neuronal peptides
in the pathogenesis of chronic gastritis in children. The
secondary objective was to investigate the changes in
NEP expression and activity in normal and inflamed
mucosa.

in neighboring areas where gastritis was less severe.
Furthermore, the degree of changes was correlated with
the pathological grade of the disease. The expression of
CD10, the enzyme primarily involved in SP hydrolysis,
was also decreased in patients with duodenitis.
CONCLUSION
Based on these findings, we propose that decreased
levels of VIP and CGRP and increased levels of SP
contribute to pathological changes in gastric mucosa.
Hence, new treatments targeting these molecules may
have therapeutic and preventive effects.
Key words: Gastritis; Neuropeptides; Childhood; Neutral
endopeptidase
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The etiology and pathogenesis of childhood
gastritis are not entirely known. The lamina propria of
the gastrointestinal tract includes sensory neuropeptides
that regulate gastric blood flow, local inflammatory
responses and healing processes. Vasoactive intestinal
peptide (VIP), substance P (SP), and calcitonin generelated peptide (CGRP) are such neuropeptides,
and their roles in chronic childhood gastritis are not
known. In this study, we investigated the changes in
neuropeptides in childhood gastritis and duodenitis.
Disturbances in the neuropeptide content in gastric
mucosa may cause gastritis. On the basis of our
findings, we propose that decreased levels of VIP and
CGRP and increased levels of SP may contribute to
pathological changes in gastric mucosa. New treatments
targeting these molecules may have therapeutic and
preventive effects.

MATERIALS AND METHODS
This study was conducted between May 2012 and May
2013 at the Pediatric Gastroenterology Department of
the Akdeniz University Faculty of Medicine. The study
protocol was approved by the Ethics Committee at the
Faculty of Medicine, Akdeniz University, Antalya, Turkey
(protocol number: 14.05.2012/110). All patients and/
or their families gave written and verbal consent to
participate in the study.

Islek A, Yilmaz A, Elpek GO, Erin N. Childhood chronic gastritis
and duodenitis: Role of altered sensory neuromediators. World J
Gastroenterol 2016; 22(37): 8349-8360 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i37/8349.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i37.8349

Establishment of patient and control groups

Patients under the age of 18 who presented to the
outpatient clinic with abdominal pain and dyspepsia
(epigastric pain, discomfort, burning, and fullness,
with bloating, early satiety, nausea, and vomiting)
lasting longer than 3 mo and who underwent upper
gastrointestinal system endoscopy were included in
the study group. The control group included individuals
who presented with complaints other than dyspepsia,
such as weight loss, iron deficiency anemia, and
suspected celiac disease, and who underwent upper
gastrointestinal endoscopy.
At baseline, patients who were determined to have
gastritis ± duodenitis via endoscopic examination were
included in the study group, and patients who had
normal upper endoscopic examination results were
included in the control group. After the histological

INTRODUCTION
Inflammation of the gastric mucosa is an important
cause of chronic abdominal pain in children. Neither
the gastric mucosa’s protective mechanisms nor the
pathogenesis of gastritis have been fully elucidated.
Increases in gastric acid secretion and Helicobacter
pylori (H. pylori) infections are the most important
factors implicated in the pathogenesis of gastritis.
Patients may not respond to conventional medical
treatments, which suggests the involvement of
[1,2]
unknown factors in the pathogenesis of gastritis .
The gastrointestinal system contains sensory
neuropeptides, such as vasoactive intestinal peptide
(VIP), substance P (SP), and calcitonin gene-related
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examination (based on the Sydney classification and
[13]
activity scores) patients were re-grouped . Patients
whose histological examination results were normal or
who had Sydney Ⅰ gastritis were included in the control
group. Patients with Sydney Ⅱ or Ⅲ gastritis were
included in the study group. Patients with and without
duodenitis (based on a histological assessment) were
analyzed separately via CD10 staining.

sections. Sections were then incubated at 60 ℃ for 5
min and stained with a CD10 primary antibody (antiCD10, Clone: 2A1H5E1; Thermo Fisher Scientific Inc.,
United Kingdom) using a closed-system automated
immunohistochemical staining device (Ventana, Roche,
United States) at the Department of Pathology. The
Sydney classification system was used to classify the
[13]
degree of gastritis . Biopsy samples for the ELISA
and enzyme activity assays were snap-frozen in liquid
nitrogen and kept at -80 ℃ until the analysis.

Inclusion criteria

Pediatric patients who were scheduled to undergo
endoscopy for any reason and whose families gave
written and verbal consent to be included in the study;
Patients who did not have any contraindications for
endoscopic biopsy.

Measurement of peptide levels

We previously established a method to differentially
measure the SP levels present in nerve endings and
[14,15]
in non-neuronal tissue
. Briefly, biopsy specimens
were cut into small pieces and kept in 1 mL of 2%
acetic acid at 95 ℃ for 10 min. Sequential collections
of the supernatant were performed in which the first
10-min extraction included predominately neuronal
SP, whereas the second extraction, which was reincubated in 1 mL of 2% acetic acid at 95 ℃ for 50
min, primarily yielded non-neuronal SP. Supernatants
were dried completely and then reconstituted in
150-300 µL of sample buffer from an SP EIA kit
(Cayman Chem., Catalog No. 583751). From each
sample, 25 and 50 µL were used for immunoassays,
which gave results with a 95% confidence interval.
Tissue extractions were also used for quantifying VIP
(Bachem-Pennisula Laboratories, cat. No. S1183) and
CGRP (Phoenix Pharmaceuticals, cat. No. EK-015-02)
via immunoassay. The detection limit for SP was
4-500 pg/mL, and we tested multiple dilutions of the
samples to avoid very low and high concentrations
because the assay is most sensitive within the 20-80
percentile (approximately 10-250 pg/mL). Under these
conditions, both intra- and inter-assay variabilities were
< 20%. The half maximal inhibitory concentration (IC50)
for VIP measurements was 200 pg/mL, and the same
precautions were taken to keep intra- and inter-assay
variabilities < 20%.

Exclusion criteria

Patients who had chronic diseases, such as malignancy,
diabetes mellitus, celiac disease, hemolytic uremic
syndrome, immune deficiency, and rheumatic diseases;
Patients who were receiving immunosuppressive
agents, anticoagulants, chemotherapeutic drugs, or
any non-steroidal anti-inflammatory drug; Patients who
had received a proton pump inhibitor, H2 blocker or any
antibiotics, including H. pylori eradication therapy, within
the previous three months.

Obtaining, storing, and processing of samples

The same pediatric gastroenterologist (Islek A)
performed all endoscopic examinations and biopsy
procedures using a Fujinon video endoscope. The
region between the oropharynx and the second part of
the duodenum was examined during the endoscopic
examinations, and endoscopic diagnoses were recorded.
Two biopsy samples were taken from the antrum of
all patients and used for the detection of H. pylori using
the rapid urease test. In patients with gastritis (based
on the endoscopic assessment), two biopsy samples,
one from where the gastric lesion was severe (S1)
and one from where the gastric lesion was less severe
(S2), were obtained from the antrum for pathological
examination and immunohistochemical staining. The
S2 biopsies were taken from tissue approximately
3-5 cm from S1. In addition, two more gastric biopsy
samples from S1 and S2 were taken for quantitative
measurements (ELISA) of tissue peptide levels and
NEP enzyme activity.
In patients with normal appearing gastric mucosa,
two biopsy samples from the antrum (C) were obtained
for pathological examination and immunohistochemical
staining, and two more gastric biopsy samples from
the antrum were taken for quantitative measurements
(ELISA) of tissue peptide levels and NEP enzyme
activity.
In all patients, three biopsy samples from the
second part of duodenum were obtained for histological
examination and NEP staining.
Paraffin blocks were prepared from all collected
tissue samples, and samples were cut into 4-µm-thick
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Measuring NEP-like activity

Dansyl-d-Ala-Gly-p-nitro-Phe-Gly, dansyl-d-AlaGly, and phosphoramidon, a specific NEP inhibitor,
were purchased from Sigma (St. Louis, MO, United
States). Measurement of NEP activity was performed
[16]
as previously described, with some modifications .
Briefly, snap-frozen tissues were weighed and
sonicated five times on ice for 15 s in ice-cold 50
mmol/L Tris-HCl (pH 7.4) buffer that included 1%
Triton X-100. The homogenates were centrifuged at
10000 × g for 3 min to remove cellular debris and
nuclei and then stored at -80 ℃ until used.
Samples (10 µL) were pre-incubated with enalapril,
an angiotensin-converting enzyme (ACE) inhibitor,
to prevent the cleavage of the fluorogenic substrate
(N-dansyl-d-Ala-Gly-p-nitro-Phe-Gly) by ACE, in the
presence or absence of phosphoramidon. Following
this preincubation, the fluorogenic substrate was
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Statistical analysis

added, and samples were incubated for an additional 2
h at 37 ℃. The final concentrations were 16.5 µmol/L
for enalapril, 16.5 µmol/L for phosphoramidon, and
200 µmol/L for the substrate in a reaction volume
of 160 µL. After 2 h of incubation, the fluorescence
absorbance of the sample was recorded using a
BIOTEC FX800 Reader. The amount of product was
estimated by measuring its fluorescence intensity
at 562 nm, with excitation at 342 nm. Arbitrary
fluorescence units for each sample were compared
against a standard curve prepared using dansyl-d-AlaGly (cleavage product) to determine the NEP-specific
activity per mg tissue. To verify the method, tissue
samples from freshly frozen kidneys were included as
a positive control.

Statistical analysis were performed using SPSS
software 18.0 and GraphPad InStat 3 software.
Paired or unpaired t-tests were used for comparing
parametric values in accordance with a normal
distribution, and Pearson’s chi-square tests were used
for analyzing descriptive statistics. A P value < 0.05
was considered to be statistically significant.

RESULTS
Of the 163 consecutive patients who underwent upper
endoscopic examination, 14 were excluded because of
their refusal to participate in the study, 8 because of a
diagnosis of celiac disease, four because of insufficient
samples, and 51 because of the previous use of proton
pump inhibitor, H. pylori eradication therapy or NSAIDs
and the presence of other chronic diseases. In addition,
four patients who had bile reflux during the endoscopic
examination were excluded from the study because
of the insufficient number of patients for a statistical
analysis. After the histological examination, the study
group comprised 52 patients who had grade Ⅱ or
Ⅲ chronic gastritis, and the control group, who had
grade Ⅰ chronic gastritis or histologically normal gastric
mucosal samples, comprised 30 patients. Histologically
defined gastritis was present in all patients whose
endoscopic examinations indicated gastritis. After
the histological examination, ten patients with
grade Ⅰ gastritis were moved from the study group
to the control group, and ten patients with grade Ⅱ
gastritis were moved from control group to the study
group (Figure 1). The demographic characteristics of
the patients are shown in Table 1.

Immunohistochemistry

Tissue neprilysin (NEP, CD10) levels were also
examined via immunohistochemistry. Immunostaining
was performed on formalin-fixed paraffin-embedded
sections. Sections from each block were deparaffinized
and heated in a microwave oven for 10 min for
antigen retrieval. Endogenous peroxidase was blocked
by incubating sections in 3% hydrogen peroxide in
methanol for 10 min. Each sequential incubation was
then followed by a thorough washing of the slides in
distilled water and phosphate-buffered saline (0.001%,
Sigma). After incubation with a monoclonal CD antibody
(Thermo Scientific, Fremont, CA, United States) for
60 min, the sections were allowed to react with a
biotinylated secondary antibody for 15 min, followed
by an incubation with streptavidin for an additional 15
min. Finally, all slides were treated with DAB for color
development and were then counterstained with Mayer’
s hematoxylin. Negative controls were created using
non-reactive TBS-1% BSA at the same concentration as
the primary antibody. Serial sections from an abdominal
lymph node from a patient diagnosed with diffuse
large-cell lymphoma were used as positive controls for
CD10 staining. Staining was evaluated separately in
foveolar, glandular, and endocrine cells. The staining
patterns were classified as focal or diffuse. The
intensity of staining was classified as weak, moderate,
or strong. The distribution of staining (cytoplasmic or
membranous) was also noted.

Changes in substance P levels in patients with gastritis

The S1 and S2 biopsy samples underwent a 2-step
extraction, and their SP levels were measured via
ELISA. Although the first extraction mostly contained
SP from neurons, the SP in the second extraction
[17]
reflected levels outside of neurons .
In both the first and second extractions, SP levels
were significantly higher in S1 than in C samples
(14980.11 ± 1950.82 pg/g vs 6913.20 ± 1360.56 pg/g
tissue in the first extraction and 8249.51 ± 1342.45
pg/g vs 2977.23 ± 777.21 pg/g tissue in the second
extraction, respectively). Moreover, SP levels were
significantly higher in the S1 than in S2 samples in both
extractions (14980.11 ± 1950.82 pg/g vs 6370.18 ±
1603.87 pg/g tissue in the first extraction and 8249.51
± 1342.45 pg/g vs 2980.37 ± 742.35 pg/g tissue in the
second extraction, respectively). However, there were
no significant differences in SP levels between the S2
and C samples in either the first or second extractions
(6370.18 ± 1603.87 pg/g vs 6913.20 ± 1360.56 pg/g
tissue in the first extraction and 2980.37 ± 742.35
pg/g vs 2977.23 ± 777.21 pg/g tissue in the second
extraction, respectively) (Figure 2A).

Histopathological examination

Histopathological examinations were performed by the
same experienced pathologist (OE). The evaluations
were performed according to the Sydney classification
[13]
system . Grouping (control or study group) was
performed according to the chronicity and degree
of the activity score (based on mononuclear cell
infiltration).

Determining the presence of H. pylori infections

H. pylori infection diagnoses were performed with
rapid urease tests and histopathological examinations.

WJG|www.wjgnet.com

8352

October 7, 2016|Volume 22|Issue 37|

Islek A et al . Neuropeptides in childhood gastritis
163 consecutive patients who
underwent upper endoscopic
examination

14 patients did not want to
participate to the study

Four patients were excluded
because of insufficient material
110 patients with dyspeptic complaints
and
39 patients with non-dyspeptic complaints
(such as iron deficiency, weight loss, and
suspicion of celiac disease)

51 patients were excluded
because of using PPI, H. pylori
eradication therapy or NSAIDs
and other chronic diseases
Eight patients were excluded
because of diagnosis of celiac
disease
Four patients were excluded
because of bile reflux

52 patients
study group

30 patients
control group

Figure 1 Patient recruitment flowchart. PPI: Proton pump inhibitor; H. pylori: Helicobacter pylori.

vs 3567.23 ± 1065.21 pg/g tissue in the second
extraction, respectively) (Figure 2C).

Table 1 Demographic characteristics of the patients
Patient characteristics

Study group

Control group

n
Age (yr)
mean
median
range
Sex (F/M)
Grading of gastritis
(Sydney class, activity
score)
Mild (Grade Ⅰ)
Moderate (Grade Ⅱ)
Severe (Grade Ⅲ)
H. pylori

52

30

12.47 ± 4.087
13.5
6-17
29/23
S1
S2

11.6 ± 4.065
12.6
6-17
17/13
Normal gastric
mucosa; 14 patients

24
28

44
8
23

Grade Ⅰ gastritis;
16 patients
6

P value

Effects of sex on tissue SP levels

We did not observe any significant difference in SP
levels in the first and second extractions in the study
group (S1 and S2) and control group (C) between girls
and boys.

0.847
0.981
-

Changes in vasoactive intestinal peptide levels in
gastritis patients

In the first and second extractions, VIP levels were
significantly higher in the C samples than in both S2
(11633.70 ± 2596.89 pg/g vs 4867.64 ± 1862.84
pg/g tissue in the first extraction and 8339.03 ±
2437.23 vs 3435.87 ± 707.74 pg/g tissue in the
second extraction, respectively) and S1 (11633.70
± 2596.89 pg/g vs 288.21 ± 116.24 pg/g tissue
in the first extraction and 8339.03 ± 2437.23 pg/
g vs 1895.53 ± 655.41 pg/g tissue in the second
extraction, respectively) samples. Also, VIP levels
were significantly lower in S1 than in S2 samples
in both the first and second extractions (288.21
± 116.24 pg/g vs 4867.64 ± 1862.84 pg/g tissue
in the first extraction and 1895.53 ± 655.41 pg/g
vs 3435.87 ± 707.74 pg/g tissue in the second
extraction, respectively) (Figure 3A).

0.027

H. pylori: Helicobacter pylori.

Changes in SP levels in H. pylori (+) and (-) patients

H. pylori was detected in 29 of 82 individuals in the
study. There were no significant differences in SP
levels between H. pylori-positive and H. pylori-negative
individuals (Figure 2B).

Changes in substance P levels according to gastritis
grade

There were significant differences in SP levels between
patients with mild (Sydney Ⅰ) and moderate/severe
(Sydney Ⅱ or Sydney Ⅲ) gastritis. SP levels were
higher in the patients with Sydney Ⅱ or Sydney Ⅲ
gastritis than in those with Sydney I gastritis (16734.86
± 1754.35 pg/g vs 6534.27 ± 986.45 pg/g tissue
in the first extraction and 8790.83 ± 1326.92 pg/g

WJG|www.wjgnet.com

Changes in VIP levels in H. pylori (+) and (-) patients

No significant differences in VIP levels was detected
between H. pylori (+) and H. pylori (-) individuals
(Figure 3B).
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Figure 2 Substance P levels in the control (n = 30) and study (n = 52) groups. A: Substance P (SP) levels were significantly higher in the gastric mucosa from
sites with severe gastritis (S1) (a) than in the control group in both the first and second extractions (b) (P = 0.001 and 0.004, respectively). SP levels were significantly
higher in S1 (a) sites than in areas with less severe gastritis (S2) (c) in both extractions (P = 0.006 and 0.001, respectively). However, there were no significant
differences in the SP levels between the S1 and S2 samples in both the first and second extractions (P = 0.81 and 0.99, respectively); B: There were no significant
differences in the SP levels between H. pylori (+) and H. pylori (-) patients; C: SP levels were significantly higher in patients with high-grade gastritis. H. pylori:
Helicobacter pylori.

Changes in VIP levels according to gastritis grade

were significantly lower in S1 than in the C samples
(229.56 ± 49.63 pg/g vs 1184.18 ± 80.46 pg/g
tissue in the first extraction and 397.80 ± 145.84
vs 1184.18 ± 80.46 pg/g tissue in the second
extraction, respectively) and in S2 than in C samples
(947.42 ± 265.65 pg/g vs 1184.18 ± 80.46 pg/g
tissue in the first extraction and 618.02 ± 206.71 vs
1184.18 ± 80.46 pg/g tissue in the second extraction,
respectively). Moreover, CGRP levels were lower S1
than in S2 samples (229.56 ± 49.63 pg/g vs 947.42
± 265.65 pg/g tissue in the first extraction and 397.80
± 145.84 pg/g vs 618.02 ± 206.71 pg/g tissue in the
second extraction, respectively) (Figure 4A).

There were significant differences in VIP levels
between patients with mild (Sydney grade Ⅰ ) and
moderate/severe (Sydney grade Ⅱ or Ⅲ) gastritis.
VIP levels were higher in patients with a mild disease
than in patients with a moderate/severe disease
(6876.12 ± 896.31 pg/g vs 256.68 ± 46.87 pg/g
tissue in the first extraction and 4045.23 ± 876.21
pg/g vs 1042.12 ± 241.12 pg/g tissue in the second
extraction, respectively) (Figure 3C).

Effects of sex on tissue VIP levels

We did not observe any significant difference in VIP
levels in the first and second extractions in the study
group (S1 and S2) and control group (C) between girls
and boys.

Changes in CGRP levels in H. pylori (+) and (-) patients

There was no significant difference in CGRP levels
between H. pylori (+) and (-) individuals (Figure 4B).

Changes in calcitonin gene-related peptide levels in
patients with gastritis

Changes in CGRP levels according to gastritis grade

There were significant differences in CGRP levels

In the first and second extractions, CGRP levels
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Figure 3 Vasoactive intestinal peptide levels in the control (n = 30) and study (n = 52) groups. A: Vasoactive intestinal peptide (VIP) levels were significantly
lower in the gastric mucosa from sites with severe (S1) and less severe (S2) gastritis than in the control group. (P = 0.0095, P = 0.0013, first extraction, respectively
(a and b); P = 0.001, P = 0.030, second extraction, respectively (a and b)]. The VIP levels were significantly lower in S1 (a) samples than in S2 (c) samples in both
the first and second extractions (P = 0.017 and P = 0.030, respectively); B: There were no significant differences in VIP levels between H. pylori (+) and H. pylori (-)
patients; C: VIP levels were significantly higher in patients with low-grade gastritis. H. pylori: Helicobacter pylori.

between patients with mild (Sydney grade Ⅰ) and
moderate/severe (Sydney grade Ⅱ or Ⅲ) gastritis.
CGRP levels were higher in patients with gradeⅠgastritis
than in those with grade Ⅱ or Ⅲ gastritis (1063.87
± 276.51 pg/g vs 312.34 ± 43.61 pg/g tissue in the
first extraction and 862.85 ± 112.29 pg/g vs 328.13 ±
49.12 pg/g tissue in the second extraction, respectively)
(Figure 4C).

recorded. We also measured NEP activity in freshly
frozen tissues.
In the study and control groups, no CD10 staining
at the gastric epithelium was observed (Figure 5A and
B). In accordance with this observation, we did not
detect measurable levels of NEP-like activity in these
samples.
In 38 of the 45 patients in the study group,
CD10 staining was positive (focal or diffuse) in
lymphoplasmacytic cells in S1 samples, whereas no
staining was observed in seven patients. In 28 S1
biopsy samples from patients, diffuse staining was
observed in lymphocytic cells, and focal staining was
observed in 10 patient samples. In 15 S2 biopsy
samples from patients, CD10 staining was diffuse, and
in 23 patient samples, the staining was focal. Based on
the statistical analysis of these results, S1 staining was
significantly more diffuse than S2 staining (Pearson's
chi-square test, P = 0.002). In the H. pylori (+)
patients, intense staining was observed in the germinal
centers of lymphoid follicles.

Effects of sex female status on tissue CGRP levels

We did not observe any significant difference in CGRP
levels in the first and second extraction in the study
group (S1 and S2) and control group (C) between girls
and boys.

Changes in neutral endopeptidase in patients with
gastritis

The gastric mucosa samples of 45 patients from the
study group and 29 patients from the control group
were stained for CD10, and the staining characteristics
of epithelial cells and lymphoplasmacytic cells were
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Figure 4 Calcitonin gene-related peptide measurements in the control (n = 30) and study (n = 52) groups. A: The calcitonin gene-related peptide (CGRP)
levels were lower in the gastric mucosa from sites with severe (S1, b) and less severe (S2, a) gastritis than in the control group in the first and second extractions (P
= 0.011, P = 0.031, first extraction, respectively; P = 0.002, P = 0.004, second extraction, respectively). Moreover, in the study group, CGRP levels were lower in S1
than in S2 samples in both the first and second extractions (P = 0.037 and P = 0.046, respectively); B: No significant differences in the CGRP levels were observed
between H. pylori (+) and H. pylori (-) patients in the first and second extractions; C: CGRP levels were significantly higher in patients with low-grade gastritis. H.
pylori: Helicobacter pylori.

Despite the positive staining of some samples, we
could not detect measurable levels of NEP-like activity,
suggesting that factors extracted during the sample
[17]
preparation inhibit the enzymatic activity of NEP .
In 27 of the 29 patients in the control group, CD10
staining was positive in lymphoplasmacytic cells,
whereas no staining was observed in samples from
two patients. In eight patients, sample staining was
diffuse. However, samples from 19 patients had focal
staining. These results indicate that the gastric mucosa
(lymphoplasmacytic cells) of the control group had less
diffuse staining than did the severe and less severe
areas of gastritis of the study group (P = 0.011 and P
2
= 0.040, respectively; Pearson’s χ test).

with duodenitis (n = 52, P = 0.012) (Figure 5C). The
loss of CD10 staining was more pronounced in cases
of severe (based on the severity of mononuclear cell
infiltration) duodenitis (33/52).

DISCUSSION
Gastritis, which is defined as an inflammation of the
gastric mucosa, is a major cause of chronic abdominal
[1]
pain in children . In the current study, we investigated
the roles of neuronal and non-neuronal peptides in
the pathogenesis of chronic childhood gastritis. We
observed differential effects of the disease on peptide
levels. Specifically, SP was increased and CGRP and
VIP were decreased in patients with severe gastritis.
The changes were more prominent in S1 areas (where
the gastritis was severe), but significant changes were
also observed in the neighboring tissue (areas with less
severe gastritis). In addition, the changes correlated
with the pathological grade. The expression of CD10,

Changes in CD10 in patients with duodenitis

We investigated CD10 staining in the duodenal
mucosa, which reflects NEP activity. The patients
without duodenitis (n = 30) had more pronounced
diffuse and strong CD10 staining than did the patients
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A

B

C

D

Figure 5 Gastric mucosa samples stained with CD10. A: In patients with gastritis, diffuse CD10 positivity is shown in lymphocytes under the surface epithelium.
Staining was not observed in the glandular epithelium (CD10, magnification × 200); B: CD10 positivity is shown in lymphocytes inside the epithelium of patients with
gastritis. Staining was not observed in the glandular epithelium (CD10, magnification × 400); C: Intense positive staining is shown in the brush borders of the surface
epithelium and supranuclear cytoplasm from healthy duodenal samples (CD10, magnification × 100 and 200); D: Loss of CD10 staining on the surface epithelium of
duodenal samples from patients with duodenitis.
[17]

the enzyme primarily involved in the hydrolysis of SP
was also decreased in patients with duodenitis.
SP is an inflammatory peptide that is mainly
released from sensory nerve endings. In the gas
trointestinal tract, SP and its receptor have been
reported to be extensively expressed in myenteric
and submucosal nerve plexuses. In addition, SP is
found in neutrophils, eosinophils, macrophages, and
dendritic cells. SP plays roles in muscle contraction,
epithelial ion transport, vascular permeability, and the
[18-23]
regulation of immune function
. The inflammatory
activity of SP has often been shown in in vitro studies
and in animal experiments. Specifically, the activation
of SP-containing nerve endings increases neutrophil,
lymphocyte, monocyte, and fibroblast chemotaxis,
[24-26]
suggesting a role in neurogenic inflammation
.
Although experimental studies have shown that SP
plays an important role in the formation of ulcers, it is
not known how the levels of SP change in association
with childhood gastritis. Here, we used a quantitative
approach and found that SP is increased in both
neuronal and non-neuronal diseased-tissue in a gradedependent manner. Furthermore, the presence of an
H. pylori infection did not alter SP levels; hence, SP
probably exerts its inflammatory effect independent of
H. pylori infections.
These findings correlate well with the inflammatory
role of SP but differ from the results reported for adult
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patients in a study using a very similar approach .
[17]
Specifically, Erin et al
evaluated 57 adult patients
with gastritis and reported two-way changes in SP
levels. In patients with gastritis, SP levels in gastric
mucosa with a lesion were found to be similar to the
levels in healthy gastric mucosa, even though the
amount of neuronal SP was significantly lower in
lesion-free gastric mucosa than in healthy mucosa. The
researchers suggested that neuronal SP is suppressed
in lesion-free regions in patients with gastritis, which
may suggest a degeneration of sensory nerve endings.
However, the researchers did not compare their
findings based on the Sydney classification system
in that study. Also, differences between adult and
pediatric patients might be due to lower physiological
levels of neuronal SP in children. This possibility
should be evaluated further. Our results, together
with previously published data on SP, suggest that an
SP antagonist may have therapeutic value in treating
children with chronic gastritis.
VIP has anti-inflammatory effects by reducing
the secretion of proinflammatory cytokines (TNFα,
IL-6, and IL-12), increasing the secretion of antiinflammatory cytokines (such as IL-10), and reducing
[27]
Th1 activation . VIP analogs have been shown to be
useful in inflammatory and autoinflammatory models,
such as models of endotoxic shock, Crohn’s disease,
ulcerative colitis, rheumatoid arthritis, Parkinson’s
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[28]

[35,36]

disease, and brain injury . Information regarding the
change in VIP levels in upper gastrointestinal diseases
is very limited. In an experimental cold-induced stress
ulcer rat model, the administration of intraperitoneal
VIP led to decreased histamine and methylhistamine
[9]
levels and healing of mucosal ulcers , and a few
animal studies have demonstrated gastro-protective
[29,30]
effects of VIP
. In a study with a limited number
of adult H. pylori (+) gastritis patients, VIP levels
were shown to be decreased in the gastric mucosa.
Researchers have suggested that this decrease in
VIP levels may play a role in the pathogenesis of
[10]
gastritis . In 1985, 8 adult patients with duodenal
ulcers were reported to have increased levels of VIP
[31]
in their proximal duodenal mucosa . In 2012, Erin
[17]
et al
evaluated 57 adult patients and reported that
neuronal VIP levels were significantly higher in healthy
gastric mucosa samples than in samples from patients
with gastritis and ulcers. In addition, reductions in VIP
levels, particularly VIP of neuronal origin, were shown
to be more pronounced in patients with peptic ulcers.
Therefore, the researchers suggested that reductions
in VIP levels may lead to inflammatory gastrointestinal
pathologies, such as gastritis and ulcers. In our study,
we found that VIP levels were significantly higher in
healthy gastric mucosa and in areas with mild gastritis
(control group) compared with the levels in areas with
moderate-severe gastritis (both S1 and S2). Moreover,
we also found that VIP levels in S1 samples were
significantly lower than levels in S2 samples in the first
and second extractions.
In our study, we did not find any relationship
between decreased VIP levels and H. pylori infections.
VIP increases the secretion of HCO3 in the mucus,
contributing to the protection of the underlying
[32]
epithelium . The decreased levels of VIP may lead
to the degradation of the gastric mucus barrier and
damage to gastric epithelial cells, which in turn allows
the easy penetration of H. pylori. The results of our
study suggest that reductions in VIP rather than H.
pylori infections causes gastritis, which is consistent
[17]
with the findings of the study by Erin et al
on adult
patients. Our study is the first to evaluate the VIP levels
in childhood gastritis and suggests that mimetics of
VIP may have a therapeutic value in treating childhood
gastritis.
Blocking the CGRP pathway (such as via the
ablation of afferent nerves with capsaicin) decreases
the protective hyperemic response. In experimental
studies, the administration of CGRP has been shown
to result in the stimulation of sensory nerves, and in
various experimental gastric ulcer models, CGRP has
been found to create a protective effect. CGRP also
accelerates the healing of gastric mucosal lesions
and gastric ulcers created by various ulcerogenic
[10,33,34]
factors
. It has been suggested that CGRP and
its receptor in the transient receptor potential vanilloid
type-1 pathway might be novel targets for therapeutic
agents in treating gastric mucosal injury and visceral

WJG|www.wjgnet.com

sensitivity in functional bowel syndrome
.
[10]
Sipos et al
evaluated 10 adult patients with
gastritis and found that CGRP- containing immuno
reactive nerve endings were slightly decreased relative
to the number present in the control group. In our
study, we found that CGRP levels were lower in S1
and S2 samples in the first and second extractions
in children with gastritis compared with levels in the
controls. Moreover, the CGRP levels were lower in
S1 than in S2 samples. These results indicate that
decreased levels of CGRP might be involved in the
pathogenesis of gastritis. To our knowledge, this study
is the first to evaluate changes in CGRP and their
effects on pediatric patients with gastritis. Finally, we
observed no differences in SP, CGRP, or VIP levels in
the H. pylori (+) vs H. pylori (-) groups, but we found
significant differences in patients with gradeⅠ vs Ⅱ-Ⅲ
gastritis. The reason for this is related to the fact that
almost half of the patients in the study group, where
severe gastritis was more common, were H. pylori (-).
Therefore, we suggest that changes in neuropeptides
can cause gastric mucosal damage independent of H.
pylori infection.
NEP is a membrane-bound cell-surface enzyme
that is densely concentrated in the brush border
of the small intestinal mucosa. In healthy mucosa,
linear (regular) CD10 staining was observed via
[37]
immunohistochemical methods. Trejdosiewicz et al
reported no CD10 staining in healthy gastric mucosa
in patients with celiac disease. In our study, we did not
observe any NEP enzyme activity in the gastric mucosa
or epithelial CD10 staining. In adults with chronic
gastritis, intraepithelial neutrophil density indicates
the extent of mucosal damage. Neutrophil density has
been shown to be far lower in children than in adults,
[38]
but lymphocyte infiltration is more prominent . In
our study, diffuse CD10 staining of gastric mucosal
lymphoplasmacytic cells was significantly lower in the
control group than in the study group. Moreover, we
observed more intense CD10 staining in S1 than in
S2 samples. Hematopoietic progenitor cells, called
common lymphoid progenitors, have the potential to
transform into T, B, and natural killer cells and express
NEP. The more frequent detection of CD10-positive
lymphoplasmacytic cell-inflamed regions suggests that
cells expressing NEP may play a role in the onset or
aggravation of inflammation.
6
7
7
8
NEP hydrolyzes SP at the Gln -Phe , Phe -Phe
9
and Gly -Leu regions and creates SP fragments with
[12]
different activities . In our study, we observed
elevated SP levels and an increased presence of
CD10 positive cells in regions with lesions, which
can be interpreted as a reactive response. The role
and significance of epithelial NEP expression seem to
differ from the role and significance of its expression
in immune cells. Epithelial NEP expression seems to
be important in the protection of the mucosa. NEP
may have a role in the growth and differentiation
of intestinal epithelial cells, and it has been used in
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as SP fragments, formed following hydrolysis with NEP is recognized to have
gastroprotective effects, decreased levels of VIP, SP and NEP may predispose
to cellular damage. In the present study, the authors aimed to investigate the
roles of neuronal and non-neuronal peptides in the pathogenesis of chronic
gastritis in children.

support of diagnoses of microvilli inclusion disease
[37,39-41]
using light microscopy
. In a study of ulcerative
colitis patients, a regular staining pattern was detected
in healthy ileal mucosa, but no staining was observed
[42]
in inflamed mucosa , and changes in NEP expression
were reported in a patient with intestinal metaplasia
[43]
accompanied by gastric adenocarcinoma . Moreover,
we observed a more prominent diffuse CD10 staining
pattern in the duodenal mucosa of patients without
duodenitis than in those with duodenitis.
Our study is the first to evaluate the level and
expression of NEP in inflamed gastric mucosa and
the duodenum, and our results suggests that the
loss of epithelial NEP activity is involved in duodenal
inflammation. The changes observed in inflammatory
infiltrates most likely signify the reactive infiltration
of immature immune cells associated with gastritis.
In conclusion, based on these findings, we propose
that decreased levels of VIP and CGRP and increased
levels of SP contribute to the pathological changes in
the gastric mucosa observed in patients with gastritis.
Hence, new treatments targeting these molecules may
have therapeutic and preventive actions.

Applications

Advances in the knowledge of the authors’ underlying mechanisms will help in
developing new treatment options. The use of SP antagonists, VIP analogues
or targeting the CGRP pathway with novel therapeutic agents can be a good
treatment option.

Terminology

Inflammation of the gastric mucosa is defined as gastritis. The gastrointestinal
system contains sensory neuropeptides, such as VIP, SP, and CGRP.
Disturbances in neuropeptide content may result in gastritis.

Peer-review

Authors reported that in this study decreased levels of VIP and CGRP and
increased levels of SP contribute to pathological changes in gastric mucosa in
children. The results suggest that new treatments targeting these molecules
may have therapeutic and preventive effects.
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Abstract
AIM
To investigate autophagy-related genes, particularly
ATG12, in apoptosis and cell cycle in hepatitis B virus
(HBV)-associated hepatocellular carcinoma (HCC) and
non-HBV-HCC cell lines.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board (IRB No.
396/55), Faculty of Medicine, Chulalongkorn University.
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METHODS
The expression of autophagy-related genes in HBVassociated hepatocellular carcinoma and non-HBV-HCC
cell lines and human liver tissues was examined by
quantitative real-time reverse transcriptase-polymerase
chain reaction (qRT-PCR) and western blotting. The
silencing of target genes was used to examine the
function of various genes in apoptosis and cell cycle
progression.

Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i37/8361.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i37.8361

INTRODUCTION
Previous studies have reported that HBV expression is
[1-3]
correlated with autophagy induction . HBV enhances
and uses autophagy for its replication via the HBx
protein, which binds and activates phosphatidylinositol3-kinase class 3 (PIK3C3), an enzyme important for
the initiation of autophagy. Autophagy inhibitors or
the silencing of enzymes essential for the formation
of autophagosomes suppresses HBV DNA synthesis
[2]
with a minimal effect on the HBV mRNA levels . The
role of autophagy in the production of HBV virions was
demonstrated in HBV transgenic mice with a liver[4]
specific deficiency of Atg5 . We recently confirmed
that ATG12 knock down reduced HBV DNA levels in
HepG2.2.15 cells and induced the interferon signaling
pathway, suggesting that autophagy machinery
may aid HBV survival by reducing antiviral innate
[5]
immunity .
Many studies have provided evidence to support
the role of autophagy in human cancer. Beclin-1 was
the first mammalian autophagy gene to be identified.
The monoallelic deletion of Beclin-1 at chromosome
17q21 is sporadically observed in approximately
[6,7]
[8]
75% of ovarian cancers , 50% of breast cancers ,
[9]
and 40% of prostate cancers . Other mutations in
autophagy genes such as Atg5, Atg12, Atg9B are
[10]
frequent in gastric and colon cancers . UVRAG, a
[10,11]
Beclin1-interacting protein
and Atg4C were also
[12]
shown to suppress tumor gene activity . Liverspecific Beclin-1 knockout heterozygous mice showed
increased rates of hepatocellular carcinoma in old aged
[13,14]
-/mice
. Furthermore, mosaic Atg5 mice developed
[15]
benign liver tumors at 6-mo of age
and Atg7
hepatocyte-specific knockout mice also developed liver
[15]
tumors later in life . These data support the idea that
autophagy defects contribute to tumorigenesis.
However, autophagy deficient cells can occur via
cellular damage caused by dysfunctional mitochondria,
oxidative stress, endoplasmic reticulum stress,
[16]
necrosis and p62 accumulation . The accumulation
[17]
of cell damage can lead to chromosome instability
[18]
and inflammatory responses , resulting in tumor
development. Although, autophagy functions as a tumor
suppressor in primary cells, it is important for cancer
cell survival. Interestingly, spontaneously occurring liver
tumors did not progress in chimeric mice with Atg5
[15]
or Atg7 loss . This finding implies that autophagy is
required for tumor progression. Additionally, autophagy
is required for cancer progression of other types of
cancers. For example, an Atg3 deletion in hematopoietic
[19]
cells prevents BCR-Abl-mediated leukemia . Some

RESULTS
The expression of autophagy related genes ATG5 ,
ATG12 , ATG9A and ATG4B expression was analyzed
in HepG2.2.15 cells and compared with HepG2 and
THLE cells. We found that ATG5 and ATG12 mRNA
expression was significantly increased in HepG2.2.15
cells compared to HepG2 cells (P < 0.005). Moreover,
ATG5-ATG12 protein levels were increased in tumor
liver tissues compared to adjacent non-tumor tissues
mainly from HCC patients with HBV infection. We also
analyzed the function of ATG12 in cell apoptosis and
cell cycle progression. The percentage of apoptotic cells
increased by 11.4% in ATG12-silenced HepG2.2.15
cells (P < 0.005) but did not change in ATG12-silenced
HepG2 cells under starvation with Earle’s balanced salt
solution. However, the combination blockade of Notch
signaling and ATG12 decreased the apoptotic rate of
HepG2.2.15 cells from 55.6% to 50.4% (P < 0.05).
CONCLUSION
ATG12 is important for HBV-associated apoptosis and
a potential drug target for HBV-HCC. Combination
inhibition of ATG12/Notch signaling had no additional
effect on HepG2.2.15 apoptosis.
Key words: Autophagy; Hepatitis B virus; Hepatocellular
carcinoma; ATG12; Apoptosis; Cell cycle; Notch signaling
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: ATG5-ATG12 protein expression was increased
in hepatitis B virus (HBV)-transfected HepG2.2.15 cells
when they were compared with HepG2 cells and was
increased in tumor liver tissues compared to adjacent
non-tumor tissues from hepatocellular carcinoma (HCC)
patients with HBV infection. We showed that silencing
of ATG12 increased cell apoptosis of HepG2.2.15
cells but not HepG2 cells under starvation conditions.
These results suggest that ATG5-ATG12 proteins are
important for the survival of HBV-associated HCC
during states of limited tumor nutrients. The inhibition
of ATG12 might be a good target for HBV-associated
HCC treatment.
Kunanopparat A, Kimkong I, Palaga T, Tangkijvanich P,
Sirichindakul B, Hirankarn N. Increased ATG5-ATG12 in
hepatitis B virus-associated hepatocellular carcinoma and their
role in apoptosis. World J Gastroenterol 2016; 22(37): 8361-8374
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starvation medium; Invitrogen, United States) for the
indicated number of hours (between 4-8 h).

Table 1 Sequences of primers used in this study
Gene names

Primer sequences (5’-3’)

Beclin-1

BECN1-F
BECN1-R
ATG5-F
ATG5-R
ATG12-F
ATG12-R
ATG9A-F
ATG9A-R
ATG4B-F
ATG4B-R
B-actin-F
B-actin-R

ATG5
ATG12
ATG9A
ATG4B
B-actin

Human HCC samples

GGATCAGGAGGAAGC
GATGTGGAAGGTTGC
GCTTCGAGATGTGTGGTTTGG
ACTTTGTCAGTTACCAACGTCA
TTGTGGCCTCAGAACAGTTG
GAGAGTTCCAACTTCTTGGTCTG
CGTGTGGGAAGGACAG
GGCGCTTTCTCCACTC
TCCATAGGCCAGTGGTACG
TGCACAACCTTCTGATTTCC
ACCAACTGGGACGACATGGAGAA
GTGGTGGTGAAGCTGTAGCC

Human liver tissues were obtained from King Chu
lalongkorn Memorial Hospital. The use of tissue biopsy
was approved by the Institutional Review Board (IRB
No. 396/55), Faculty of Medicine, Chulalongkorn
University. The sections of tumor tissue and adjacent
non-tumor tissue were performed at the Department
of Pathology, Chulalongkorn University. The tissue
samples were divided into two groups: HBV-infected
and non-HBV infected groups. The diagnosis of HBV
infection from HCC patients was established by
seropositivity for HBsAg, HBV viral DNA, anti-HBcAg
and seronegativity to anti-HBsAg. All fresh tissue
samples were snap frozen in liquid nitrogen and stored
at -80 ℃ prior to use.

tumor cells are susceptible to growth inhibition or
[20]
death when autophagy is inhibited. Guo et al , found
that Ras-driven tumors required autophagy for tumor
cell survival upon starvation. Therefore, autophagy
has a dual-function in cancer. It functions as a tumor
suppressor during cancer initiation, but also functions to
promote tumor progression and metastasis later in the
development process.
Because HBV infection is associated with hepato
cellular carcinoma (HCC) and requires the induction
of autophagy for its survival, we investigated the
involvement of autophagic genes in cancer cell survival
using HBV-associated HCC and non HBV-HCC cell lines
and liver tissues.

RNA extraction and cDNA synthesis

Total cellular RNA was extracted using Real Genomics
Total RNA Extraction kit (RBC Bioscience, Taiwan).
The quantity of RNA was measured using a spectro
photometer. RNA concentrations in a solution were read
and a 260 nm absorbance reading of 1.0 was equivalent
to about 40 µg/mL of RNA and the ratio of absorbance
at 260 and 280 nm was used to assess the RNA purity
of RNA preparations. Then 1 µg of total RNA was
converted to cDNA using High-Capacity cDNA Reverse
Transcription Kits (Applied Biosystems, United States).

MATERIALS AND METHODS

Analysis of mRNA expression using real-time
quantitative PCR

Cell lines

The immortalized human liver epithelial cell line
®
(THLE-2; ATCC CRL-2706™, Manassas, VA, United
States) was cultured in BEGM medium (CC3170
Bullet Kit; Lonza, Walkersville, MD, United States)
supplemented with 10% heat-inactivated fetal bovine
serum (FBS), 5 ng/mL epidermal growth factor and 70
ng/mL phosphoethanolamine and maintained at 37 ℃
in 5% CO2. The flasks were precoated with a mixture
of 0.01 mg/mL fibronectin, 0.03 mg/mL bovine
collagen type I and 0.01 mg/mL bovine serum albumin
dissolved in BEBM medium. The human hepatocellular
carcinoma (HepG2) and HBV-transfected HepG2.2.15
cell lines were obtained from Professor Antonio
Bertoletti (Singapore Institute for Clinical Sciences,
A*Star). These two cell lines were maintained in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco,
United States) supplemented with 10% heatinactivated FBS, 100 U/mL penicillin, and streptomycin
at 37 ℃ in 5% CO2. For HepG2.2.15 cells, the medium
was supplemented with 150 µg/mL of G418 (Geneticin;
Gibco, United States) to maintain HBV plasmids.

PCR reactions were performed in a 20 µL reaction
volume in a 96-well plate (Applied Biosystems, United
States). The PCR mixture contained 2 µL of cDNA
®
template, 10 µL of commercial (2 ×) Power SYBR
Green PCR Master Mix (Applied Biosystems), and each
primer at a final concentration of 0.5 µmol/L. Real-time
PCR runs were carried out using an ABI Thermal cycler
7500 real-time PCR instrument (Applied Biosystems).
The conditions for thermal cycling were as follows:
initial denaturation at 95 ℃ for 10 min, followed by
40 amplification cycles at 95 ℃ for 15 s and then
60 ℃ for 1 min. For each PCR run, a negative (notemplate) control was used to test for false-positive
results or contamination. The absence of nonspecific
amplification was confirmed by generating a melt
curve using the Applied Biosystems real-time PCR
system software. The primers utilized in this study are
summarized in Table 1.

Quantifying relative gene expression

To analyze the relative gene expression data, we used
-ΔΔC
[21]
real-time quantitative PCR and the 2 T method .
The CT values were obtained from real-time PCR
instrumentation. The quantity of mRNA relative to a
-ΔC
reference gene was calculated using the formula 2 T,

Autophagy induction

To induce starvation conditions, the cells were incubated
in serum-free Earle’s balanced salt solution (EBSS;
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where ΔCT = (CT target RNA - CT reference RNA). Comparison
of gene expression was based on a comparative CT
method (ΔΔCT), and the relative RNA expression was
-ΔΔC
quantified according to the formula of 2 T, where
ΔΔCT = (CT target RNA (experimental group) - CT reference RNA (experimental
group)) - (CT target RNA (control group) - CT reference RNA (control group)).
Genes with high expression levels were selected for
the functional study.

plasmid specific to ATG12 or a negative control
(SureSilencing shRNA Plasmid; Qiagen, United States).
The shATG12 plasmids contained following sequence:
5’-GCAAATCCTCTATGCCTTCTT-3’. Negative controls
were inserted with a mock target sequence as follows:
5’-GGAATCTCATTCGATGCATAC-3’. Transfection of shRNA
®
plasmids was carried out using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instructions.
At 72 h post-transfection, cells were collected and
the silencing efficiency of the shRNA was detected by
western blotting.

Western blot analysis

All cell lines and human liver tissues samples were
lysed with RIPA buffer (25 mmol/L Tris-HCl, pH
7.6, 150 mmol/L NaCl, 1% NP-40, 1% sodium
deoxycholate, 0.1% sodium dodecyl sulfate). After
sonication, protein concentrations of cell lysates
were measured using BCA assay (Thermo Scientific,
United States). Then 20 µg of protein from each
cell line was loaded onto a 12% polyacrylamide gel
and run at 130 V for 80 min. The proteins were
transferred onto nitrocellulose membranes and were
immunoblotted with primary mAb against Atg9a,
Atg12, cNotch1, GAPDH (dilution, 1:1000; rabbit
mAb; Cell Signaling Technologies, United States)
and Atg4b (dilution, 1:1000; mouse mAb; Abcam,
United States). After washing, the membranes were
incubated with secondary antibodies conjugated with
horseradish peroxidase (dilution 1:2000) and were
analyzed with enhanced chemiluminescence (ECL)
substrate (SuperSignal West Femto Chemiluminescent
Substrate; Thermo Scientific). Images were quantified
®
using a Licor-odyssey image system (LI-COR , United
States).

Flow cytometric analysis

Specific autophagic silenced cells (shATG12) were
assayed for apoptosis using PE-labeled annexin V
staining (BioLegend, San Diego, CA, United States) and
®
Fixable Viability Dye eFluor 780 staining (eBioscience,
CA, United States). Total apoptotic cells and early
apoptotic cells were defined as annexin V-positive and
®
Fixable Viability Dye eFluor 780-negative and late
apoptotic cells were defined as annexin V-positive and
®
Fixable Viability Dye eFluor 780-positive. For cell cycle
analysis, cells were fixed with 70% ice-cold ethanol
for at least 2 h on ice. The supernatant was removed,
and the pellet was washed and treated with RNaseA
to resuspend cells. Cells were then stained with
propidium iodide (PI) solution at room temperature in
the dark for 30 min. Cells were acquired on a FACScan
(BD Biosciences, United States) and analyzed with
FlowJo 10.0 software (FlowJo LLC., United States).

Statistical analysis

Significant differences were determined by unpaired t
test with GraphPad Prism software, version 5.0 (San
Diego, CA, United States). Statistical significance was
set at a P value of < 0.05.

Determination of HBx gene effect on autophagic gene
expression

HepG2 cells were grown in DMEM supplemented with
10% FBS, antibiotic-free at 37 ℃ in 5% CO2 for 24
h. HepG2 cells were transfected with 500-1000 ng of
pGFP-HBx plasmids (Addgene, MA, United States) or
®
pGFP (negative control) using 1-3 µL of Lipofectamine
2000 Transfection Reagent (Invitrogen, United States).
®
Opti-MEM I Reduced Serum Medium (Invitrogen)
®
was used to dilute Lipofectamine 2000 and plasmids,
which were then gently mixed at a 1:1 ratio, incubated
for 40 min at room temperature. HepG2 cells were
diluted in complete growth medium without antibiotics
5
to a final concentration of 4 × 10 cells/mL, then
the cells were added to culture plates with plasmid®
Lipofectamine 2000 complexes and gently mixed
by rocking the plate. The cells were incubated for
24-72 h at 37 ℃ in a 5% CO2 incubator. The relative
autophagic gene expression was detected by real-time
quantitative PCR.

RESULTS
Expression profile of autophagic genes in cell lines and
HCC biopsy tissue

To investigate the involvement of autophagy in HCC, we
used Beclin-1 as a marker for HBV-induced autophagy
under starvation conditions. We analyzed Beclin-1
mRNA expression in HBV-transfected HepG2.2.15 cells
and the parental cell line, HepG2. At 4 h post-starvation,
Beclin-1 was up regulated in both cell lines and was
then down regulated at 8 h (data not shown). Thus, we
selected autophagy induction with starvation in EBSS
for 4 h for all subsequent experiments.
Autophagy related genes that represent each
major part of the autophagy machinery including (1)
induction step (Beclin1); (2) the first ubiquitin-like
conjugation molecules (ATG5 and ATG12); (3) the
cysteine protease that catalyzes the second ubiquitinlike conjugation molecules (ATG4B); and (4) the
transporter membrane required for autophagosome

RNA interference

HepG2 and HepG2.2.15 cells were transiently trans
fected with 500 ng of short hairpin RNA (shRNA)
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formation (ATG9A) were tested. The mRNA expression
levels of these selected molecules were determined
at baseline and at 4 h post-culture in EBSS. There
were no significant differences at baseline (data not
shown). At 4 h post starvation, Beclin1 mRNA was
down regulated in HepG2.2.15 compared to THLE2
and HepG2 (P = 0.0213 and P = 0.0236, respectively)
(Figure 1A). No significant difference was observed
for ATG4B expression between HBV-transfected
HepG2.2.15 and HepG2, but it was significantly
increased in HepG2 and HepG2.2.15 compared with
THLE-2 (P = 0.0002 and P = 0.0007, respectively)
(Figure 1E). ATG9A mRNA expression was higher
in HepG2 and HepG2.2.15 compared to THLE2 but
significantly down regulated in HBV-transfected
HepG2.2.15 compared with HepG2 (P = 0.0013)
(Figure 1D). Only the mRNA expression of ATG5 and
ATG12 was significantly increased in HBV-transfected
HepG2.2.15 compared with HepG2 cells (P = 0.0027
(Figure 1B) and P = 0.0039 (Figure 1C), respectively).
The results of mRNA levels were confirmed by western
blot analysis. ATG5-ATG12 proteins were up regulated
in HBV-transfected HepG2.2.15 whereas ATG9A were
down regulated compared to HepG2 cells. There was
no difference in ATG4B protein expression between
HBV-transfected HepG2.2.15 and HepG2 (Figure 1F).
Next, we analyzed ATG5-ATG12 levels in tumor
tissues compared to adjacent non-tumor tissues from
HCC patients with or without HBV infection. In HBVassociated HCC tissues, ATG5-ATG12 protein levels
were increased in the majority of tumor liver tissues
compared to adjacent non-tumor tissues (9/10 sample
pairs) (Figure 2A and C). In non-HBV HCC, ATG5ATG12 protein levels were only increased in 3/8 tumor
liver tissue samples (Figure 2B and C). These results
suggested that ATG5-ATG12 proteins might have a
selective advantage in HBV-associated HCC compared
to non-HBV HCC.

after knockdown of its expression. Cells containing
plasmids with the greatest silencing efficiency
were subjected to western blot analysis for protein
expression. The transfection efficiency was estimated
by monitoring GFP expression under inverted fluo
rescence microscope (data not shown). The protein
level of ATG12 in transfected HepG2 and HepG2.2.15
cells was decreased compared with mock controls
(Figure 4A).

Effect of ATG12 knock down on cell apoptosis and cell
cycle progression

We investigated apoptosis and cell cycle progression
in HepG2.2.15 cells compare to HepG2 cells after the
silencing of ATG12. The percentage of apoptotic cells
was slightly increased (8.3%) in ATG12-silenced HepG2
but unchanged in HepG2.2.15 under normal conditions,
[5]
which is similar to what we have previously reported .
Under starvation conditions with EBSS, the percentage
of apoptotic cells increased 11.4% in ATG12-silenced
HepG2.2.15 but did not change in ATG12-silenced
HepG2 (Figure 4B). No significant changes in cell cycle
progression were observed in either cell line (Figure 5).
These results suggest that ATG5-ATG12 proteins are
important for the survival of HBV-associated HCC during
states of limited tumor nutrients.

Analysis of combination treatment using ATG12silencing and Notch inhibition

We recently reported that Notch signaling played a
role in cell cycle progression and apoptosis, particularly
[22]
in HBV-associated HCC . Because ATG12 was up
regulated in HepG2.2.15 compared to HepG2, and
plays a role in cell apoptosis, we assessed the effect of
ATG12 silencing in combination with a Notch inhibitor in
the HepG2.2.15 cell line. Gamma-secretase inhibitors,
also known as N-[N-(3,5-difluorophenacetyl)-L-alanyl]S-phenylglycine t-butyl ester; DAPT, is used to block
[23]
the Notch pathway . When using DAPT combined
with gene silencing of ATG12 under starvation
conditions, HepG2 cell apoptosis was increased from
38.5% to 48.3%, compared to DAPT treatment alone,
although there was no synergistic effect (Figure 6).
Interestingly, the combination blockade of DAPT
and ATG12 gave the opposite result by decreasing
the apoptosis rate in HepG2.2.15 from 55.6% to
50.4% (Figure 6). No significant changes in cell
cycle progression were observed for the combination
treatment of ATG12 siRNA and DAPT (Figure 7). These
results suggested that autophagy and Notch signaling
are independent from each other in HBV-expressing
cells compared to non-HBV HCC.
Finally, we analyzed ATG12 expression after
treatment with DAPT and detected cleaved Notch1
expression after silencing ATG12 genes at baseline.
ATG12 mRNA was decreased by DAPT treatment in
HepG2.2.15 (Figure 8A). Moreover, cleaved Notch1
was diminished in ATG12-silenced HepG2.2.15 under

Effect of HBx gene on autophagic gene expression

The X protein was shown to induce HBV replication
by increasing Beclin-1 transcription leading to the
[1]
induction of autophagy . In this study, we analyzed
the effect of HBx on Beclin-1 and on ATG12 by
transfection of HepG2 cells with the pGFP-HBx
plasmid. Then, we analyzed Beclin-1 and ATG12
mRNA expressions using quantitative real-time RTPCR. We found that Beclin-1 (P = 0.0027) (Figure 3A)
and ATG12 (P = 0.0139) (Figure 3B) mRNA expression
were significantly increased in HepG2-GFP-HBx
compared with HepG2-GFP after 48 h of transfection.
These results suggested that HBX plays a role in
ATG12 induction, either directly or indirectly through
Beclin1.

ATG12 gene silencing in HepG2 and HepG2.2.15

Next, we studied the functional role of the ATG12
autophagic gene by monitoring the biological effect
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Figure 1 Quantitative real-time reverse transcriptase-polymerase chain reaction analysis of Beclin-1 (A), ATG5 (B), ATG12 (C), ATG9A (D) and ATG4B (E)
mRNA in THLE-2, HepG2 and HepG2.2.15 cell lines at 4 h post-culture in EBSS. b-actin was used as an internal control. Data represent the mean and SE from
five independent experiments. Western blotting with specific antibodies was used to analyze ATG12, ATG9A and ATG4B protein expression in THLE-2, HepG2 and
HepG2.2.15 cells at 4 h post-culture in EBSS (F). GAPDH was used as a protein loading control.
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and HepG2-HBx transfected cell lines. b-actin was used as an internal control. Data represent the mean and SE from three independent experiments.
[29-32]

normal conditions (Figure 8B).

genes have autophagy independent functions
. In
this study, we focused on the ATG5-ATG12 complex
that was up regulated in HepG2.2.15 and were highly
expressed in HBV-associated HCC compared to nonHBV cell lines and HCC.
HBX appears to play a role in ATG12 induction,
probably indirectly through the stimulation of Beclin-1
[1,2]
and PIK3C3 . We showed that silencing of ATG12,
which represented the elimination of the ATG5-ATG12

DISCUSSION
Autophagy has been reported to be associated with
[13,15,24]
HBV and HCC
. However, the mechanism is still
poorly understood. Moreover, recent evidence suggests
that specific ATG genes might contribute differently to
[25-28]
viral infection and cancer development
. Some ATG
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Figure 4 Apoptosis assays of HepG2 and HepG2.2.15 cells transfected with shATG12 or shNeg (control). A: Suppression of ATG12 expression was done by
RNA interference. Western blotting was used to analyze ATG12 proteins from mock treatment (control) and ATG12 knockdown (shATG12) in HepG2 and HepG2.2.15
cells; B: GAPDH was used as a protein loading control. Cells were transiently transfected with shRNA plasmids for 72 h (normal) and then cultured in EBSS for 4
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complex, increased cell apoptosis under starvation
conditions in HepG2.2.15 but not in HepG2. These
results suggested that ATG5-ATG12 is important for
the survival of HBV-associated HCC during states of
limited tumor nutrients. A previous study by Mao et
[33]
al
showed that HepG2.2.15 cells have a higher
survival rate than HepG2 cells after culturing in a
starvation medium for 48 h. Cell death was reduced
through activation of the autophagy pathway.
However, our study did not show any significant
difference between the rate of cell death for HepG2
and HepG2.2.15 after starvation for 4 h. This might be
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explained by our shorter starvation time. The inhibition
of autophagy-induced liver cancer cell apoptosis
under starvation conditions was reported by Chang
[34]
et al
They showed that HepG2 and HuH6 induced
autophagy (Beclin-1, ATG5 and LC3B expression)
for cell survival under starvation conditions with
serum-free medium or chemotherapy. The inhibition
of autophagy via the silencing of autophagic genes
(Beclin-1 and ATG5) or 3-MA treatment induced
[34]
HuH6 cell apoptosis under starvation conditions .
[35]
A study by Liu et al
demonstrated that starvation
with serum-free medium for 48 h induced autophagy
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and apoptosis in 7702, HepG2, Hep3B and Huh7
cell lines; however, the inhibition of autophagy via
Bafilomycin A1 was not affected in HepG2 apoptosis
under starvation conditions similar to our result. These
results imply that targeting the inhibition of autophagy
might have different effects depending on the cell type
and various metabolic stress conditions present.
Although ATG12 has been demonstrated to have
pro-apoptotic activity through the ATG12-ATG3
[36]
conjugate , ATG12 also has anti-apoptotic activity.
In mammalian HeLa cells, disruption of autophagy by
silencing ATG12 promotes cells to die via apoptosis
[37]
under starvation conditions . ATG12 and other
autophagic proteins (LC3 and ATG5) are associated
with mitochondrial quality control of human umbilical
vein endothelial cells. ATG12, ATG5 and LC3B were
up-regulated after mitochondrial damage, leading
to increased anti-apoptotic effects and increased life
[38]
span in an in vitro aging model . The combination
of trastuzumab with silencing of ATG12 reduces cell
[39]
viability and tumor growth in nude mice . Therefore,
we suggest that the inhibition of ATG12 might be a
good target for the treatment of HBV-associated HCC.
Many cancer drug treatments increase tumor cell
autophagy to protect cancer cells from apoptosis.
Autophagy inhibitors in combination with chemotherapy
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are designed to induce apoptosis in human cancers.
For example, autophagy inhibition was previously
shown to enhance the growth inhibitory effects of
[40]
sorafenib
as well as the combination of vorinostat
[41]
with sorafenib in HCC cell lines . In this study, we
examined apoptosis cell death after the inhibition of
ATG12 in combination with Notch signaling in HepG2
and HepG2.2.15 cell lines. The combination treatment
increased cell apoptosis in HepG2 cells. However, when
we blocked both Notch signaling and ATG12 under
starvation conditions, cell apoptosis did not increase.
There appears to be some interaction between ATG12
and Notch signaling, specifically in HepG2.2.12, because
the Notch inhibitor DAPT caused the down-regulation
of ATG12 mRNA but this was not observed in HepG2.
In addition, the inhibition of ATG12 impaired Notch
activation in HepG2.2.15 but increased Notch activation
in HepG2.
This observation regarding the regulation between
autophagy and notch signaling in HepG2.2.15 was
unexpected. Both autophagy and Notch signaling are
highly conserved signaling pathways in eukaryotic
cells. The core Notch signaling pathway is through
the binding of Notch ligand to Notch receptor which
induces two proteolytic cleavages, metalloprotease
and g-secretase, to release the Notch intracellular
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domain, which translocates to the nucleus and
binds to DNA to regulate the transcription of target
[42]
genes . The Notch pathway is associated with both
[43,44]
tumor suppression and tumorigenesis in HCC
.
The connection of autophagy and Notch signaling
was demonstrated in Drosophila where the ATG4
mutation enhanced the notched-wing phenotype
[45]
resulting in defective Notch signaling . In contrast,
the overexpression of ATG1 enhanced the notched[46]
wing phenotype , suggesting that some autophagic
proteins have additional functions independent of
autophagy that are related to the enhancement or
suppression of Notch signaling.
Mammalian target of rapamycin (mTOR) is a posi
[47]
tive regulator of Notch signaling
and a negative
[48]
regulator of autophagy . Previous reports have shown
that silencing of Notch1 activated phosphorylated
Akt and decreased mTOR to induce glioblastoma cell
[49]
apoptosis . The inhibition of Notch signaling induced
autophagy via PTEN-PI3K/Akt/mTOR pathway to
[50]
promote the adipogenic differentiation of BM-MSCs .
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Other studies have demonstrated that autophagy
regulates Notch signaling by reducing the impact of
Notch1 on stem cell differentiation. The silencing of
autophagy (ATG7 or ATG16L1) induced Notch1 and
[51]
cleaved Notch1 in HEK cells .
The unexpected relationship between autophagy
and Notch signaling in HepG2.2.15 was different
from HepG2 and might be explained by the HBV
genome. The HBV X protein activates the NF-κB
pathway (p65 and p50) via Notch signaling through a
[52]
specific ligand and receptor to promote cell survival .
After treatment with DAPT, NF-κB expression was
[53]
decreased . Thus, the activation of NF-κB can either
stimulate or inhibit autophagy via the upregulation
[54]
of Beclin-1 in T-cells , whereas prolonged NF-κB
activation suppresses ATG5 and Beclin-1 expression
[55]
in macrophages . However, the connection between
HBV and Notch related autophagy needs further study.
In conclusion, our previous study demonstrated
the role of autophagy machinery in HBV replication.
We found that ATG12-knockdown reduced HBV DNA
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levels in HepG2.2.15 and induced the interferon
signaling pathway. Thus, the ATG12 machinery of
autophagy may aid HBV survival by reducing antiviral
[5]
innate immunity . Moreover, this study demonstrated
that autophagy is related to HBV-associated cell
death responses. Atg12 silenced HepG2.2.15 showed
increased apoptosis under starvation conditions. The
function of Atg12 seems to be dominated in HBVassociated HCC. These results suggested that ATG5ATG12 is important for the survival of HBV-associated
HCC during states of limited tumor nutrients. However,
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as mentioned previously that autophagy has a dualfunction in cancer. Despite its role as tumor promotion
in the later phase, it can act as a tumor suppressor
during cancer initiation. Therefore, the therapeutic
intervention that target autophagy has to take this
information into consideration too. Moreover, our
result showed that the use of autophagy inhibition in
combination with other anti-tumor therapies such as
Notch inhibitor, might not be a good strategy. Further
characterization of HBV and Notch related autophagy
is needed.
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Abstract
AIM
To introduce natural orifice transgastric endoscopic
surgery (NOTES) tube ileostomy using pelvis-directed
submucosal tunneling endoscopic gastrostomy and
endoscopic tube ileostomy.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Fujian
Provincial Tumor Hospital, Teaching Hospital of Fujian Medical
University (protocol number: 2014J01407, 2013-S-129-2,
C1503).

METHODS
Six live pigs (three each in the non-survival and
survival groups) were used. A double-channeled
therapeutic endoscope was introduced perorally into
the stomach. A gastrostomy was made using a 2-cm

Conflict-of-interest statement: To the best of our knowledge,
no conflict of interest exists.
Data sharing statement: No additional data are available.
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rectal cancer with a low extraperitoneal colorectal
[1,2]
anastomosis . With the development of surgery,
a defunctioning stoma, colostomy or ileostomy has
become a mainstay of proximal fecal diversion to
protect against primary colorectal anastomosis, and to
reduce the risk and lessen the severity of the sequelae
of anastomotic leakage, such as fecal peritonitis
and sepsis. However, established conventional
defunctioning stomas, including loop colostomy and
[3]
loop ileostomy, require a second surgical reversal ,
which may cause morbidity and even mortality.
Percutaneous tube ileostomy, which is achieved by
inserting a tube into the distal ileum through the
abdominal wall, has been reported as an alternative
that can achieve similar temporary fecal diversion,
ensuring greater comfort for the patient and easier
management, as well as avoiding the additional
surgical procedure required for the closure of a
[4]
conventional loop-ostomy .
Percutaneous tube ileostomy for anastomotic
protection is clinically performed by laparotomy or
laparoscopy. Natural orifice transluminal endoscopic
[5-8]
surgery (NOTES)
may be an alternative for the
execution of the tube ileostomy procedure, as this
method is less invasive and is associated with less
postoperative pain compared with the two former
methods. To date, there is no literature regarding
NOTES tube ileostomy. The aim of our study was
to demonstrate the feasibility and reproducibility
of a novel technique of percutaneous transgastric
endoscopic tube ileostomy using an Introducer Kit in a
porcine survival model.

transversal mucosal incision following the creation
of a 5-cm longitudinal pelvis-directed submucosal
tunnel. The pneumoperitoneum was established via
the endoscope. In the initial three operations of the
series, a laparoscope was transumbilically inserted
for guiding the tunnel direction, intraperitoneal
spatial orientation and distal ileum identification.
Endoscopic tube ileostomy was conducted by adopting
an introducer method and using a Percutaneous
Endoscopic Gastrostomy Catheter Kit equipped with
the Loop Fixture. The distal tip of the 15 Fr catheter
was placed toward the proximal limb of the ileum to
optimize intestinal content drainage. Finally, the tunnel
entrance of the gastrostomy was closed using nylon
endoloops with the aid of a twin grasper. The gross
and histopathological integrity of gastrostomy closure
and the abdominal wall-ileum stoma tract formation
were assessed 1 wk after the operation.
RESULTS
Transgastric endoscopic tube ileostomy was successful
in all six pigs, without major bleeding. The mean
operating time was 71 min (range: 60-110 min). There
were no intraoperative complications or hemodynamic
instability. The post-mortem, which was conducted
1-wk postoperatively, showed complete healing of the
gastrostomy and adequate stoma tract formation of
ileostomy.
CONCLUSION
Transgastric endoscopic tube ileostomy is technically
feasible and reproducible in an animal model, and this
technique is worthy of further improvement.
Key words: Natural orifice transluminal endoscopic
surgery; Tube ileostomy; Endoloop; Pigs; Submucosal
tunneling

MATERIALS AND METHODS
Animal model

Our study was performed on six healthy female
domestic pigs weighing between 15 and 20 kg, of
which three were enrolled in a non-survival group and
three in a 1-wk survival group. All animals were fasted
for 24 h prior to surgery. Induction of anesthesia
was achieved by intramuscular injection of 100 mg
ketamine, 10 mg droperidol and 1 mg atropine,
and maintenance of anesthesia was achieved by an
intravenous drip of propofol at a dose of 10 mL/h,
with endotracheal intubation. The heart rate and
oxygen saturation of each animal were monitored
during the operation. Animals were maintained in
a supine position to allow for optimal access and
peritoneal exploration. This study was approved by the
Institutional Animal Use and Care Committee of Fujian
Provincial Tumor Hospital, Teaching Hospital of Fujian
Medical University, Fuzhou, China.

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

Core tip: A novel technique, natural orifice transgastric
endoscopic surgery tube ileostomy, may be successfully
performed in a porcine survival model using pelvisdirected submucosal tunneling endoscopic gastrostomy,
followed by endoscopic tube ileostomy using an
Introducer Kit containing a loop fixture.
Shi H, Chen SY, Wang YG, Jiang SJ, Cai HL, Lin K, Xie ZF,
Dong FF. Percutaneous transgastric endoscopic tube ileostomy
in a porcine survival model. World J Gastroenterol 2016;
22(37): 8375-8381 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i37/8375.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i37.8375

NOTES tube ileostomy

Creation of the gastrostomy by directed
submucosal tunneling: A 2-cm transversal mucosal
incision was created near the gastroesophageal
junction with a dual knife (KD650L; Olympus, Tokyo,

INTRODUCTION
Anastomotic leakage is one of the major complications
that occurs after anterior resection of the rectum for
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A

B

C

Figure 1 Step-by-step procedure of pelvis-directed submucosal tunneling endoscopic gastrostomy. A: Gastric mucosal incision; B: Submucosal tunneling; C:
Seromuscular incision.

A

B

C

D

E

F

Figure 2 Step-by-step procedure of endoscopic tube ileostomy. A: Endoscopic identification of the distal ileum in the left lower quadrant; B: Endoscopic view of
a loop of the distal ileum on its anti-mesenteric side grasped and held to the anterior abdominal wall; C: Percutaneous terminal ileum puncture; D: Endoscopic view of
the distal ileum sutured to the abdominal wall with two stitches; E: Endoscopic view of the inflated balloon in the ileal lumen; F: Accomplished tube ileostomy.

Japan), followed by the creation of a 5-cm longitudinal
[9,10]
submucosal pelvis-directed tunnel
(Figure 1A-C).
The tunnel ended with a seromuscular incision, and
the exit site was selected at the greater curvature of
the stomach. A dual-channel therapeutic endoscope
(GIF2TQ260M; Olympus) was advanced into the
peritoneal cavity through the gastrostomy site. A
pelvis-directed tunnel (left lower quadrant abdomen)
was considered successful if the exit was in line with
the urinary bladder, or the body or left horn of the
uterus. The pneumoperitoneum was established
via the endoscope. In the initial three operations in
the non-survival group, transumbilical laparoscopic
visualization was used to guide tunnel direction

WJG|www.wjgnet.com

assessment, intraperitoneal spatial orientation, and
subsequent terminal ileum identification.
Creation of the ileostomy using the introducer
method: A 15 Fr rubber-coated silicone balloon
catheter (Cliny PEG Kit; Create Medic, Yokohama,
Japan) was used as the tube stoma (Figure 2A-F). The
optimal ileostomy site was determined by depressing
the left lower abdominal wall with a finger until the
tip of the finger was visible intraperitoneally under
endoscopic visualization. The pneumoperitoneum was
decompressed to bring the distal ileum closer to the
parietal peritoneum. After being grasped and held
toward the needle, which had penetrated through the
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Euthanasia and necropsy

Euthanasia was performed immediately in the nonsurvival group and 1 wk after the procedure in the
survival group. Necropsy results, including injury
to adjacent organs, vascular bleeding, gross and
histopathological evaluation of gastrostomy closure
and stoma tract formation of ileostomy, were recorded.
Both the healing and formation processes were
classified into three phases: inflammatory, proliferative,
and remodeling. The inflammatory phase (first) was
characterized by accumulation of polymorphonuclear
neutrophils and vasodilation; the proliferation phase
(second) was characterized by accumulation of
macrophages and fibroblasts, angiogenesis, and
collagen deposition; and the remodeling phase (third)
was characterized by rearrangement of collagen fibers.
The microscopic factors of the aforementioned phases
were assessed using a semi-quantitative scoring
method of 0-3 points, where 0 = absence, 1 = a little,
[11]
2 = moderate, and 3 = abundant .

Figure 3 An endoscopic view of gastrostomy closure with endoloop
ligation.

anterior abdominal wall, the antimesenteric side of
the distal ileum was punctured using a double-lumen
loop fixture device under laparoscopic or endoscopic
guidance. Two stitches were placed about 2-3 cm
apart. An abdominal wall incision was made between
the two suture points, and a trocar with a plastic
“T” peel-away sheath was introduced into the ileum
through the incision site. After removal of the trocar, a
15 Fr catheter was introduced into the plastic sheath.
The distal tip of the 15 Fr catheter was placed toward
the proximal limb of the ileum to optimize intestinal
content drainage. The balloon at the tip of the catheter
was inflated with 5 mL sterile water, and the catheter
was pulled until the appropriate approximation of the
balloon to the abdominal wall was achieved. The peelaway sheath was then removed, and the retaining
plate was positioned.

Animal care and use statement

The animal protocol was designed to minimize pain or
discomfort to the animals. All animals were killed by
barbiturate overdose (intravenous injection, 150 mg/
kg pentobarbital sodium) for tissue collection.

RESULTS
Transgastric endoscopic tube ileostomy was success
fully performed in all six pigs, without major bleeding.
The mean operating time was 71 min (range: 60-110
min). There were no intraoperative complications or
hemodynamic instability.
In the non-survival group, the post-mortem showed
secure closure of the gastrostomy created by submu
cosal tunneling and immediate patency of the ileostomy.
Neither gastrostomy nor ileostomy leakage were
identiﬁed on methylene blue evaluation.
In the survival group, emission of both transileostomy and trans-anal feces were observed. At
necropsy, all three gastrostomy sites had completely
healed (Figure 4A and B), the tubes were kept patent,
and their corresponding ileostomy sites were intact,
without evidence of serious infection or significant
leakage, as determined by gross assessment. Formation
of granulation tissue was observed around the central
stoma tract (Figure 5A and B). On postoperative day 7,
both the gastrostomy and ileostomy were classified as
being in the proliferation phase (Table 1).

Closure of the gastrostomy: The pneumoperitoneum
was evacuated endoscopically, and the dual-channel
therapeutic endoscope was withdrawn into the stomach
through the gastrostomy site (Figure 3). An endoloop,
followed by the twin grasper, was inserted into the
gastric cavity through one of the two channels and
placed at the gastrostomy side. The gastric tissues
adjacent to the mucosal defect were clamped with
the twin grasper and dragged into the transparent
cap previously mounted on the tip of the endoscope,
followed by fully aspirated into the transparent cap, and
the bilateral gastric mucosal layers were approximated
by tightening the endoloop. If the defect closure was
incomplete, more endoloops were used to close the
remaining portions. Two or three endoloops were placed
to secure the closure.

Postoperative care

DISCUSSION

At 48 h after the procedure, the animals were fed a
liquid oral diet for 2 d, followed by a semi-fluid diet
for 3 d. Irrigation was performed once daily to keep
the tube patent. The animals were monitored for food
intake, defecation, infection and other postoperative
complications for 1 wk.

WJG|www.wjgnet.com

To the best of our knowledge, this is the first study
addressing NOTES tube ileostomy in a porcine
survival model. Safe peritoneal access and secure
closure of the access site during NOTES remain
significant concerns and must be addressed before
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A

B

Figure 4 Gross and histopathological evaluation of gastrostomy closure 1 wk after natural orifice transgastric endoscopic surgery. A: Gross examination
showing complete healing of gastrostomy; B: Histopathological examination showing complete healing of gastrostomy.

A

B

Figure 5 Gross and histopathological evaluation of stoma tract formation of the ileostomy 1 wk after natural orifice transgastric endoscopic surgery. A:
Gross examination showing adequate stoma tract formation of ileostomy; B: Histopathological examination showing adequate stoma tract formation of ileostomy.
[10]

without the need for endoscopic retroflexion .
As has been reported, the closure of the gastric
mucosal incision site with conventional endoscopic clips
[9,10]
was easy and secure
. In the current study, a novel
[12,13]
technique of endoloop ligation
, in combination
with the dedicated twin grasper, was introduced to
facilitate endoscopic closure of the tunnel entrance to
the stomach. The Ovesco twin grasper has two jaws
that can open and close separately to approximate
[14,15]
defect edges
. Histopathological examination
showed satisfactory healing of the submucosal tunnel,
thus proving that gastric closure with endoloops is
both simple and reliable.
With regards to using tube ileostomy as a diversion
procedure, there has been a re-emergence of interest
in the use of tube ileostomy to de-function a distal
colorectal anastomosis. A systematic review and
pooled analysis of seven studies comparing tube with
loop ileostomy showed no significant difference in
[1]
anastomotic leak rate . Tube ileostomy is an alternate
diversion procedure that has few complications
and is easy to construct and manage compared to
conventional loop ileostomy. This procedure can divert
the bowel contents and avoid the need for a second
[16-22]
operation and its related complications
.
Clinically, there are two methods for placing the

Table 1 Summary of procedures and outcomes following
creation of natural orifice transgastric endoscopic surgery
tube ileostomy in three surviving pigs
Observation parameters
Time required to create gastrostomy (min)
Time required to create tube ileostomy (min)
Time required to close gastrostomy (min)
Complications
Major bleeding
Anastomotic leak
Necropsy on postoperative day 7
Integrity of gastrostomy closure
Stoma tract formation of the ileostomy

Pig 1

Pig 2

Pig 3

26
33
5

21
31
11

24
29
7

-

-

-

The proliferation phase
The proliferation phase

its introduction into clinical practice. In our study, the
pelvis-directed submucosal tunneling technique was
applied to achieve transgastric peritoneal access.
Under direct visualization, blood vessels can be clearly
identified and precisely coagulated in the submucosal
tunnel. Moreover, compared with a direct full-thickness
incision, a seromuscular incision may minimize
inadvertent injury because the adjacent organs can
be visualized through the thin seromuscular layer of
the stomach. Furthermore, a designed submucosal
tunnel enables in-line endoscope positioning toward
predetermined left lower abdominal target locations,
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endoscopic tube ileostomy using an Introducer Kit for temporary fecal diversion.

tube. One is the transcecal approach, which after
anastomosis, an appendectomy or cecostomy is
performed, allowing the introduction of the tube into
the cecal cavity and then into the terminal ileum via
the ileocecal valve. The other method is to place the
tube directly into the terminal ileum. In our study, the
introducer method via the distal ileum approach was
[23-29]
similar to gastropexy
. The only difference was
that, in our study, the antimesenteric side of the distal
ileum was sutured to the lower anterior abdominal
wall, while gastropexy was achieved by suturing
the anterior gastric wall to the anterior abdominal
wall before PEG-catheter insertion. Gastropexy may
prevent stomal leakage and subsequent peritoni
tis secondary to early inadvertent percutaneous
gastrostomy dislodgement. Similarly, suturing the
ileum to the abdominal wall may reduce the risk of
peristomal cellulitis before stoma tract maturation.
Adhesion of the ileum to the abdominal wall was
achieved by placement of two stitches using a doublelumen loop fixture device around a target abdominal
stoma site, which has not been previously reported.
The maturation of the stoma tract is critical to
percutaneous gastrostomy, and this principle also
applies to percutaneous tube ileostomy. Our study
showed that the time required for stoma tract
formation was about 1 wk after ileostomy, thus
providing a safe timeframe for tube removal. Similar
results were obtained in human studies, in which the
exact timing of tube removal ranged from 7 d to > 3
[1,30]
wk postoperatively
.
In conclusion, this novel technique for performing
tube ileostomy exclusively by NOTES is technically
feasible and reproducible in an animal model and is
worthy of further improvement.

Terminology

A novel NOTES tube ileostomy is performed using pelvis-directed submucosal
tunneling endoscopic gastrostomy, following by endoscopic tube ileostomy
using the introducer method.

Peer-review

This is an interesting study about the percutaneous transgastric endoscopic
tube ileostomy using an Introducer Kit in a porcine survival model. The study is
well designed and the results are good discussed.
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Abstract
AIM
To investigate the efficacy and safety of emergency
endoscopic retrograde cholangiopancreatography (ERCP)
in elderly patients with acute cholangitis.

Informed consent statement: All patients involved in this
study gave their written informed consent about disclosure of
their protected medical information.

METHODS
From June 2008 to May 2016, emergency ERCPs
were performed in 207 cases of acute cholangitis
at our institution. Patients were classified as elderly
if they were aged 80 years and older (n = 102);
controls were under the age of 80 years (n = 105).
The patients’ medical records were retrospectively
reviewed for comorbidities, laboratory data, etiology of
cholangitis (presence of biliary stones, biliary stricture
and malignancy), details of the ERCP (therapeutic
approaches, technical success rates, procedure
duration), ERCP-related complications and mortality.
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RESULTS
The frequency of comorbidities was higher in the
elderly group than the control group (91.2% vs
67.6%). Periampullary diverticulum was observed
in the elderly group at a higher frequency than the
control group (24.5% vs 13.3%). Between the groups,
there was no significant difference in the technical
success rates (95.1% vs 95.2%) or endoscopic
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management of elderly patients with acute cholangitis
presents certain risks for endoscopists. These risks are
attributable not only to acute cholangitis itself but also
to the risks associated with the overall health of the
patient and their concomitant medical disorders. The
general state of a patient’s health plays an important
role in determining the outcome of any invasive
treatments. However, in cases of acute cholangitis,
interventional ERCP is often required as an emergency
procedure, so it is difficult to evaluate the patient’s
overall clinical condition before the procedure. Because
of various risks, there is a tendency for patients, family
members and even physicians to adopt a conservative
approach and avoid therapeutic ERCP for these cases.
Because few studies have focused on the outcomes
of emergency ERCP in elderly patients with acute
[22]
cholangitis , we retrospectively evaluated the safety
and efficacy of emergency ERCP for patients aged 80
years and older who presented with acute cholangitis.

procedure durations. With regard to the frequency of
ERCP-related complications, there was no significant
difference between the two groups (6.9% vs 6.7%),
except for a lower rate of post-ERCP pancreatitis in
the elderly group than in the control group (1.0% vs
3.8%). Neither angiographic nor surgical intervention
was required in any of the cases with ERCP-related
complications. There was no mortality during the
observational periods.
CONCLUSION
Emergency ERCP for acute cholangitis can be performed
safely even in elderly patients aged 80 years and older.
Key words: Acute cholangitis; Endoscopic retrograde
cholangiopancreatography; Complication; Comorbidity;
Elderly
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We retrospectively evaluated the efficacy
and safety of emergency endoscopic retrograde
cholangiopancreatography (ERCP) in elderly patients
with acute cholangitis. Patients who have undergone
emergency ERCPs were classified as elderly group aged
80 years and older (n = 102) or controls under the age
of 80 years (n = 105). The frequency of comorbidities
was higher in the elderly group than the control
group. However, there was no significant difference
in the technical success rates, endoscopic procedure
durations and ERCP-related complications between
the two groups. There was no mortality during the
observational periods. Emergency ERCP for acute
cholangitis can be performed safely even in elderly
patients.

MATERIALS AND METHODS
Study design

This was a retrospective review of patients with acute
cholangitis at a single hospital. From June 2008 to May
2016, 207 cases of emergency ERCP were performed
for acute cholangitis at our institution. Of these, 102
patients who were 80 years of age or above were
classified into the elderly group, while 105 patients
who were below the age of 80 years were classified
as the control group. After obtaining ethical approval
from the Institutional Review Board at our hospital, we
conducted a retrospective review of medical records
of patients who underwent emergency ERCP for acute
cholangitis. Demographic characteristics, medical
history (specifically comorbidities), clinical features,
laboratory data, ERCP findings (i.e., periampullary
diverticulum, presence of biliary stones, benign biliary
stricture and malignant obstruction), details of ERCP
procedures (i.e., therapeutic approaches, technical
success rates, procedure duration), ERCP-related
complications and mortality were evaluated. All of the
patients involved in this study underwent emergency
ERCP within 24 h of admission.

Tohda G, Ohtani M, Dochin M. Efficacy and safety of
emergency endoscopic retrograde cholangiopancreatography
for acute cholangitis in the elderly. World J Gastroenterol 2016;
22(37): 8382-8388 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i37/8382.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i37.8382

INTRODUCTION

Definition

Acute cholangitis was diagnosed as clinical symptoms
characterized by a fever, jaundice, and abdominal pain
that thought to be a result of cholestasis and bacterial
infection in the biliary tract. Laboratory data indicative
of the presence of inflammation (e.g., leukocytosis),
biliary obstruction (e.g., hyperbilirubinemia, ele
vation of biliary and liver enzymes), and imaging
findings supporting the evidence of inflammation
and biliary obstruction were also used for a more
accurate diagnosis of acute cholangitis. Severity of
acute cholangitis can range from mild to serious lifethreatening levels. We classified acute cholangitis

With the increase in life expectancy, pancreatic and
biliary diseases have become common problems
in the elderly. Endoscopic retrograde cholangiopan
creatography (ERCP) has been established as an
alternative treatment to surgery for patients with high
[1]
operative risk . However, ERCP also has higher rates
of adverse events compared with the other types of
[2]
gastrointestinal endoscopic procedures . Complications
of ERCP include pancreatitis, hemorrhage, perforation,
[3]
cholangitis and cardiorespiratory problems . Although
previous studies have shown that ERCP can be
[4-24]
safe and well tolerated even in the elderly
, the
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Endoscopic procedure

Table 1 Clinical characteristics and laboratory data of enrolled
patients

Age (yr)
Sex
Male
Female
Fever (centigrade)
WBC (103/L)
Platelet (103/L)
Albumin (g/dL)
Bilirubin (mg/dL)
AST (U/L)
ALT (U/L)
ALP (U/L)
γ-GTP (U/L)
ASA
Class 2
Class 3
Class 4

Before performing ERCP, informed consent was
obtained from each patient and/or caregiver. All en
doscopic procedures were performed by experienced
endoscopists who had performed more than 500
cases of therapeutic ERCP with more than 15 years of
experience. Moderate sedation was administered by
gastroenterologists by giving intravenous injections
of midazolam and pethidine hydrochloride. All of
the patients underwent continuous monitoring by
electrocardiogram and pulse oximetry and received 2
L/min of oxygen through a nasal cannula throughout
the endoscopic procedure. During the procedure, the
following events were considered cardiorespiratory
suppression associated with sedation: (1) a decline
in SpO2 to less than 90%; (2) heart rate less than 45
beats per min; or (3) systolic blood pressure below 80
mmHg. In case of EST, an electrosurgical generator
with an automatic controlled cutout system (Endocut
mode) was used. Plastic type biliary stents (7 Fr
diameter) were routinely used for biliary drainage
during the initial ERCP. To remove residual biliary
stones, follow up ERCP was performed depending on
each patient’s specific needs and medical condition.

P value

Age ≥ 80 yr

Age < 80 yr

(n = 102)

(n = 105)

85 (81-92)

67 (58-75)

< 0.05

41 (40.2)
61 (59.8)
39.0 (38.5-39.3)
12.8 (10.4-15.2)
132 (105-180)
2.9 (2.6-3.3)
4.3 (3.1-6.0)
229 (150-418)
195 (128-277)
798 (576-1154)
336 (256-451)

62 (59.0)
43 (41.0)
38.9 (38.7-39.4)
12.5 (10.7-14.6)
171 (130-231)
3.6 (3.4-4.0)
4.2 (2.8-6.7)
182 (141-256)
197 (144-303)
811 (510-1175)
350 (249-548)

< 0.05

34 (33.3)
67 (65.7)
1 (1.0)

59 (56.2)
45 (42.9)
1 (1.0)

< 0.05

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

Continuous variables are expressed as median (interquartile range; IQR),
categorical variables are expressed as n (%). WBC: White blood cells;
AST: Aspartate transaminase; ALT: Alanine transaminase; ALP: Alkaline
phosphatase; γ-GTP: γ-glutamyl transpeptidase; ASA: American Society of
Anesthesiology; NS: Not significant.

Statistical analysis

into three grades; mild (grade Ⅰ), moderate (grade
Ⅱ ), and severe (grade Ⅲ ), in accordance with the
[25]
Tokyo Guidelines , which have since been widely
used all over the world as the diagnostic criteria
and a severity assessment of acute cholangitis. We
performed emergency endoscopic biliary drainage in
cases of severe acute cholangitis with at least one of
the following conditions: either (1) shock; (2) mental
confusion; or (3) a coagulation defect that was not
attributable to the use of anticoagulants.
The presence of comorbidity was defined as the
presence of one or more of the following conditions;
hypertension, ischemic heart disease, chronic heart
failure, arrhythmia, cerebrovascular disease, diabetes
mellitus, chronic liver disease, chronic pulmonary
disease, chronic renal failure, or malignancy. ERCPrelated complications were defined according to the
[3]
previously published criteria . Bleeding after endoscopic
sphincterotomy (EST) was classified into two types: (1)
minor bleeding, defined as controllable by endoscopic
hemostasis and no need for blood transfusion; or (2)
major bleeding, defined as bleeding requiring a blood
transfusion and/or angiographic or surgical intervention
to control the hemorrhage. Post-ERCP pancreatitis was
defined as abdominal pain with a concurrent rise in the
serum amylase level after the endoscopic procedure.
The primary aim of this study was to evaluate the
safety and efficacy of emergency ERCP in patients with
acute cholangitis. Therefore, we reviewed the data on
these patients over a period of 30 d post-admission.
Technical success of interventional ERCP was defined as
the achievement of endoscopic biliary drainage with or
without stone removal.

WJG|www.wjgnet.com

We have confirmed that the sample size of each
group in this study is sufficient in size to make a
definite conclusion using power calculations. Various
parameters were compared between the elderly and
control groups. Continuous variables with normal
distributions were compared by the two-sample t-test.
The Mann-Whitney U test was used for the comparison
of continuous variables with skewed distributions. The
χ 2 test or Fisher’s exact test was used for categorical
variables as appropriate. P values of 0.05 or less were
considered statistically significant. All statistical analyses
[26]
were performed using the EZR
(Saitama Medical
Center, Jichi Medical University, Saitama, Japan, version
1.32), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria).
More precisely, it is a modified version of R commander
that was designed to add statistical functions frequently
used in biostatistics.

RESULTS
The clinical data of the patients involved in this study
are presented in Table 1. Between the elderly and
control groups, patients in the elderly group showed a
significantly lower level of serum albumin and platelet,
a higher level of aspartate transaminase (AST), and
a higher stage of American Society of Anesthesiology
(ASA) classification. With regard to the presence
of comorbidities (Table 2), the elderly group had
a significantly higher prevalence of hypertension,
ischemic heart disease, cerebrovascular disease,
dementia, chronic obstructive pulmonary disease,
and malignancy other than a primary biliary and
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Table 2 Comorbidities of patients with acute cholangitis n (%)

Comorbidity
Hypertension
Ischemic heart disease
Chronic heart failure
Arrhythmia
Cerebrovascular disease
Dementia
Diabetes mellitus
Chronic liver disease
Liver cirrhosis
COPD/Asthma
Chronic renal failure
Malignancy1
Periampullary diverticulum

Age ≥ 80 yr

Age < 80 yr

(n = 102)

(n = 105)

93 (91.2)
80 (78.4)
40 (39.2)
8 (7.8)
17 (16.7)
30 (29.4)
23 (22.5)
21 (20.6)
9 (8.8)
3 (2.9)
15 (14.7)
5 (4.9)
8 (7.8)
25 (24.5)

71 (67.6)
53 (50.5)
18 (17.1)
6 (5.7)
14 (13.3)
10 (9.5)
4 (3.8)
19 (18.1)
8 (7.6)
3 (2.9)
7 (6.7)
4 (3.8)
3 (2.9)
14 (13.3)

Table 4 Procedural details of endoscopic retrograde cholangi
opancreatography n (%)

P value
< 0.05
< 0.05
< 0.05
NS
NS
< 0.05
< 0.05
NS
NS
NS
< 0.05
NS
< 0.05
< 0.05

Details of the procedure
Biliary stent insertion
Endoscopic
sphincterotomy
Complete stone removal
Technical success3
Procedures time (min),
mean ± SD
Failed cannulation

Malignancy other than a primary biliary and pancreatic lesion. COPD:
Chronic obstructive pulmonary disease; NS: Not significant.

CBD stone
Gallstone cholecystitis
Pancreatitis
Malignant obstruction
Pancreatic cancer
Biliary cancer
GB cancer
Other cause1
Benign stricture

(n = 102)

(n = 105)

65 (63.7)
2 (2.0)
1 (1.0)
31 (30.4)
4 (3.9)
21 (20.6)
3 (2.9)
3 (2.9)
3 (2.9)

72 (68.6)
4 (3.8)
2 (1.9)
23 (21.9)
5 (4.8)
11 (10.5)
4 (3.8)
3 (2.9)
4 (3.8)

97 (95.1)
69 (67.6)

100 (95.2)
87 (82.9)

NS
< 0.05

53/651 (81.5)
97 (95.1)
37.6 ± 8.1

67/722 (93.1)
100 (95.2)
40.1 ± 7.7

< 0.05
NS
NS

5 (4.9)

5 (4.8)

NS

Age ≥ 80 yr Age < 80 yr

P value
Total
Bleeding after EST
Post-ERCP pancreatitis
Aggravation of cholangitis
Aspiration pneumonia
Mortality

NS
NS
NS
< 0.05
NS
< 0.05
NS
NS
NS

(n = 102)

(n = 105)

7 (6.9)
3 (2.9)
1 (1.0)
2 (2.0)
1 (1.0)
0

7 (6.7)
2 (1.9)
4 (3.8)
1 (1.0)
1 (1.0)
0

P value
NS
NS
< 0.05
NS
NS
NA

ERCP: Endoscopic retrograde cholangiopancreatography; EST: Endoscopic
sphincterotomy; NS: Not significant; NA: Not available.

1

Biliary obstruction caused by metastatic lymph node(s). CBD: Common
bile duct; GB: Gall bladder; NS: Not significant.

6.9% in the elderly group, while it was 6.7% in the
control group (Table 5). There was no significant
difference between the two groups, except for a
lower rate of post-ERCP pancreatitis in the elderly
group. All cases of bleeding from the EST site were
mild, and neither blood transfusion nor angiographic/
surgical intervention was required in any of the
reviewed cases. In this study, all of the ERCP-related
complications were mild and none of the patients
required surgical intervention. During the procedures,
a few cases of cardiorespiratory suppression related
to sedation were observed (Table 6). All patients
with hypoxemia responded immediately to an in
crease in concentration of administered oxygen (5
L/min). Hypotension and bradycardia were also
corrected immediately using intravenous saline
solution or atropine injections. Finally, no patient
required mask ventilation, endotracheal intubation,
or any resuscitative treatment. The frequency of
cardiorespiratory suppression during the procedures
was similar between the elderly and control groups.
Transient aggravation of cholangitis was observed
in 3 cases of patients who underwent endoscopic
biliary drainage. However, these patients gradually
recovered after the endoscopic procedure. Ten patients
with unsuccessful endoscopic biliary drainage received

pancreatic lesion. Periampullary diverticulum was also
highly observed in the elderly group. The etiology of
each case of acute cholangitis is shown in Table 3.
In both groups, common bile stones were the most
frequent etiology of acute cholangitis. The frequency
of malignant obstruction was significantly higher in the
elderly group than the control group.
Procedural details of the therapeutic ERCPs are
described in Table 4. Endoscopic biliary drainage by
insertion of a biliary stent was successful in 95.1%
of elderly patients and 95.2% of control patients.
Between the groups, there was no significant
difference in the endoscopic procedure durations.
Second ERCPs were performed approximately 1 wk
after the initial ERCP in 87.3% (89 out of 102 cases)
of elderly patients and 97.1% (102 out of 105 cases)
of control patients. EST was carried out in 67.6% of
the elderly group and 82.9% of the control group. For
cases with a prior intake of Warfarin, vitamin K was
given to the patients before EST. Complete clearance
of biliary stones was achieved in 81.5% of the elderly
group and in 93.1% of the control group.
The frequency of ERCP-related complications was

WJG|www.wjgnet.com

(n = 105)

Table 5 Endoscopic retrograde cholangiopancreatographyrelated complications n (%)

Table 3 Etiology of acute cholangitis n (%)
Age < 80 yr

Age < 80 yr

(n = 102)

Number of patients with biliary stones in the elderly1 and in the control2
groups, 3technical success is defined as an endoscopic biliary drainage at
an initial ERCP. ERCP: Endoscopic retrograde cholangiopancreatography;
NS: Not significant.

1

Age ≥ 80 yr

P value

Age ≥ 80 yr
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first procedure is desirable for patients. However,
such an interventional approach is not feasible in all
cases, often due to severe biliary infection and/or
coagulopathy. In this study, biliary drainage by stent
insertion with or without EST was performed as an
initial treatment, and repeat ERCPs for the extraction
of residual biliary stones were considered as indicated
when the patients’ clinical conditions were improved.
As a result, the ERCP-related complication rate in our
study was comparable with that of previous studies,
even in elderly patients with serious condition by acute
cholangitis.
Several studies have shown that there is no rela
tionship between coexisting medical conditions and
[27]
ERCP-related complications , except for cases
[28]
with underlying liver cirrhosis . Other studies have
reported that an elderly age with concomitant medical
illness is associated with a higher mortality in cases
[29]
of acute cholangitis . In this study, complication
rates of ERCP in the elderly group was similar to
[4-24]
those of previous reports
, and there was no
relationship between comorbidities and ERCP-related
complications. It has also been reported that the
risk of sedation-related adverse events during ERCP
[6,7]
increases in the elderly . However, our study showed
that there was no difference in the frequency of
cardiorespiratory suppression between the elderly and
control groups because we use fewer sedative agents
with lower initial and cumulative doses in the elderly
groups.
In our institution, all cases of emergency ERCP were
carried out by two endoscopists who had previously
performed more than 500 cases of therapeutic ERCPs.
During the study period, which spanned 8 years,
endoscopists used different types of ERCP devices.
However, we believe that a bias caused by endoscopic
accessories, including a catheter and guidewire,
would be negligibly small. Before reviewing the data
retrospectively, we estimated that technical success rate
of ERCP in the elderly population would be less than
that in younger patients due to anatomical factors, such
as the presence of periampullary diverticulum and/or
difficult bile duct stones with impaction. However, there
was no statistically differences in the technical success
rate of ERCP between the elderly and control groups.
In conclusion, emergency ERCP for acute cho
langitis is a safe and effective procedure in elderly
patients over 80 years of age. Advanced age is not
a contraindication to ERCP, even in cases with acute
cholangitis. To perform urgent ERCP safely in these
cases, informed consent, adequate monitoring during
the procedure, prompt detection and management of
ERCP-related complications are crucial. We believe that
our study can be informative in deciding whether ERCP
is the best treatment in elderly patients with acute
cholangitis. These results can be utilized in discussions
with patients and their families through the informed
consent process. The primary aim of this study was to
evaluate the outcomes of emergency ERCP for elderly

Table 6 Cardiorespiratory suppression during endoscopic
retrograde cholangiopancreatography under moderate
sedation n (%)

Total
Hypoxemia
Bradycardia
Hypotension

Age ≥ 80 yr

Age < 80 yr

(n = 102)

(n = 105)

9 (8.8)
2 (2.0)
4 (3.9)
5 (4.9)

8 (7.6)
2 (1.9)
4 (3.8)
4 (3.8)

P value
NS
NS
NS
NS

Hypoxemia: Peripheral oxygen saturation (SpO2) below 90%; Brady
cardia: Heart rate less than 45 beats per minutes; Hypotension: Systolic
blood pressure below 80 mmHg; ERCP: Endoscopic retrograde cholangio
pancreatography; NS: Not significant.

percutaneous transhepatic biliary drainage (PTCD) as
an alternative treatment. Finally, all cases with septic
condition by severe acute cholangitis achieved source
control via endoscopic biliary drainage (n = 197) or
PTCD (n = 10), and procedure-related mortality was
not observed in either group. The median duration of
hospitalization periods was significantly longer in the
elderly group than in the control group (20 d vs 15 d)
because many elderly patients required rehabilitation
periods for improvement of their overall health and
other conditions.

DISCUSSION
With the progressive increase in the elderly population,
the frequency of pancreatic and biliary diseases has
increased. Among this population, bile duct stones
often cause clinical problems, such as acute cholangitis.
Because of the increasing degree of morbidity that
accompanies the aging process, urgent treatments
are required for elderly patients with severe infectious
conditions. Elderly patients with acute cholangitis are
sometimes critically ill, so emergency interventions
are necessary. However, physicians and patients’
family members tend to be reluctant to consent to
surgical treatments because elderly patients can be
at a higher risk of developing complications from
surgical procedures. ERCP is an established procedure
for pancreatic and biliary diseases. With a rise in life
expectancy, the demand for ERCP in the elderly has
been increasing. It has been reported that the rates of
ERCP-related complications or mortality in the elderly
[4-24]
are comparable with those of younger patients
, but
there are few reports of emergency ERCP for elderly
[22]
patients with acute cholangitis . The primary aim of
this study was to evaluate the outcomes of emergency
ERCP in the elderly with acute cholangitis.
In this study, we performed aggressive endoscopic
approaches for elderly patients with acute cholangitis.
They received urgent biliary drainage by an endoscopic
biliary stent insertion, and the removal of bile duct
stones with EST was considered in accordance with
the patients’ general conditions. Biliary drainage
with complete stone removal at the time of the

WJG|www.wjgnet.com

8386

October 7, 2016|Volume 22|Issue 37|

Tohda G et al . Emergency ERCP for severe acute cholangitis
patients with acute cholangitis. Therefore, all patient
data were reviewed for short observational periods of
30 d. Due to this limitation, the low complication rates
observed in this study may not hold true because
patients could have had more late complications that
were not captured in our study. Prospective studies
with long-term follow-up periods will be required to
confirm the efficacy and safety of emergency ERCP in
elderly patients with acute cholangitis.

4

5

6
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7

Previous studies have shown that endoscopic retrograde cholangiopancrea
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Our results suggest that tumors from approximately
one-third of the ESCC patients are positive for PD-L1
expression, and PD-L1 expression is positively correlated
with c-Met expression. Although PD-L1 positivity was not
found to be associated with survival of ESCC patients,
we show that it may play a critical role in distant failure
and progression of ESCC.
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Abstract
AIM
To investigate the expression and prognostic role of
programmed death ligand-1 (PD-L1) in locally advanced
esophageal squamous cell carcinoma (ESCC).

Kim R, Keam B, Kwon D, Ock CY, Kim M, Kim TM, Kim
HJ, Jeon YK, Park IK, Kang CH, Kim DW, Kim YT, Heo DS.
Programmed death ligand-1 expression and its prognostic role
in esophageal squamous cell carcinoma. World J Gastroenterol
2016; 22(37): 8389-8397 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i37/8389.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i37.8389

METHODS
A total of 200 patients with ESCC who underwent
radical esophagectomy with standard lymphadenectomy
as the initial definitive treatment in Seoul National
University Hospital from December 2000 to April 2013
were eligible for this analysis. Tissue microarrays were
constructed by collecting tissue cores from surgical
specimens, and immunostained with antibodies directed
against PD-L1, p16, and c-Met. Medical records were
reviewed retrospectively to assess clinical outcomes.
Patients were divided into two groups by PD-L1
status, and significant differences in clinicopathologic
characteristics between the two groups were assessed.

INTRODUCTION
Esophageal cancer is one of the most common gas
trointestinal malignancies and is highly prevalent in
Asia. Esophageal squamous cell carcinoma (ESCC)
represents the most common histological type of
esophageal cancer, accounting for more than 90%
[1]
of all cases in Asian patients . Although the 5-year
survival rate for patients with ESCC has improved in
recent decades, the prognosis remains unfavorable
due to the invasive nature of the disease and the
[2]
frequency of late diagnosis .
An improved understanding of immunobiology has
uncovered the interaction between programmed death
ligand-1 (PD-L1) and programmed death 1 (PD-1)
as one of mechanisms by which cancer cells evade
immune surveillance. PD-1 is a negative co-stimulatory
factor that inhibits T cell activation when activated by
[3,4]
PD-L1 or one of its other ligands , PD-L1 is a cell
surface glycoprotein that belongs to the B7 family and
is expressed not only on normal cells, such as T cells,
B cells, monocytes, macrophages, and dendritic cells,
[4-7]
but also on cancer cells . The PD-L1/PD-1 interaction
has been found to be associated with poor prognosis
and clinical outcomes in various cancers such as nonsmall cell lung cancer, breast cancer, gastric cancer,
[8]
soft tissue sarcomas and meningioma ; however,
its prognostic value is still controversial. Immune
checkpoint-blocking agents directed at this interaction
have been clinically successful and have been shown
to produce a durable clinical response in esophageal
[9]
cancer patients .
Considering the clinical importance of PD-L1, there
is great interest in understanding the mechanisms that
regulate its expression. PD-L1 upregulation has been
reported in human papilloma virus (HPV)-associated
malignancies, including uterine, cervical, and head
[10-12]
and neck cancers
. PD-L1 expression may be
associated with HPV infection, which represents one of
[13]
the potential causes of ESCC . Furthermore, c-Met,
a receptor tyrosine kinase that is aberrantly activated

RESULTS
Tumor tissues from 67 ESCC patients (33.5%) were PDL1-positive. Positive p16 expression was observed in 21
specimens (10.5%). The H-score for c-Met expression
was ≥ 50 in 42 specimens (21.0%). Although PDL1-positivity was not significantly correlated with any
clinical characteristics including age, sex, smoking/
alcoholic history, stage, or differentiation, H-scores for
c-Met expression were significantly associated with PDL1-positivity (OR = 2.34, 95%CI: 1.16-4.72, P = 0.017).
PD-L1 expression was not significantly associated with
a change in overall survival (P = 0.656). In contrast,
the locoregional relapse rate tended to increase (P =
0.134), and the distant metastasis rate was significantly
increased (HR = 1.72, 95%CI: 1.01-2.79, P = 0.028) in
patients with PD-L1-positive ESCC compared to those
with PD-L1-negative ESCC.
CONCLUSION
PD-L1 expression is positively correlated with c-Met
expression in ESCC. PD-L1 may play a critical role in
distant failure and progression of ESCC.
Key words: Esophageal neoplasm; Programmed death
ligand-1 protein; c-Met protein; Prognosis; p16INK4A
protein
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The clinical significance of expression of
programmed death ligand-1 (PD-L1) in esophageal
squamous cell carcinoma (ESCC) has not yet been fully
established. We analyzed tissue microarrays of surgical
specimen of 200 ESCC patients by immunohistochemistry
with antibodies directed against PD-L1, p16, and c-Met.
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Figure 1 Representative immunohistochemical images of programmed death ligand-1, c-Met, and p16 expression in esophageal squamous cell carcinoma
tissues. A: PD-L1 expression was scored from 0 to 3+. Cases with scores of 0 were considered PD-L1-negative; B: c-Met intensity was scored from 0 to 3+. The H-score
was calculated for each case. Cases with H-scores ≥ 50 were considered positive for c-Met expression; C: p16 expression was scored as negative or positive (Original
magnification, × 400). PD-L1: Programmed death ligand-1.

Treatment strategies

[14]

in numerous human cancers , has been shown
to promote PD-L1 overexpression in renal cell and
[15,16]
pulmonary squamous cell carcinoma
. However,
a comprehensive analysis of the correlation between
PD-L1 and c-Met expression in ESCC has not yet been
reported.
In this study, we aimed to investigate the expression
of PD-L1 in ESCC and explore the correlation between
PD-L1 expression and c-Met, as well as p16, a surrogate
[17]
marker for HPV infection . Additionally, we evaluated
the potential for a prognostic role for PD-L1, p16, and
c-Met expression in ESCC.

Treatment decisions were made via a multidisciplinary
team-based approach. All patients without clinical
evidence of metastatic disease were treated with radial
esophagectomy. The type of esophageal resection was
dictated by the size, stage, and location of the primary
tumor. According to the clinician’s judgment, selec
ted patients were offered neoadjuvant or adjuvant
chemotherapy with or without radiation therapy. The
chemotherapy regimen was fluoropyrimidine-/taxenebased and was selected based on the performance
statuses, comorbidities, and toxicity profiles of indi
vidual patients.

MATERIALS AND METHODS

Immunohistochemistry

Patients and samples

Immunohistochemistry (IHC) was performed using the
Benchmark XT automated staining system (Ventana
Medical Systems, Tucson, AZ, United States) to
estimate the expression of PD-L1, p16, and c-Met. A
®
rabbit anti-PD-L1 (E1L3N) XP monoclonal antibody
(mAb) (Cell Signaling Technology, Danvers, MA, United
States), a mouse anti-p16 (E6H4) mAb (Ventana),
and a rabbit anti-c-Met (SP44) mAb (Ventana) were
used for staining. PD-L1 IHC was evaluated based on
the intensity and proportion of membranous staining
and/or cytoplasmic staining in tumor cells and was
scored as 0 (no or any staining less than 10% of cells),
1+ (weak), 2+ (moderate), or 3+ (strong staining
in more than 10% of tumor cells) (Figure 1A). Cases

Patients with ESCC who underwent radical esopha
gectomy with standard lymphadenectomy (two-field or
three-field lymphadenectomy) as the initial definitive
treatment in Seoul National University Hospital from
December 2000 to April 2013 were eligible for this
retrospective analysis. All tumor tissues were confirmed
to be ESCC through hematoxylin and eosin staining after
surgical resection. Tissue microarrays (TMAs; 2 mm in
diameter) were constructed by collecting tissue cores
from representative intratumoral areas from surgical
specimens. The pathologic tumor-node-metastasis
th
(TNM) stage was characterized according to the 7
[18]
American Joint Committee on Cancer Guidelines .
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and Jeon YK).

Table 1 Clinicopathologic characteristics of esophageal
squamous cell carcinoma patients n (%)
Characteristics

Age, median years
(range)
Sex
Male
Female
Smoking history
Alcoholic intake
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Differentiation
W/D
M/D
P/D
Treatment
Surgery alone
Surgery → Adj.
Neoadj. → Surgery
Neoadj. → Surgery
→ Adj.
Surgery results
R0 resection
R1, R2 resection
p16
Negative
Positive
H-score
< 50
≥ 50, < 100
≥ 100, < 200
Follow-up duration,
median months (range)

Total
(n = 200)

PD-L1 status

Outcome measurements

The primary objectives of this study were to evaluate
PD-L1 expression in ESCC and to evaluate the
correlations between PD-L1 expression and other
clinicopathologic features, including p16 and c-Met
expression. The secondary objective was to assess the
prognostic value of PD-L1, p16, and c-Met expression
for overall survival (OS) and progression-free survival
(PFS). OS was defined as the time from the date of
diagnosis until either death due to any cause or the
last follow-up date. PFS was defined as the time from
the first day of definitive treatment until locoregional/
distant relapse or progression, death, or last followup. Locoregional relapse refers to regional lymph node
metastasis or tumor recurrence at the primary site. OS
of patients who received palliative chemotherapy and/
or radiotherapy (OSpall) was measured from the date of
relapse or surgery (if R0 resection was not achieved)
until either death due to any cause or the last followup date.

P value

Negative
Positive
(n = 133) (n = 67)

65 (41-83)

65 (50-83)

64 (41-82)

0.5191

188 (94.0)
12 (6.0)
168 (84.9)
166 (84.3)

125 (94.0)
8 (6.0)
110 (84.0)
110 (84.0)

63 (94.0)
4 (6.0)
58 (86.6)
56 (84.9)

1.000
0.630
0.873

66 (33.0)
59 (29.5)
71 (35.5)
4 (2.0)

47 (35.3)
41 (30.8)
44 (33.1)
1 (0.8)

19 (28.4)
18 (26.9)
27 (40.3)
3 (4.5)

0.200

41 (23.0)
131 (65.5)
23 (11.5)

36 (27.1)
83 (62.4)
14 (10.5)

10 (14.9)
48 (71.6)
9 (13.4)

0.152

122 (61.0)
58 (29.0)
14 (7.0)
6 (3.0)

83 (62.5)
38 (28.6)
9 (6.8)
3 (2.3)

39 (58.2)
20 (29.9)
5 (7.5)
3 (4.5)

0.927

176 (88.0)
24 (12.0)

121 (91.0)
12 (9.0)

55 (82.1)
12 (17.9)

0.068

179 (89.5)
21 (10.5)

121 (91.0)
12 (9.0)

58 (86.6)
9 (13.4)

0.616

158 (79.0)
31 (15.5)
11 (5.5)
33.2
(0.6-178.7)

112 (84.2)
16 (12.0)
5 (3.8)
33.9
(0.6-176.7)

46 (68.7)
15 (22.4)
6 (9.0)
31.7
(2.3-178.7)

Statistical analysis

Patients were divided into two groups by PD-L1
status. Significant differences in clinicopathologic
characteristics between the two groups were assessed
using the Mann-Whitney test for continuous variables
2
and the χ (or Fisher’s exact test, if appropriate) for
categorical variables. Significant correlations between
clinicopatholoic factors and PD-L1-positivity were
assessed by logistic regression analysis. Survival
analyses were performed using the Kaplan-Meier
method and were compared using a log-rank test.
Univariate and multivariate analyses using the Cox
proportional hazard regression model were applied to
determine the hazard ratio (HR) for specific variables
with respect to OS and PFS. For all statistical analyses,
two-sided P values < 0.05 were considered statistically
significant. All statistical analyses were carried out
using STATA version 12 (StataCorp LP, College Station,
TX, United States).

0.036
0.7901

1

Estimated by Mann-Whitney test. N: Number; W/D: Well differentiated;
M/D: Moderately differentiated; P/D: Poorly differentiated; Adj.: Adjuvant
chemotherapy; Neoadj.: Neoadjuvant chemotherapy.

with scores of 1+, 2+, or 3+ were considered to be
PD-L1-positive. c-Met expression was analyzed by the
membranous and/or cytoplasmic staining pattern and
the positivity was evaluated by H-score. The c-Met
staining intensity was scored as 0 (none or staining in
less than 10% tumor cells), 1 (weak), 2 (moderate),
or 3 (strong) based on membranous and/or cytoplas
[19,20]
mic staining as previously reported
(Figure 1B),
and each score multiplied by the percentage of cells
(0%-100%). Therefore, H-score was ranged from 0
to 300. The median value 50 of c-Met H-score among
samples with positive c-Met IHC staining was arbitrarily
defined as the cutoff value for c-Met positivity.
Samples were considered positive for p16 staining if
diffuse strong nuclear and cytoplasmic immunostaining
was observed in more than 50% of the tumor cells
[21]
(Figure 1C) . All slides were blinded with respect to
clinical characteristics and outcome and were reviewed
and scored by two experienced pathologists (Kwon D
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RESULTS
Patient characteristics

A total of 200 ESCC patients were included in our
analysis. The clinicopathologic characteristics of the
patients are summarized in Table 1. Most of the patients
(94.0%) were males who ranged in age from 41 to 83
years (median age, 65 years). A majority of the patients
were ex/current-smokers (84.9%) or alcohol drinkers
(84.3%). All patients underwent radical esophagectomy
as an initial definitive treatment, and R0 resection was
achieved in 176 patients (88.0%). Twenty patients
(10.0%) received neoadjuvant chemotherapy prior to
surgery, and 64 patients (32.0%) received adjuvant
chemotherapy.
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Table 3 Univariate and multivariate Cox proportional hazard
regression analysis for clinicopathologic factors overall survival

Table 2 Univariate and multivariate logistic regression
analysis for clinicopathologic factors affecting programmed
death ligand-1 expression

Factors
Factors

Ref.

Univariate analysis
Age1
Sex
Male vs Female
Smoking
Yes vs No
Alcohol
Yes vs No
CEA1
TNM stage
Ⅲ/Ⅳ vs Ⅰ/Ⅱ
Differentiation
M/D or P/D vs W/D
Neoadj.
Yes vs No
p16
Positive vs Negative
≥ 50 vs < 50
c-Met H-score
Multivariate analysis
Differentiation
M/D or P/D vs W/D
≥ 50 vs < 50
c-Met H-score

OR (95%CI)

P value

0.98 (0.94-1.02)
1.01 (0.29-3.48)
1.23 (0.53-2.86)
1.07 (0.47-2.42)
0.86 (0.66-1.11)
1.59 (0.87-2.89)
2.12 (0.98-4.58)
1.37 (0.53-3.53)
1.56 (0.62-3.92)
2.43 (1.21-4.88)

0.323
0.99
0.63
0.873
0.234
0.133
0.058
0.517
0.34
0.012

2.01 (0.92-4.40)
2.34 (1.16-4.72)

0.08
0.017

Univariate analysis
Age1
Sex
Smoking
Alcohol
CEA1
TNM stage
Differentiation
Neoadj.
Adj.
Operation result
p16
c-Met H-score
Multivariate analysis
Age1
Sex
TNM stage
Neoadj.
Adj.
Operation result
p16

1

Treated as continuous variables. OR: Odds ratio; CEA: Carcinoembryonic
antigen; TNM: Tumor-node-metastasis; W/D: Well differentiated; M/D:
Moderately differentiated; P/D: Poorly differentiated; Neoadj.: Neoadjuvant
chemotherapy.

Correlation of PD-L1 expression with p16 and c-Met
expression in ESCC

P value

Ⅲ/Ⅳ vs Ⅰ/Ⅱ
M/D or P/D vs W/D
Yes vs No
Yes vs No
R1/R2 vs R0
Positive vs Negative
≥ 50 vs < 50

1.03 (1.00-1.05)
6.29 (1.55-25.4)
1.36 (0.80-2.33)
1.30 (0.80-2.13)
1.07 (0.95-1.20)
2.77 (1.97-3.90)
1.23 (0.82-1.85)
1.70 (1.04-2.78)
1.73 (1.23-2.45)
3.53 (2.25-5.52)
0.49 (0.24-1.01)
1.12 (0.73-1.72)

0.023
0.010
0.261
0.286
0.269
< 0.001
0.308
0.032
0.002
< 0.001
0.053
0.601

Male vs Female
Ⅲ/Ⅳ vs Ⅰ/Ⅱ
Yes vs No
Yes vs No
R1/R2 vs R0
Positive vs Negative

1.03 (1.01-1.06)
4.31 (1.06-17.6)
2.52 (1.64-3.87)
1.26 (0.73-2.19)
0.91 (0.58-1.44)
2.53 (1.48-4.32)
0.51 (0.25-1.05)

0.001
0.042
< 0.001
0.405
0.685
0.001
0.069

Male vs Female
Yes vs No
Yes vs No

1

Treated as continuous variables. CEA: Carcinoembryonic antigen; TNM:
Tumor-node-metastasis; W/D: Well differentiated; M/D: Moderately differen
tiated; P/D: Poorly differentiated; Neoadj.: Neoadjuvant chemotherapy; Adj.:
Adjuvant chemotherapy.

IHC was performed to assess PD-L1, p16, and c-Met
expression in surgical specimens collected from a
total of 200 ESCC patients (Table 1). Tumor tissues
from 67 patients (33.5%) were PD-L1-positive, and
the remaining specimens (133 patients, 66.5%)
were PD-L1-negative. PD-L1-positivity was not
significantly correlated with any clinical characteristics,
including age, sex, smoking/alcoholic history, stage,
or differentiation (Table 1). A total of 21 samples were
positive for p16 expression (10.5%), 12 of which were
PD-L1-negative and 9 of which were PD-L1-positive.
The c-Met H-scores were ≥ 50 in 42 of 200 samples
(21.0%). Of these cases, 21 were PD-L1-negative, and
the remaining 21 were PD-L1-positive.
The factors associated with PD-L1 expression were
investigated by univariate and multivariate analyses
using a logistic regression model (Table 2). Most
clinical characteristics, including age, sex, smoking/
alcoholic history, carcinoembryonic antigen (CEA)
level, TNM stage and neoadjuvant chemotherapy were
not significantly associated with PD-L1 expression.
Moderately or poorly differentiated ESCC tended to be
PD-L1-positive compared to well-differentiated ESCC in
both univariate (P = 0.058) and multivariate analysis
(P = 0.080). PD-L1 expression was not significantly
associated with p16 expression (P = 0.340), but
elevated c-Met expression (H-score ≥ 50) was
significantly associated with PD-L1-positivity compared
to lower c-Met expression (H-score < 50) (OR = 2.34,
95%CI: 1.16-4.72, P = 0.017 in multivariate analysis).

difference in the OS (P = 0.656) according to PD-L1
expression (Figure 2A). Modifying the threshold for
PD-L1-positivity by IHC score (e.g., 1+, 2+ or 3+)
also did not yield a significant difference (data not
shown). However, the locoregional relapse rate tended
to increase (P = 0.134; Figure 2B), and the distant
metastasis rate was significantly increased in patients
with PD-L1-positive ESCC compared to those with PDL1-negative ESCC (HR = 1.72, 95%CI: 1.06-2.79,
P = 0.028; Figure 2C). To investigate the prognostic
factors for OS in ESCC, univariate and multivariate Cox
regression analyses were carried out (Table 3). There
was no significant difference in OS according to c-Met
expression (P = 0.601; Figure 3A). However, there
was a trend toward improved OS in patients with p16positive ESCC compared to those with p16-negative
ESCC in univariate analysis (HR = 0.49; 95%CI:
0.24-1.01, P = 0.053; Figure 3B) and multivariate
analysis (HR = 0.51, 95%CI: 0.25-1.05, P = 0.069).
This tendency became statistically significant in PD-L1positive ESCC patients (HR = 0.23, 95%CI: 0.06-0.96,
P = 0.043; Figure 3C), but not in PD-L1-negative
ESCC patients (P = 0.932; Figure 3D). Interestingly,
the OSpall was significantly better in patients with PDL1-positive ESCC compared to those with PD-L1negatvie ESCC (HR = 0.59, 95%CI: 0.36-0.96, P =
0.034; Figure 4).

Prognostic implications of PD-L1, p16, and c-Met
expression for ESCC

DISCUSSION
In this study, we report that approximately one-third of

In our cohort of ESCC patients, there was no significant
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0.75

0.50

patients with ESCC. In contrast, we found no significant
difference in survival of ESCC patients according to
PD-L1 expression. The discrepancies among these
studies can be partially explained by variations in the
antibodies used for detection, as well as differing IHC
cut-off definitions for PD-L1-positivity. ESCC speci
mens with any positive immunohistochemial staining
®
using the rabbit anti-PD-L1 (E1L3N) XP mAb were
considered positive in our analysis. However, Ohigashi
[22]
et al
performed immunostaining with a mouse antiPD-L1 immunoglobulin G1 mAb (MIH1) and considered
specimens with ≥ 10% PD-L1-positive tumor cells to
[23]
be positive. In contrast, Chen et al used the H-score
method to assess PD-L1 immunostaining with a rabbit
anti-human PD-L1 mAb (NBP1-03220). In addition
to these variations in technique, differences in the
multidisciplinary approach to treatment, such as use of
palliative chemotherapy, radiotherapy, and supportive
care might have also influenced OS. Furthermore,
differences in tissue preparation and processing
variability could have confounded results regarding the
use of PD-L1 IHC as a prognostic marker for ESCC.
c-Met is one of the most important cancerassociated receptor tyrosine kinases and is activated
[24]
through binding to its specific ligand, HGF . c-Met
has been reported to be involved in the development
of a number of human primary tumors, such as
[25]
gastric, breast, colorectal, liver, and rectal cancers .
Activation of the receptor enhances oncogenesis
through a wide range of mechanisms, including the
promotion of tumor cell invasiveness, angiogenesis,
[24,26]
and the epithelial-to-mesenchymal transition
.
Based on its many roles in regulation of pro-oncogenic
pathways, we hypothesized that c-Met modulates
PD-L1 expression in ESCC. Consistent with this
hypothesis, c-Met-induced signaling has been reported
to lead to PD-L1 overexpression in renal cancer cells[15].
Our analysis demonstrated that c-Met expression is
significantly correlated with PD-L1-positivity in ESCC.
[27]
However, in agreement with a previous report ,
c-Met overexpression had no prognostic value for
[27]
OS . Thus, the biological impact of the correlation
between PD-L1 and c-Met expression should be further
investigated in future studies.
HPV infection is one of the risk factors associated
with esophageal cancer, oropharyngeal squamous
[13,28-30]
cell carcinoma, and cervical cancer
. Previous
reports have shown that HPV-positive tumors exhibit
high PD-L1 expression compared to HPV-negative
[10-12]
tumors
. With respect to ESCC, we did not observe
any significant correlation between expression of PD-L1
[17]
and that of p16, a surrogate marker for HPV infection .
However, we did find that p16 expression has potential
prognostic value for ESCC. This result was similar to
that observed in patients with oropharyngeal squamous
[30,31]
cell carcinoma
. Interestingly, the prognostic value
of p16 expression was more significant in patients with
PD-L1-positive ESCC.

P = 0.656

0.25
PD-L1 (-)
PD-L1 (+)

0.00
0

50

100

150

B

1.00

Locoregional failure rate

t /mo

0.75

P = 0.134
0.50

0.25
PD-L1 (-)
PD-L1 (+)

0.00
0

50

100

150

C

1.00

Systemic failure rate

t /mo

0.75

P = 0.028

0.50

0.25
PD-L1 (-)
PD-L1 (+)

0.00
0

50

100

150

t /mo

Figure 2 Kaplan-Meier plots for esophageal squamous cell carcinoma
patients stratified by programmed death ligand-1 expression. A: Overall
surviva; B: Locoregional relapse rate; C: Distant metastasis rate.

ESCC cases were positive for expression of PD-L1, and
that PD-L1 expression was positively correlated with
c-Met-positivity. Although PD-L1-positivity appeared to
have no prognostic value for OS, it was associated with
increased rate of distant failure. Expression of p16, a
marker for HPV infection, was not correlated with the
PD-L1 expression.
Because the PD-L1/PD-1 interaction has a negative
regulatory function in T cell activation, cancer patients
with elevated PD-L1 expression often exhibit a poor
[8]
prognosis and clinical outcomes . With respect to
[22]
ESCC, Ohigashi et al analyzed data from 41 patients
with ESCC and showed that PD-L1 can serve as a
prognostic biomarker for ESCC. Similarly, Chen et
[23]
al
reported that PD-L1 expression was significan
tly associated with patient survival by analyzing 99
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Figure 3 Overall survival according to c-Met, p16 expression. Kaplan-Meier plots of overall survival for all patients stratified by (A) c-Met expression and (B) p16
expression; Kaplan-Meier plots of overall survival stratified by p16 expression (C) for patients with PD-L1-positive esophageal squamous cell carcinoma; and (D) for
patients with PD-L1-negative esophageal squamous cell carcinoma.

Therefore, further follow-up studies including external
validation are needed. Nevertheless, the present study
represents the largest retrospective study to date with
sufficient statistical power to assess PD-L1 expression
and its prognostic implications in ESCC patients.
Furthermore, the correlation between PD-L1 and c-Met
expression in ESCC identified in this study is a novel
finding.
In conclusion, approximately one-third of the ESCC
patient samples analyzed were positive for PD-L1
expression, and PD-L1 expression was positively
correlated with c-Met expression. Although PD-L1positivity was not found to be associated with the
prognosis of ESCC patients, it may play a critical role in
distant metastasis and progression of ESCC. Because
most cancer-related deaths are associated with
distant metastasis, our findings provide a rationale for
immunotherapy targeting PD-L1 for ESCC.

Overall survival rate

1.00

0.75

P = 0.034
0.50

0.25
PD-L1 (-)
PD-L1 (+)

0.00
0

5

10

15

20

t /mo

Figure 4 Kaplan-Meier plot of overall survival for esophageal squamous
cell carcinoma patients who received palliative treatment. Overall survival
was measured from the date of relapse or surgery (if R0 resection was not
achieved) until either death by any cause or the last follow-up date.

There are several limitations that must be con
sidered regarding the findings of this study. First, the
retrospective design could bias the results. Second,
there is no standard IHC threshold definition for
PD-L1, p16 and c-Met positivity, and our definition
was arbitrary. Therefore, one should be cautious
when generalizing the results of our analysis. Third,
we used p16 IHC as a surrogate marker instead of
detecting HPV DNA to assess HPV infection. Fourth,
although we identified a positive correlation between
PD-L1 and c-Met expression, the biological meaning
of the correlation was not investigated in this study.
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death 1 (PD-1) as one of mechanisms by which cancer cells evade immune
surveillance. The prognostic role of this interaction is controversial, and
the mechanisms that regulate the expression of PD-L1 are obscure. There
has been relatively scarce study examining the clinical meaning of PD-L1/
PD-1 interaction in esophageal cancer, which is one of the most common
gastrointestinal malignancies and is highly prevalent in Asia.

7

8

Research frontiers

9

PD-L1 upregulation has been reported in human papilloma virus-associated
malignancies such as esophageal squamous cell carcinoma (ESCC), and c-Met
has been shown to promote PD-L1 overexpression in some type of cancers.
However, a comprehensive analysis of the correlation between PD-L1 and c-Met
expression in ESCC has not yet been reported.

10

Innovations and breakthroughs

This study revealed that PD-L1 play a critical role in distant failure and
progression of ESCC. In addition, this study found that PD-L1 expression is
positively correlated with c-Met expression, which is a novel finding.
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Applications

PD-L1-positivity may play a critical role in distant metastasis and progression
of ESCC. Because most cancer-related deaths are associated with distant
metastasis, this finding provides a rationale for immunotherapy targeting PD-L1
for ESCC.
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Terminology

PD-1 is a negative co-stimulatory factor that inhibits T cell activation when
activated by PD-L1 or one of its other ligands. PD-L1 is a cell surface
glycoprotein that belongs to the B7 family and is expressed not only on normal
cells, such as T cells, B cells, monocytes, macrophages, and dendritic cells, but
also on cancer cells.
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The article focuses on the role of PD-L1 and another two markers, the authors
are looking for new and different correlations.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the review board of Beijing Tian Tan
Hospital, Capital Medical University.

AIM
To evaluate the feasibility of side-to-side anastomosis
of the lesser curvature of stomach and jejunum in
laparoscopic Roux-en-Y gastric bypass (LRYGB).

Informed consent statement: All study participants, or our
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
Seventy-seven patients received side-to-side anasto
mosis of the lesser curvature of stomach and jejunum
by utilization of linear stapler in LRYGB from April 2012
to July 2015 were retrospectively analyzed.
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Data sharing statement: No additional data are available.

RESULTS
All patients were successfully completed laparoscopic
gastric bypass with the side-to-side anastomosis of the
lesser curvature of stomach and jejunum. No patient
was switched to laparotomy during operation. No early
complications including gastrointestinal anastomotic
bleeding, fistula, obstruction, deep vein thrombosis,
incision infections, intra-abdominal hernia complications
were found. One patient complicated with stricture
of gastrojejunal anastomosis (1.3%) and six patients
complicated with incomplete intestinal obstruction
(7.8%). BMI and HbA1c determined at 3, 6, 12, 24
mo during follow up period were significantly reduced
compared with preoperative baselines respectively. The
percentage of patients who maintain HbA1c (%) < 6.5%
without taking antidiabetic drugs reached to 61.0%,
63.6%, 75.0%, and 63.6% respectively. The outcome
parameters of concomitant diseases were significantly
improved too.

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
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Unsolicited manuscript
Correspondence to: Ri-Xing Bai, MD, PhD, Department of
General Surgery, Beijing Tian Tan Hospital, Capital Medical
University, 6 Tiantan Xili, Dongcheng District, Beijing 100050,
China. brx5168@163.com
Telephone: +86-10-67096593
Fax: +86-10-67096593
Received: May 31, 2016

WJG|www.wjgnet.com

8398

October 7, 2016|Volume 22|Issue 37|

Bai RX et al . Safety and feasibility of modified LRYGB

CONCLUSION
Present surgery is a safety and feasibility procedure. It
is effective to lighten the body weight of patients and
improve type 2 diabetes and related complications.

cteristic of easy size control of anastomosis. However,
this surgical mode demands prolonged length of
operation time because it is difficult to insert a stapling
anvil block inside the gastric pouch and hardly find the
[3]
active bleeding spot at anastomotic site . Although
the technique of full hand-sewn gastrojejunostomy was
[4]
first reported by Higa et al , it was not expediently
accepted by surgeons due to the requirement of
longer learning curve and stronger laparoscopic suture
[5]
skill. Schauer et al first introduced the linear-stapled
gastrojejunostomy in LRYGB, which triumphed over
the complexity of stapling anvil block placement in
circular-stapled gastrojejunostomy and improved the
management of anastomosis bleeding.
Since irregular and unsmooth anastomotic suture
will produce the stricture of anastomosis, it requires
more professional and skillful surgeon to perform the
surgery. However, no matter what mode of anastomosis
is selected, certain rate of complications related to
gastrointestinal anastomosis will still happen after
surgery, for instance, the rate of fistula is 0.93%-6%,
[3-16]
stenosis is 1.6%- 6.41%, and bleeding is 0%-1.75%
.
[17]
Torres et al
considered that the anastomosis
of Roux-en-Y gastrojejunostomy from the lesser
curvature could bring on the food continuous through
the anastomostic stoma and effectively moderate the
gastric pouch expansion after surgery. We, therefore,
take the linear stapler instead of Torres’ circular stapler
to improve the gastrojejunostomy in lesser curvature
of stomach and close the anastomosis.
The purpose of this study is to investigate the
safety and feasibility of modified LRYGB and its impact
on perioperative complications and the resolutions of
T2DM.

Key words: Laparoscopic Roux-en-Y gastric bypass;
Gastric bypass; Gastrojejunostomy; Metabolic surgery;
Bariatric surgery; Type 2 diabetes mellitus
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Laparoscopic Roux-en-Y gastric bypass
(LRYGB) has been widely applied in the treatment
of obesity patient with type 2 diabetes mellitus.
Gastrojejunostomy is one of the most important
procedures in LRYGB. However, the surgical mode has
not been standardized. We have proved in this study
that the modified side to side anastomosis of the lesser
curvature of stomach and jejunum applied with linear
cutting closer in LRYGB is a safe, feasible, and effective
therapeutic option in the treatment of obesity patients
with type 2 diabetes and complications, which could
make gastrojejunostomy standardized easily in LRYGB.
Bai RX, Yan WM, Li YG, Xu J, Zhong ZQ, Yan M. Application
of side-to-side anastomosis of the lesser curvature of stomach
and jejunum in gastric bypass. World J Gastroenterol 2016;
22(37): 8398-8405 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i37/8398.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i37.8398

INTRODUCTION
With the increasing incidence of obesity and type
2 diabetes mellitus (T2DM), bariatric surgery has
becoming more and more popular as a therapeutic
option. At present time, laparoscopic Roux-en-Y
gastric bypass (LRYGB) is generally applied in the
treatment of obesity patient with T2DM. Following 20
years clinical practice, the advantages of this surgery
in aspects of curative effectiveness, weight loss,
diabetes control and safety are gradually recognized
worldwide and has become a gold standard mode
[1]
for patients indicated . LRYGB procedure mainly con
tains 3 processes including gastric pouch formation,
gastrojejunostomy and jejunojejunostomy. Wherein,
gastrojejunostomy is the most critical step because
it needs proficient and skilled surgeon to control the
size of anastomosis, which is usually associated with
the occurrence of complications. Currently, the diverse
surgical techniques applied for anastomosis in LRYGB
are circular-stapled gastrojejunostomy (43%), linearstapled gastrojejunostomy (41%), and full hand-sewn
[2]
(21%) gastrojejunostomy individually .
The circular-stapled gastrojejunostomy was first
described by Wittgrove in 1994. It possesses the chara
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MATERIALS AND METHODS
Patient characteristics

All data of consective 82 obese patients with T2DM
(diagnosed according to the China Diabetes Association
[18]
guidelines ) undergoing LRYGB at the general surgery
department of Beijing Tian Tan Hospital from April 2012
to July 2015 were retrospectively reviewed. Among
them, 5 patients were excluded because of incomplete
data collection. Thus, 77 patients in total were qualified
to enter the study finally. The patients included 46
women and 31 men with a mean age of 46 years (range
2
19-67), a mean body mass index (BMI) 32.1 kg/m
(range 27.7-51.4), a mean glycosylated hemoglobin
(HbA1c) 8.3% (range 5.5%-13.3%) and a mean T2DM
duration 7 years (range 1-25), respectively. In addition,
29 patients showed hypertension, 31 patients showed
fatty liver and 38 patients showed abnormal lipid
metabolism (Table 1). The average follow-up period
was 16.5 ± 9.4 mo (range 6-39 mo). The number of
patients who completed postoperative follow-up at 12,
24, 36 mo was 56 cases (72.7%), 33 cases (42.9%)
and 6 cases (7.8%) correspondingly.
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then grasped by atraumatic laparoscopic forceps and
brought up to the gastric pouch in front of the colon.
A stab wound was made on the end of lesser
curvature of the gastric pouch and on the wall of the
jejunum contra of the mesentery with laparoscopic
coagulation hook separately (Figure 1A). A blade of
the Echelon 60 endopath stapler -1.5 mm was inserted
through the stab wound of the distal jejunum. The
other blade of the linear stapler was placed into the
gastric pouch, and the lesser curvature of the gastric
pouch is anastomosed to the jejunum side-to-side with
the stapler (Figure 1B). The staple lines were inspected
for bleeding under laparoscopic vision. The common
open of stomach and jejunal loop were clamped
together with the linear staplers (Echelon 60 endopath
stapler -1.2 mm and Echelon 60 endopath stapler
-1.5 mm) after staunching the bleeding of the staple
line, insuring the width of gastrointestinal anastomosis
attaining 2.5 cm or so (nearly 25 mm circular stapler)
(Figure 1C). The side-to-side anastomosis between the
gastric pouch and jejunum was then completed.
A stab wound made with laparoscopic coagula
tion hook on the wall of the jejunum contra of the
mesentery, near 100 cm distal to the gastrojejun
ostomy (alimentary limb were varied in length
depend on preoperative BMI of the patient (such as
2
100 cm length for patient BMI ≤ 50 kg/m , 120 cm
2
length for patient BMI > 50 kg/m ), the proximal
loop of the jejunum brought down to the site of the
stab wound, the proximal loop and distal segment
of the jejunum was anastomosed side-to-side with
the Echelon 60 endopath stapler -1.2 mm. Another
Echelon 60 endopath stapler -1.2 mm was used to
close the opening of the jejunum after staunching
the bleeding of the staple line to complete the Rouxen-Y anastomosis surgery (Figure 1D). A drain tube
was placed on the left side of cardia and washed the
abdominal cavity by saline without the bleeding of
gastrointestinal and intestinal anastomosis.

Table 1 Patient demographics
Characteristic
Gender (n)
Men
Women
Age (yr)
BMI (kg/m2)
HbA1c (%)
Mean T2DM duration(yr)
Concomitant disorder (n)
Hyperlipidemia
Fatty liver
Hypertension
Follow-upduration (n)
6 mo
12 mo
24 mo
36 mo

46
31
46 ± 11 (19-67)
32.1 ± 4.9 (27.7-51.4)
8.3 ± 1.6 (5.5-13.3)
7 ± 5 (1-25)
38
31
29
77
56
33
6

BMI: Body mass index; HbA1c: Glycosylated hemoglobin; T2DM: Type 2
diabetes mellitus.

Surgical procedure

The patient was placed in a dorsal elevated position on
surgical table and the legs were separated to allow the
surgeon standing between them. A 10-mm trocar was
inserted through a periumbilical port for developing a
pneumoperitoneum and laparoscopic guidance. Two
pieces of 13-mm trocar were inserted separately at
the left/right points above umbilicus. Two pieces of
5-mm trocars were inserted at subxiphoid (for liver
retractor) and left subcostal position, seperately. The
distance between each trocar should be over 6-7
cm for avoiding interference each other. The intraabdominal pressure should be maintained constantly
at 13 mmHg.
The liver was retracted by a laparoscopic forceps
through subxiphoid port. The esophagus was exposed
and the cardia-esophageal junction and angle of His
were identified.
The isolating dissection began at the lesser cur
vature of stomach by harmonic scalpel from 9 to 4
cm below the cardia approximately. The stomach was
elevated and an aperture was created adjacent to the
posterior gastric wall and around the lesser curvature.
The dissection started at the lesser curvature from 9
cm below the cardia approximately. The LLC Echelon 60
endopath stapler -1.5 mm (ETHICON ENDO-SURGERY)
was then applied initially in an inclined direction (near
45° angle of lesser curvature). The dissection was
continued from the lesser curvature about 2.5-3.0 cm
and the direction of the transaction line was turned
vertically, aiming to the angle of His. The pouch should
be oriented vertically and the width was near 2.5-3.0
cm. Four or five times repeated of the Echelon 60
endopath stapler -1.5 mm were required to completely
divide the stomach.
The harmonic scalpel was implemented for tissue
separation along with the intestinal wall distal to
the ligament of Trietz about 100 cm, range from
approximately 5 cm distally. The distal jejunum was
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Postoperative management

No patient was employed the nasogastric suction
postoperatively. All patients were taken the gastro
intestinal contrast radiograph with ioversol (iodic
contrast agent) on the third day morning after surgery.
Figure 2 showed a typical appearance of gastric
pouch. Patients were allowed to ingest the liquid food
to ensure the anastomotic stoma without leakage.
th
th
Most patients were ready for discharge on the 4 -6
postoperative day.
Patients were prescribed to take proton pump
inhibitors orally, and instructed to supplement consis
tently of multivitamins and trace elements for a long
period. The follow up visits for patients were scheduled
st
rd
th
th
at 1 , 3 , 6 and 12 mo respectively after surgery in
the first year, and twice a year thereafter.
Complication is defined as a major event happening
and requiring intervention during or after procedure.
T2DM remission is defined by the laboratory test of
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A

B

C

D

GJA width
(2-2.5 cm)

Figure 1 Surgical procedures of laparoscopic Roux-en-Y gastric bypass. A: Making gastric pouch; B: Completing the side-to-side anastomosis between the
gastric pouch and jejunum; C: Clamping the common open of stomach and jejunal loop; D: Completing the side-to-side anastomosis of jejunum. GJA: Gastrojejunal
anastomosis.

calculated as weight in kilograms divided by height
in meters squared. Blood was drawn for laboratory
examination from an antecubital vein following an
overnight fast. Measurements were acquired using
the Hitachi 7170 and J&J nephelometer assay (Dade
Behring, United States). The serum insulin and
C-peptide levels were measured using a DPC Immulite
analyzer. All specimens were processed within 1 h of
collection. Informed consent from the patients and
ethics approval from the Institutional Research Ethics
Committee was obtained.

Statistical analysis

All statistical analyses were performed using SPSS
version 16.0, with a baseline comparison by t tests,
one-way ANOVA and chi-square tests. Continuous
variables were expressed as the mean ± SD. P values
< 0.05 were considered statistically significant.

Figure 2 Gastrointestinal contrast radiograph. All patients were taken the
gastrointestinal ioversol contrast radiograph on the third morning after LRYGB.
The radiograph shows a typical appearance of the gastric pouch (length 5-6
cm, width 2-2.5 cm, volume 20-30 mL). LRYGB: Laparoscopic Roux-en-Y
gastric bypass.

fasting glucose level < 100 mg/dL, HbA1c < 6.5% and
an unwillingness to pursue medical treatment.
Patients data were collected and registered into the
database of bariatric center, including the parameters
of patients demographics, BMI, weight loss, length
of hospital stay, glycosylated hemoglobin (HbA1c),
complications, and comorbidit (hyperlipidemia, fatty
liver, hypertension).
Patients body weight was measured in light
clothing without shoes to the nearest 0.1 kg, and body
height was measured to the nearest 0.1 cm. BMI was
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RESULTS
All patients were successfully completed whole LRYGB
procedure. Among them, 9 patients experienced
concomitant cholecystectomy. Nobody was switched to
the laparotomy surgery. The patients were followed up
for 6-39 mo. The average operative time was 2.6 ± 0.8
(1.5-5.8) h, blood loss was 58.4 ± 31.1 (10-200) mL,
and the length of postoperative hospital stay was 5.9
± 1.4 (4-14) d.
Nobody was dead. One patient (1.3%) required
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determined prior to surgery (Table 6).

Table 2 Postoperative complications in laparoscopic Rouxen-Y gastric bypass patients
Complications
Early complications (< 30 p-o d)
JJA bleeding
Late complications (> 30 p-o d)
GJA stenosis
Intestinal obstruction
Iron deficiency anemia
Acute pancreatitis
Upper gastrointestinal hemorrhage
Gallstones
Total

DISCUSSION

n (%)

The key technology of laparoscopic gastric bypass are
gastric pouch formation and gastrojejunostomy, in
which the madding of a lesser curvature of independent
[19]
gastric pouch has reached a consensus . Currently,
the surgical techniques applied for anastomosis in
LRGB include circular-stapled gastrojejunostomy,
linear-stapled gastrojejunostomy, and full hand-sewing
gastrojejunostomy. The circular-stapled gastroje
[20]
junostomy was first described by Wittgrove in 1994 ,
which possesses the characteristic of easily control
of anastomosis size. However, this surgical method
demands prolonged length of operation time because
it is difficult to insert a stapling anvil block inside the
gastric pouch and find the active bleeding spot at
anastomotic site. Although the technique of full handsewing gastrojejunostomy was first reported by Higa
[4]
et al in 2000, it was not expediently accepted by
surgeons due to the requirement of longer learning
curve and stronger laparoscopic suture skill. Schauer et
[5]
al first introduced the linear-stapled gastrojejunostomy
in LRYGB, which triumphed over the complexity of
stapling anvil block placement in circular-stapled
gastrojejunostomy and improved the management of
anastomosis bleeding. Several studies show that there
was no difference in anastomotic related complication
for 25 mm circular-stapled ,full hand-sewing and
[6-10]
linear-stapled
. It is important to control the size of
anastomotic for laparoscopic gastric bypass and which
in gastrojejunostomy was certainly difficult, but there
has no standrad for the methods of gastrojejunostomy
nowadays.
The classical linear-stapled gastrojejunostomy
anastomoses the posterior of gastric pouch with
jejunum and continuous or discontinuous closes the
[5]
common opening . This method has the advantages of
omitting to insert a stapling anvil block inside the gastric
pouch as well as easily finding and handling the active
bleeding spot at anastomotic site. But it needs a skilled
laparoscopic technique to close the common opening,
for improper suture may cause the anastomotic
stenosis. Considering the shortcomings above, we
[17]
improve the method of Torres
which using circularstapled gastrojejunostomy in lesser curvature. We take
the linear stapler instead of Torres’circular stapler to
perform the gastrojejunostomy in lesser curvature of
stomach and close the common opening. The width
of anastomosis was 2.5 cm (equal to the diameter
of 25 mm circular-stapled). It has three advantages,
firstly, it not only retaines the linear-stapled advanage,
but also easily to standardized, therefore easy to
control the anastomosis size, avoiding the laparoscopic
suture operation, such shortened the learning curve.
Secondly, because we use liner-stapled for side to side
anastomosis of the lesser curvature of stomach and
jejunum, which insured the width of gastric pouch, so it
is easy to formation narrow and long gastric pouch ,and

1 (1.3)
1 (1.3)
6 (7.8)
2 (2.6)
1 (1.3)
1 (1.3)
5 (7.6)
17 (23.2)

LRYGB: Laparoscopic Roux-en-Y gastric bypass; JJA: Jejunojejunal anas
tomosis; GJA: Gastrojejunal anastomosis.

secondary surgery because of bleeding of sideto-side anastomosis between intestinal 34 h after
first surgery. No patient occurred the complications
of gastrointestinal anastomotic bleeding, fistula,
obstruction, deep vein thrombosis, incision infections,
intra-abdominal hernia and any others during early
stage after surgery (< 30 d).
One patient (1.3%) was carried out the repeated
laparoscopic operation ascribe to the stricture of
gastrojejunal anastomosis 6 mo later following first
surgery. The patient presented the symptoms and
signs of anastomosis stenosis 6 wk after surgery and
failed to endoscopic dilation management. Six patients
(7.8%) arose the incomplete intestinal obstructions,
and were treated conservatively by bowel rest and
parenteral nutrition. Iron deficiency anemia was app
eared in two patients (2.6%) at 9 and 18 mo after
operation, and was treated by ferrous preparation.
One patient (1.3%) showed upper gastrointestinal
hemorrhage associated with oral aspirin intake. One
patient (1.3%) developed acute pancreatitis 22 mo
after surgery and was treated by medications. In
addition, five patients (7.6%) were newly diagnosed as
cholelithiasis in 66 patients after surgery. Nine and two
patients were individually experienced cholecystectomy
during or before LRYGB (Table 2).
Fifty-six patients (72.7%) were followed up for 12
mo and 33 patients (42.9%) were followed up for 24
mo after surgery. BMI and HbA1c determined at 3,
6, 12, 24 mo during following up period after surgery
were significantly reduced compared with those before
operation respectively (Table 3). BMI achieved to
minimal level at 1 year after surgery.
The portions of patients who maintained HbA1c
(%) < 6.5% without antidiabetic agents were 61.0%,
63.6%, 75.0%, and 63.6% at 3, 6, 12, 24 mo
respectively after operation. The outcome parameters
of T2DM were significantly improved compaired with
that measured before operation (Tables 4 and 5).
Fifty-six patients (72.7%) were followed up for
12 mo postoperatively. Concomitantdisorders such
as hypertension, dyslipidemia and fatty liver were
significantly alleviated after surgery than the baselines
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Table 3 Determination of body mass index and glycosylated hemoglobin before and after laparoscopic Roux-en-Y gastric bypass
surgery
Follow-up
12 mo (n = 56)
24 mo (n = 33)

2

BMI (kg/m )
HbA1c (%)
BMI (kg/m2)
HbA1c (%)

Pre-op.

3 mo Post-op.

6 mo Post-op.

12 mo Post-op.

24 mo Post-op.

F value

P value

32.3 ± 5.0
8.1 ± 1.6
31.2 ± 3.5
8.5 ± 1.7

26.6 ± 4.5
6.2 ± 1.0
25.8 ± 3.5
6.2 ± 0.9

25.3 ± 4.1
5.7 ± 0.6
24.3 ± 3.1
5.5 ± 0.7

24.9 ± 4.0
6.1 ± 1.1
24.0 ± 2.9
5.7 ± 0.6

/
/
24.4 ± 2.9
6.2 ± 1.0

33.738
47.506
29.550
41.135

0.000
0.000
0.000
0.000

BMI and HbA1c determined at 3, 6, 12, 24 mo postoperationwere significantly reduced compared with the preoperative baselines. BMI: Body mass index;
HbA1c: Glycosylated hemoglobin; LRYGB: Laparoscopic Roux-en-Y gastric bypass.

Table 4 Diabetes mellitus parameters in patients combined with/without anti-diabetemedications after Laparoscopic Roux-en-Y
gastric bypass surgery n (%)
Preop (n = 77)

HbA1c level
Without anti-diabetes
medications
HbA1c < 7.0%
HbA1c ≤ 6.5%
HbA1c ≤ 6.0%
With anti-diabetes
medications
HbA1c < 7.0%
HbA1c ≤ 6.5%
HbA1c ≤ 6.0%

3 mo postop. (n = 77)

6 mo postop. (n = 77)

6 (7.8)

54 (70.1)

56 (72.7)

12 mo postop. (n = 56)
47 (83.9)

24 mo postop. (n = 33)
26 (78.8)

3 (3.9)
1 (1.3)
0 (0)
71 (92.2)

51 (66.2)
47 (61.0)
34 (44.2)
23 (29.9)

54 (70.1)
49 (63.6)
37 (48.1)
21 (27.3)

45 (80.4)
42 (75)
36 (64.3)
9 (16.1)

22 (66.7)
21 (63.6)
15 (45.5)
7 (21.2)

15 (19.5)
9 (11.7)
4 (5.2)

13 (16.9)
9 (11.7)
3 (3.9)

10 (13.0)
8 (10.4)
3 (3.9)

5 (8.9)
3 (5.4)
3 (5.4)

5 (15.1)
4 (12.1)
1 (3.0)

The percentage of patients who maintained HbA1c (%) < 6.5% without antidiabeticmedicine were 61.0%, 63.6%, 75.0%, and 63.6% after 3, 6, 12, and 24 mo
of surgery. T2DM parameters were significantly improved compared with preoperative baselines. T2DM: Diabetes mellitus; LRYGB: Laparoscopic Rouxen-Y gastric bypass; HbA1c: Glycosylated hemoglobin.

Table 5 Patients with improved diabetes mellitus after laparoscopic Roux-en-Y gastric bypass n (%)
HbA1c level
No. of patients

Preop
(n = 77)

HbA1c < 7.0%
HbA1c ≤ 6.5%
HbA1c ≤ 6.0%

18 (23.4)
10 (13.0)
4 (5.2)

3 mo postop. 6 mo postop. 12 mo postop. 24 mo postop.
P value
(n = 77)
(n = 77)
(n = 56)
(n = 33)
3 mo postop 6 mo postop 12 mo postop 24 mo postop
vs Preop
vs Preop
vs Preop
vs Preop
64 (83.1)
56 (72.7)
37 (48.1)

64 (83.1)
57 (74.0)
40 (51.9)

50 (89.3)
45 (80.4)
39 (69.6)

27 (81.8)
25 (75.8)
16 (48.5)

0.000
0.000
0.000

0.000
0.000
0.000

0.000
0.000
0.000

0.000
0.000
0.000

The resolution of T2DM after 3, 6, 12, 24 mo of surgery was significantly improved compared with preoperative baseline. T2DM: Diabetes mellitus; LRYGB:
Laparoscopic Roux-en-Y gastric bypass; HbA1c: Glycosylated hemoglobin.

reduces gastric jejunum anastomotic tension. Lastly
it can maximize the distance of two closed line, so the
anastomosis has better blood supply.
The surgical technique of side-to-side anastomosis
of gastric lesser curvature and jejunum in LRYGB was
implemented in a total of 77 patients in this study.
No patient was switched to laparotomy and no death
case was existed. 9 patients received the laparoscopic
cholecystectomy at same time during operation. The
mean operation time was declined from 2.6 h to 1.5-2.0
h. The mean volume of blood loss during operation was
decreased from 58.4 mL to 10-30 mL later stage. The
average length of hospital stay was reduced from 5.9 d
to 4.0 d at later stage. No gastrointestinal anastomotic
bleeding, fistula, stenosis and other complications were
observed in whole perioperative duration. All patients did
not occur the surgery - related complications during 6-39
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mo follow up period except one case (1.3%) showing
anastomotic stenosis of gastric jejunum at the sixth
week after operation. Compared with the rate of LRYGB
gastrointestinal anastomotic complications reported
[3-16]
in previous literature
, the surgical technique of
linear cutting closer side to side anastomosis of gastric
lesser curvature and jejunum adopted in this study is
a safe and feasible procedure in clinic. This study also
demonstrates that the operation - related complications
such as new gallbladder stone, iron deficiency anemia
and so on will happen after surgery. The appropriate
medical instructions and follow-up guidance to patients
after surgery are of great importance.
Previous studies disclosed that bariatric surgery
occupied the advantages of long term glycemic
[21-24]
remission for obesity patient with type 2 diabetes
.
[21]
[22]
Schauer et al
and Mingrone et al reported the
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Background

Concomitant disorders in 56 patients were significantly relieved after 12
mo of surgery compared with those before surgery. LRYGB: Laparoscopic
Roux-en-Y gastric bypass.

With the increasing incidence of obesity and type 2 diabetes mellitus (T2DM),
bariatric surgery has becoming more and more popular as a therapeutic
option. At present time, laparoscopic Roux-en-Y gastric bypass (LRYGB) is
generally applied in the treatment of obesity patient with T2DM. Following 20
years clinical practice, the advantages of this surgery in aspects of curative
effectiveness, weight loss, diabetes control and safety are gradually recognized
worldwide and has become a gold standard mode for patients indicated.

effects of bariatric surgery versus conventional medical
therapy for diabetes patients in the prospective,
randomized, controlled studies, which indicated that the
combination of surgical intervention with conventional
medicine would possess the superior therapeutic
effectiveness of blood glucose reduction. This result was
[25]
further confirmed in an additional study of Schauer
by 3 years follow-up. In our study, we provide the
important evidences of bariatric surgery beneficial to
type 2 diabetes management. Gastric bypass surgery is
not only able to decline the blood glucose level in type
2 diabetes, but also can improve the management of
[25-27]
related complications than any medications alone
.
Furthermore, gastric bypass and other bariatric surgery
are capable of alleviating the mortality of diabetes
[28,29]
complications
. This study showed that at the 3, 6,
2
12, 24 mo postoperative, the BMI (kg/m ) were reduced
to 25.8 ± 3.5, 24.3 ± 3.1, 24.0 ± 2.9, and 24.4 ± 2.9
respectively, indicating significant difference compared
to the baseline of 31.2 ± 3.5 determined preoperation,
The BMI would reach to the minimum level within 1
year after surgery. Similarly, the HbA1c (%) levels at
3, 6, 12, and 24 mo after operation were declined to
6.2 ± 0.9, 5.5 ± 0.7, 5.7 ± 0.6, 6.2 ± 1.0 respectively
with significant difference in comparison with the
baseline of 8.5 ± 1.7 pre-operation. The portions of
patients who maintained HbA1c (%) < 6.5% without
antidiabetic medicine achieved 61.0%, 63.6%, 75.0%,
and 63.6% at 3, 6, 12, and 24 mo respectively. In
addition, the improvement of concomitant symptoms,
hyperglycemia, lipid metabolism disorder, hypertension
and fatty liver were comparable to those in LRYGB
patients reported previously.
In conclusion, we have proved in this study that
the side-to-side anastomosis of the lesser curvature of
stomach and jejunum applied with linear cutting closer
in LRYGB is a safe, feasible, and effective therapeutic
option in the treatment of obesity patients with type
2 diabetes and complications. But its long-term effect
requires more cases and long-term observation.
Therefore, the multicenters, larger sample size and
longer observation studies are required to further
confirm the clinical efficacy of LRYGB to the fat diabetic
patients, including the impact on microangiopathy and
nephrosis.
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LRYGB procedure mainly contains 3 processes including gastric pouch
formation, gastrojejunostomy and jejunojejunostomy. Wherein, gastro
jejunostomy is the most critical step because it needs proficient and skilled
surgeon to control the size of anastomosis, which is usually associated
with the occurrence of complications. However, the surgical mode has not
been standardized. Currently, the diverse surgical techniques applied for
anastomosis in LRYGB are circular-stapled gastrojejunostomy (43%), linearstapled gastrojejunostomy (41%), and full hand-sewn (21%) gastrojejunostomy
individually.

Innovations and breakthroughs

In this study, the modified side to side anastomosis of the lesser curvature of
stomach and jejunum was applied with linear cutting closer in LRYGB. It has
three advantages. Firstly, it not only retaines the linear-stapled advantage, but
also easily to standardized, therefore easy to control the anastomosis size,
avoiding the laparoscopic suture operation, such shortened the learning curve.
Secondly, because we use liner-stapled for side to side anastomosis of the
lesser curvature of stomach and jejunum, which insured the width of gastric
pouch, so it is easy to formation narrow and long gastric pouch ,and reduces
gastric jejunum anastomotic tension. Lastly it can maximize the distance of two
closed line, so the anastomosis has better blood supply.

Applications

This study suggests that the modified side to side anastomosis of the lesser
curvature of stomach and jejunum should been applied with linear cutting closer
in LRYGB.

Peer-review

The article is thoughtfully written and has a restricted question it tries to answer.
The authors have been careful about not imposing their techniques as the
standard.
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AIM
To determine whether hepatitis C virus (HCV) core
substitutions play a role in the response to interferon-

8406

October 7, 2016|Volume 22|Issue 37|

Sultana C et al . Core protein mutations in chronic hepatitis C

based treatment in Caucasian patients.

Sultana C, Oprişan G, Teleman MD, Dinu S; HepGen 88/2012
Project Team; Oprea C, Voiculescu M, Ruta S. Impact of hepatitis
C virus core mutations on the response to interferon-based
treatment in chronic hepatitis C. World J Gastroenterol 2016;
22(37): 8406-8413 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i37/8406.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i37.8406

METHODS
One hundred eight HCV chronically infected patients
initiating treatment with pegylated IFN plus ribavirin
for 48 wk were tested for baseline substitutions at
codons 70 and 91 of the viral core protein (BigDye
Terminator vers.3.1, Applied Biosystems,) and for
genetic polymorphisms in host IL28B gene rs12979860
(Custom TaqMan 5' allelic discrimination assay; Applied
Biosystems).

INTRODUCTION
Hepatitis C might become the first curable chronic
disease due the remarkable efficacy of the newly
introduced direct acting antiviral drugs (DAAs).
Interferon-free regimens, based on combinations of
DAAs with pan-genotypic activity, allow for shorter
[1]
courses of treatment without severe side effects .
Nevertheless, the high cost of DAAs continues
to preclude universal replacement of the classic
treatment consisting of PEGylated-interferon and
ribavirin (PEGIFN/RBV). This therapeutic combination
is effective in approximately 50% of hepatitis C virus
(HCV) chronically infected patients, with the response
[2]
rate strongly dependent on the infecting genotype
and correlated with a series of other viral and host
factors, e.g., baseline/on-treatment viral load, liver
[3-6]
fibrosis, host IL28B polymorphisms .
Across the 9.6 kb genome of HCV, several regions
(specifically HVR1, IFN sensitivity-determining region
and an IFN/ribavirin resistance-determining region in
[7,8]
NS5A ) have been extensively analyzed in relation
to treatment outcome, whereas the more conserved
core gene has been mostly used for HCV genotyping
and classification. Nevertheless, the core region has
been reported to antagonize the antiviral response
induced by IFN by interacting with the IFN-activating
[9,10]
and signaling pathways
. Substitutions in certain
less conserved sites of the core region can give rise to
[11]
viral quasispecies resistant to interferon treatment .
Several reports, mainly from Japan, have indicated
that amino acid substitutions in positions 70 and 91
of the core protein are associated with the outcome of
[12,13]
interferon-based therapy
.
Because most of the studies related to these core
mutations have been conducted in Asian populations,
the aim of the present study is to determine whether
HCV core substitutions are present and play a significant
role in the outcome of interferon-based treatment in
Caucasian patients, as well to inform better selection
and prioritization of those patients who can still benefit
from this affordable therapy.

RESULTS
Of the patients, all were infected with HCV genotype
1b, 44.4% had low baseline HCV viral load, and 37.9%
had mild/moderate fibrosis. Only 38.9% achieved
therapeutic success, defined as sustained virological
response (SVR). Eighty-eight percent of the patients
presented at least one substitution at core position 70
(R70Q/H) or/and position 91 (L91M). The favorable
IL28B CC polymorphism was detected in only 17.6%
of the patients. In the univariate analysis, young age
(P < 0.001), urban residence (P = 0.004), IL28B CC
genotype (P < 0.001), absence of core mutations (P =
0.005), achievement of rapid virologic response (P <
0.001) and early virological response (P < 0.001) were
significantly correlated with SVR. A multivariate analysis
revealed three independent predictors of therapeutic
success: young age (P < 0.001), absence of core
substitutions (P = 0.04) and IL28B CC genotype (P <
0.001); the model correctly classified 75.9% of SVR
cases with a positive predictive value of 80.7%.
CONCLUSION
HCV core mutations can help distinguish between
patients who can still benefit from the affordable IFNbased therapy from those who must be treated with
DAAs to prevent the evolution towards end-stage liver
disease.
Key words: Chronic hepatitis C; Caucasian patients;
Core substitutions; IL28B polymorphism; Treatment
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The high cost of the newly introduced direct
acting antivirals precludes universal replacement of
the suboptimal interferon-based therapy for chronic
hepatitis C. Therefore, a series of host- and virusrelated factors are used as prognostic markers of
treatment response. In Asian patients, a newly
described viral factor is represented by amino acid
substitutions in the hepatitis C virus core protein at
positions 70 and 91. The present study confirms that
core substitutions are also found in Caucasian patients
and, together with age and IL28B genotype, can be
used as predictors of the outcome of interferon-based
therapy.
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MATERIALS AND METHODS
Study population

An observational study was conducted on 108 HCV
chronically infected Caucasian patients treated for the
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Table 1 Demographic, clinical and virological characteristics of study patients n (%)
Characteristics
Age (yr), median
Female
Residence urban
Baseline ALT (mg/dL), median
Baseline HCV-RNA (log10IU/mL), median
Mild/moderate fibrosis
Absence of core mutations - DW
RVR (%)
EVR (%)
SVR (%)

Total

IL28B CC

IL28B non-CC

n = 108

n = 19

n = 89

53.5 (22.0-68.3)
64 (59.3)
78 (72.2)
76.5 (16-890)
6.1 (4.15-7.3)
38 (58.5)
13 (12.0)
14 (13.0)
43 (39.8)
42 (38.9)

48.2 (22.1-66.4)
8 (42.1)
17 (87.5)
103 (16-890)
6.2 (4.15-7.2)
9 (69.23)
6 (31.6)
7 (36.8)
16 (84.2)
17 (89.5)

53.8 (22.1-68.3)
56 (62.9)
61 (68.5)
74 (17-256)
6.1 (4.15-7.3)
29 (55.8)
7 (7.9)
7 (7.9)
27 (30.3)
25 (28.1)

P value
0.137
0.094
0.090
0.031
0.333
0.470
0.011
0.003
< 0.001
< 0.001

HCV: Hepatitis C virus; DW: Double wild-type; SVR: Sustained virological response; EVR: Early virological response; RVR: Rapid virologic response.

Genetic polymorphism in the IL28B gene (rs12979860)

first time with a combination of PEGylated IFN-a2a (180
μg per week) or PEGylated IFN-a2b (1.5 μg/kg per
week) plus ribavirin (1000 or 1200 mg, dependent on
body weight) in two tertiary care facilities in Bucharest,
Romania. All patients met the following inclusion
criteria: 18-65 years of age, detectable HCV viremia,
and previously untreated. The exclusion criteria were:
HBV or HIV co-infections’ malignancies; coexistent
liver disease of other etiology; organ recipients,
clinically significant pulmonary, renal, cardiovascular
or hematological diseases; current pregnancy and
lactation. Each patient provided informed consent and
the Bioethics Committee of the Institute of Virology
approved the study.

Genetic polymorphism in the IL28B gene (rs12979860)
was investigated using Custom TaqMan 5’ allelic
discrimination assay (Assays-by-DesignSM Service
for SNP Genotyping Assays, Applied Biosystems,
United States) and running a real time PCR on an ABI
7300 instrument with primers and fluorescent probes
predesigned by the manufacturer and interpreted using
SDS software from Applied Biosystems Inc., United
States.

Liver fibrosis

Liver fibrosis was assessed using a noninvasive method
- transient elastography (FibroScan™) - that discrimi
nated between mild/moderate fibrosis (F1 + F2) and
advanced fibrosis (F3 + F4) by assigning a value of liver
[17]
stiffness lower or higher than 9.5 kPa .

Measurement of HCV-RNA

HCV-RNA was performed at baseline, weeks 4 and 12
of treatment and 24 wk after treatment completion
using COBAS AmpliPrep/COBAS TaqMan Quantitative
Test, version 2.0 (Roche Diagnostics GmbH, Germany)
with a linear range of HCV-RNA quantification between
15 and 100000000 IU/mL. Rapid virologic response
(RVR) was defined as undetectable HCV-RNA at week
4 of treatment. Early virological response (EVR) was
defined as undetectable HCV-RNA at week 12 of
treatment, and sustained virological response (SVR)
was defined as undetectable HCV-RNA 6 mo after
treatment completion.

Statistical analysis

Statistical analysis performed with IBM SPSS Statistics
version 20. Univariate analysis was performed for
both categorical and continuous variables; P values
were calculated using the independent samples Mann2
Whitney U test for continuous variables and Pearson χ
or Fisher’s exact test for categorical variables. Variables
with statistical significance (P < 0.05) in the univariate
analysis were introduced into a multivariate logistic
regression model.

Viral genotyping and detection of substitutions at
codons 70 and 91 in core protein

RESULTS
Characteristics of patients and response to treatment

Viral RNA was extracted from 140 µL serum using
a commercial kit (QIAamp Mini Viral Kit, Qiagen).
Reverse transcription was performed as described
[14]
previously
and the cDNA was used in a seminested PCR yielding a 422 bp amplicon spanning the
[14,15]
HCV core region
. The amplicons were sequenced
(BigDye Terminator v3.1 and 3130 Genetic Analyzer,
Applied Biosystems) and the resulting sequences were
[16]
edited with BioEdit version 7.0.5.3
and used for
genotyping (NCBI BLAST) and to assess the presence
of substitutions at positions 70 and 91 in the core
protein.
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Patients’ characteristics are summarized in Table 1.
The median baseline HCV-RNA was 6.1 log10IU/mL.
Of the 108 patients, 44.4% had a baseline HCV viral
load lower than 600000 IU/mL (5.8 log10IU/mL) and
37.9% had mild or moderate fibrosis. All patients
were infected with HCV genotype 1b. Only 38.9% (42
patients) achieved SVR, and modest percentages had
prompt responses during therapy: 13% had RVR and
39.8% had EVR.
The favorable IL28B CC genotype was detected
in only 17.6% of the patients, and had no significant
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Table 2 Patients characteristics related to core mutation type, univariate analysis
Patients with
DW-type infection
n = 13

Patients with R70Q/H
and/or L91M
substitutions n =95

Patients with
L91M substitution
n = 40

Patients with R70Q/H
substitution n = 8

P value1

51.5
(29.1-66.54)

53.6
(22.1-68.3)

53.3
(24.4-67.3)

50
(33.8-58.8)

Gender
Female (%)

7 (53.8)

57 (60)

22 (55)

5 (62.5)

Residence
Urban (%)

11 (84.6)

67 (70.5)

33 (82.5)

5 (62.5)

94
(3-235)

76
(16-890)

78
(17-890)

67
(54-197)

6.25
(4.15-6.9)

6.05
(4.15-7.3)

6.05
(4.1-7.3)

6.3
(5.2-7.1)

Mild/moderate fibrosis (F1 + F2, %)

4 (57.1)

34 (58.6)

14 (58.3)

4 (57.14)

IL28B CC (%)

6 (46.2)

13 (13.7)

8 (20.0)

1 (12.5)

RVR (%)

6 (46.2)

8 (8.4)

4 (10.0)

0 (0.0)

EVR (%)

10 (76.9)

33 (34.7)

15 (37.5)

3 (37.5)

SVR (%)

10 (76.9)

32 (33.7)

15 (37.5)

2 (25.0)

a = 0.607
b = 0.694
c = 0.860
a = 0.767
b = 1.000
c = 1.000
a = 0.509
b = 1.000
c = 0.325
a = 0.592
b = 0.849
c = 1.000
a = 0.966
b = 1.000
c = 0.414
a = 0.881
b = 0.925
c = 0.283
a = 0.011
b = 0.080
c = 0.174
a = 0.002
b = 0.009
c = 0.005
a = 0.005
b = 0.024
c = 0.164
a = 0.005
b = 0.024
c = 0.032

Characteristics

Age (yr)
median

Baseline ALT (mg/dL)
median
Baseline HCV-RNA (log10IU/mL),
median

1

P value symbols a, b, c: cases from each category type of viral substitutions (columns 3, 4, 5) vs cases without viral mutation [double wild-type (DW)-type column 2]. HCV: Hepatitis C virus; SVR: Sustained virological response; EVR: Early virological response; RVR: Rapid virologic response.

correlation with patients’ demographic characteristics
(age, gender, urban residence; Table 1).
Patients with IL28B genotype CC had the highest
therapeutic success rates than those with TT or CT
genotypes for the following outcomes: RVR (36.8% vs
7.9%, OR = 6.8, P = 0.003); EVR (84.2% vs 30.3%,
OR = 12.2, P < 0.001), and SVR (89.5% vs 28.1%,
OR = 21.8, P < 0.001).

(76.9% vs 25.0%; OR = 12, P = 0.032). Furthermore,
looking simultaneously at both mutation sites,
patients infected with HCV DW-type strains obtained
SVR significantly more frequently than patients with
substitution at any 70 or 91 positions (76.9% vs
33.7%, P = 0.032; OR = 6.6, P = 0.005).
No significant differences related to demographic
characteristics or virological parameters (HCV viremia,
ALT, liver fibrosis) were detected between the patients
infected with DW-type strains and those with R70Q/H
and L91M substitutions (Table 2).

Impact of core mutations on the treatment response

According to the sequencing results, only 12% of the
patients were infected with double wild-type (DW)
strains - defined as presence of arginine (R) and
leucine (L) at core position 70 and 91, respectively while the rest had glutamine/histidine at position 70
(R70Q/H), or/and methionine at position 91 (L91M).
Of the patients, R70Q/H substitution was present
in viral isolates infecting 7.4%, and L91M was
observed in 37%, while patients displaying both
mutations represented 43.5% of the study population.
The presence of any substitutions at positions 70
and 91 of the core protein was associated with lower
rates of RVR, EVR, and SVR (Table 2). Patients infected
with DW-type strains obtained SVR more frequently
than patients with R70Q/H substitution (76.9% vs
37.5%, OR = 5.6, P = 0.032), or L91M substitution
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Predictive factors for treatment success

In the univariate analysis, young age, urban residence,
IL28B CC genotype, absence of core mutations and
achievement of RVR and EVR were significantly
correlated with the rate of therapeutic success, defined
as SVR (Table 3).
Direct logistic regression was performed to assess
the impact of different viral and host factors on the
likelihood of achieving SVR, and the overall model
contained all predictors with statistically significance
in the univariate analysis. In the multivariate analysis,
young age (less than 50 years old), absence of
any type of core mutations, and presence of IL28B
CC genotype were independently associated with
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Table 3 Predictive factors for sustained virological response, univariate analysis n (%)
Variable
Age (yr), median
Female gender
Urban residence (%)
Baseline ALT (mg/dL), median
Baseline HCV-RNA, median
Mild/moderate fibrosis
IL28B type CC (%)
Absence of core mutations - DW
Presence of any core mutation, (%)
Viral mutation in core 91 only (%)
Viral mutation in core 70 only (%)
RVR (%)
EVR (%)

SVR n = 42

No SVR n = 66

48.1 (22.1-68.3)
22 (52.4)
37 (88.1)
79 (16-890)
6.2 (4.15-7.3)
18 (75.0)
17 (40.5)
10 (23.8)
32 (76.2)
15 (60.0)
2 (16.7)
13 (31.0)
37 (88.1)

54.7 (22.1-67.3)
42 (63.6)
41 (62.1)
75 (17-231)
6.2 (4.8; 7.3)
20 (48.8)
2 (3.0)
3 (4.5)
63 (95.5)
25 (84.3)
6 (66.7)
1 (1.5)
6 (9.1)

P value
< 0.001
0.246
0.004
0.688
0.167
0.107
< 0.001
0.005
0.005
0.024
0.032
< 0.001
< 0.001

HCV: Hepatitis C virus; DW: Double wild-type; SVR: Sustained virological response; EVR: Early virological response; RVR: Rapid virologic response.

CC genotype can explain, at least in part, the low rate
of virological response, but a series of others factors
must be taken into consideration: questionable or
inconsistent patient adherence to treatment, presence
of adverse events that could determine temporary
treatment interruptions (none were acknowledged
by the study patients), and preexisting mutations in
other genomic regions that could render the virus
less susceptible to the prescribed drugs. In this study,
core protein substitutions at positions 70 and 91 were
present in viral isolates infecting 88% of the patients
and linked with a significantly decreased probability of
achieving SVR.
There has been increased evidence that substitutions
at position 70 in the core protein are found regularly in
Asian HCV 1b infected patients, with the mutant clone
R70Q detectable even in newly infected people and no
distinguishing characteristics for the mutant strain in
[20]
terms of viral fitness or demographic distribution .
Studies investigating HCV core mutations in Caucasian
patients are scarce, but two studies of very limited
numbers of patients have suggested an association
[21,22]
between R70 and an increased response to therapy
.
In our study, we detected high rates of core
protein substitutions at positions 70 and 91 in 108
Caucasian patients infected with HCV subtype 1b;
these substitutions had no significant association
with viral load, but were significantly associated with
a low therapeutic success rate. Our results are in
accordance with previous reports that indicated an
absence of substitutions at positions 70 and 91 in
core protein as a significant predictor for the success
[12,21,22]
of IFN-based therapy
. These results have also
[23]
been confirmed in vitro; Funaoka et al
evaluated
the effect of interferon-alpha on HCV core mutants
(R70Q/H and L91M) in terms of viral replication and
response to treatment and found a significantly higher
degree of IFN resistance compared to the wild-type
virus, associated with decreased expression of the
IFN-stimulated genes. The proposed hypothesis for
the interferon resistance of core mutants was related
to the inhibition of the interferon signaling pathway,

Table 4 Multivariate analysis on independent predictive
factors for sustained virological response
Variable
Age (< 50 yr)
Absence of core mutations
IL28B polymorphism

Adjusted OR

95%CI

P value

0.976
4.710
19.200

0.967-0.986
1.10-21.30
4.05-91.40

< 0.001
0.04
< 0.001

achieving SVR (Table 4).
This multivariate model correctly classified 75.9%
of cases with a positive predictive value of 80.7%.

DISCUSSION
We report that the absence of substitutions in core
positions 70 and 91 is a good predictor for achieving
SVR after PEG-IFN/RBV treatment in Caucasian
patients; together with IL28B polymorphisms and
age, this absence can be used to stratify HCV-infected
patients according to the likelihood of response to a
currently suboptimal, but affordable, interferon-based
therapy.
The success rate of IFN-based therapy was rather
low in the present cohort, despite the fact that several
baseline predictors suggested a promising patient
profile (relatively young age (median: 53.5 years),
low baseline HCV viral load in half of the cases, and
minimal fibrosis in more than one-third of the cases).
Nevertheless, the on-treatment viral kinetic response
was modest, with a minority of patients achieving
undetectable viral replication after 4 wk of therapy.
An analysis of IL28B polymorphism rs12979860, the
most important predictor of SVR in patients without
[18]
RVR , revealed that non-CC IL28B genotypes were
predominant (82.4%). These variants are associated
with endogenous activation of the innate immune
responses, higher baseline expression levels of IFNstimulated genes, and a constant activation of the IFN
signaling pathway that renders patients unresponsive
[18,19]
to IFN treatment
. The exclusive presence of
subtype 1b and the low prevalence of the favorable
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potentially involving SOCS3 (suppressor of cytokine
signaling). These proteins are stimulated by various
cytokines including IL6, which was upregulated in
cells transfected with a core mutant. This mechanism
can be observed in vivo as well, as chronically HCV
infected patients have increased levels of inflammatory
[24]
cytokines, including IL-6 and TNF-alpha .
Another interesting mechanism that might explain
the role of core substitutions in interferon resistance is
their potential influence on the expression of minicore
proteins- isotypes of the normal core protein, that lack
[25]
an N-terminal segment . Two important minicore
proteins terminate in the vicinity of amino acids 70
and 91; consequently, any structural changes in these
amino acids can alter the expression of minicore
proteins and implicitly the HCV functioning and IFN
[11]
sensitivity .
To our knowledge, this is one of the first studies
conducted on Caucasian patients that extend and
confirm the results obtained in Asian populations
related to the impact of amino acid substitution in the
HCV core region on treatment response. Although
our study does not involve a very large number of
patients, further sampling is unlikely, as the clinical
facilities investigated in this study treat subjects
from all over the country. Performing mathematical
modeling of the cost-effectiveness of sequencing for
HCV core mutations would be beneficial. Although the
cost of this test may be rather high, it is significantly
lower than the prohibitive cost of DAAs. Several recent
studies have attempted to provide an estimate on
the cost-effectiveness of interferon-free regimens
(assuming a price of $100000 and a success rate of
90%). Their results support a delay in treatment for
[26-28]
patients with mild degrees of fibrosis
. As such,
the potentially beneficial role of core sequencing
in selecting patients from this subclass who are
responsive to interferon-based therapy may outweigh
the potential price limitation. This is particularly true
for at this time, when there is a constant need for
ethical, evidence-based criteria for the prioritization
of interferon-free treatment in countries that cannot
yet afford the universal introduction of the new highly
active antivirals. In addition, there have been reports
that HCV core substitutions can also predict the
primary outcomes of therapy using first generation
[29]
protease inhibitors
and that the IL28B genotype
is furthermore predictive of the response to triple
[30]
therapy in patients infected with HCV genotype 1 .
Consequently, future studies will be needed to extend
our results to patients treated with the novel categories
of antivirals recently introduced for the treatment of
HCV chronic infection.
Moreover, recent studies have also indicated that
HCV core substitutions are involved in the progression
of chronic hepatitis C to hepatocellular carcinoma
[31]
(HCC) . The R70Q variant has been associated
[32-34]
with an increased malignancy risk
, while the
[11]
implication of core 91 substitution was dubitable . A
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very recent study using deep-sequencing reported that
the presence of baseline HCV strains harboring more
than 42% non-R70 quasispecies or more than 98.5%
non-L91 mutants was associated with an increased
[35]
HCC risk . As long as the residual risk for HCC
development in compensated cirrhotic patients with
SVR after IFN treatment remains quite high (3.4% at
[36]
5 years and 23.7% at 20 years ), the impact of core
mutations on the transforming capacity of HCV core
protein is worth studying.
In conclusion, this study reports absence of
core genomic mutations associated with IL28B CC
polymorphism as prognostic markers for a favorable
outcome in HCV chronically infected Caucasian
patients treated with interferon-based regimens. Core
genomic mutations can be used to tailor treatment and
distinguish between those patients who can respond
to the affordable bi-therapy and those who must
be urgently treated with DAAs to prevent evolution
towards end-stage liver disease or HCC.
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COMMENTS
COMMENTS
Background

Interferon-free regimens, based on combinations of direct acting antivirals
(DAAs) with pan-genotypic activity, have a remarkable efficacy and might
transform hepatitis C into a curable chronic disease. Nevertheless, the high
cost of DAAs still precludes the universal replacement of the classic PEGylatedinterferon and ribavirin therapy (PEG-IFN/RBV) that is dependent on a series
of host and viral factors. In Asian patients, a newly described viral factor
influencing the outcome of bi-therapy treatment is represented by amino acid
substitutions in hepatitis C virus (HCV) core protein positions 70 and 91.

Research frontiers

There is very scarce information on the presence and significance of HCV core
substitutions in Caucasian populations. Nevertheless, a number of studies have
indicated that amino acid substitutions in the core protein play an important
role in the very early dynamics of viral replication during bi-therapy and triple
therapy of chronic hepatitis C as well as in the evolution toward hepatocellular
carcinoma.
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Innovations and breakthroughs

7

This is one of the first studies confirming that HCV core substitutions are
not specific to the Asian population, being also found in Caucasian patients.
Moreover, it demonstrates that absence of core genomic mutations, together
with young age and IL28B CC genotype, is a prognostic marker for favorable
outcome in chronic HCV-infected Caucasian patients treated with PEG-IFN/
RBV.

8

Applications

The research hotspot is the identification of a new viral factor that can help
distinguish between patients who can still benefit from the affordable IFNbased therapy from those who must be urgently treated with DAAs to prevent
the evolution towards end-stage liver disease. This is an important practical
instrument in countries with developing economies that cannot afford universal
introduction of DAA because it can facilitate the prioritization of patients who
will benefit from less expensive therapeutic regimens. Further application of
these results can be derived from the recently reported role of core substitution
in the progression of HCV infection to hepatocellular carcinoma. As long as a
residual risk for HCC development persists even in patients successfully treated
with interferon or with IFN-free regimens, the impact of core mutations on the
transforming capacity of the HCV core protein is worth studying.

9

10
11

Terminology

12

Peer-review

13

HCV core gene is a conserved part of the viral genome that is mostly used
for HCV genotyping and classification. Nevertheless, the core region can
antagonize the antiviral response induced by IFN, interacting with the IFNactivating and signaling pathways. Substitutions in less conserved sites
(positions 70 and 91 in the core region) can contribute to resistance to
interferon treatment.

The manuscript is very well written and clearly states its aims and conclusions.
It looks overall good with some limitations of low number of patients and low
SVR. Questions were raised concerning the cost of core mutations testing.
A paragraph responding to the study limitations and the necessity of core
sequencing cost effectiveness evaluation was added by the authors in the
revised version.
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AIM
To define good and poor regression using pathology
and magnetic resonance imaging (MRI) regression
scales after neo-adjuvant chemotherapy for rectal
cancer.
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METHODS
A systematic review was performed on all studies
up to December 2015, without language restriction,
that were identified from MEDLINE, Cochrane
Controlled Trials Register (1960-2015), and EMBASE
(1991-2015). Searches were performed of article
bibliographies and conference abstracts. MeSH and text
words used included “tumour regression”, “mrTRG”,
“poor response” and “colorectal cancers”. Clinical
studies using either MRI or histopathological tumour
regression grade (TRG) scales to define good and poor
responders were included in relation to outcomes [local
recurrence (LR), distant recurrence (DR), disease-free
survival (DFS), and overall survival (OS)]. There was
no age restriction or stage of cancer restriction for
patient inclusion. Data were extracted by two authors
working independently and using pre-defined outcome
measures.
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RESULTS
Quantitative data (prevalence) were extracted and
analysed according to meta-analytical techniques using
comprehensive meta-analysis. Qualitative data (LR, DR,
DFS and OS) were presented as ranges. The overall
proportion of poor responders after neo-adjuvant chemoradiotherapy (CRT) was 37.7% (95%CI: 30.1-45.8).
There were 19 different reported histopathological scales
and one MRI regression scale (mrTRG). Clinical studies
used nine and six histopathological scales for poor and
good responders, respectively. All studies using MRI
to define good and poor response used one scale. The
most common histopathological definition for good
response was the Mandard grades 1 and 2 or Dworak
grades 3 and 4; Mandard 3, 4 and 5 and Dworak 0, 1
and 2 were used for poor response. For histopathological
grades, the 5-year outcomes for poor responders were
LR 3.4%-4.3%, DR 14.3%-20.3%, DFS 61.7%-68.1%
and OS 60.7-69.1. Good pathological response 5-year
outcomes were LR 0%-1.8%, DR 0%-11.6%, DFS
78.4%-86.7%, and OS 77.4%-88.2%. A poor response
on MRI (mrTRG 4,5) resulted in 5-year LR 4%-29%,
DR 9%, DFS 31%-59% and OS 27%-68%. The 5-year
outcomes with a good response on MRI (mrTRG 1,2 and
3) were LR 1%-14%, DR 3%, DFS 64%-83% and OS
72%-90%.

and histopathological scales. World J Gastroenterol 2016;
22(37): 8414-8434 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i37/8414.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i37.8414

INTRODUCTION
Rationale

The multidisciplinary treatment of rectal cancer has
markedly improved and led to better patient outcomes
[1]
over the last three decades . The reasons for this are
multifactorial, but one important factor is the use of
[2]
neo-adjuvant or adjuvant therapies .
The degree of primary tumour regression following
neo-adjuvant therapy, identified on final histopathological
[3,4]
specimens, has been shown to be a prognostic factor .
The variation in response allows clinicians to riskstratify patients after surgery, which may help in postoperative decisions, such as who to treat with adjuvant
chemotherapy and the intensity of follow-up.
Clinical studies use a number of different tumour
regression grade (pTRG) scales to classify the degree of
tumour response to neo-adjuvant chemo-radiotherapy
(CRT). This often results in confusion as to whether
a good or poor response has been achieved, with
subsequent uncertainty regarding treatment and
prognostic implications. This problem was highlighted
[1]
by MacGregor et al who stressed the importance of a
universally accepted standard.
There has been no review of the reported pTRG
scales to date. It is necessary to highlight the hete
rogeneity in these scales, in order to consolidate the
current definitions with the purpose of converging
towards a set of consensus definitions.
A newer method of assessing tumour regression
relies on MRI (mrTRG), which has been validated as
a prognostic tool. This may supercede pTRG, as it has
the advantage of assessing tumour response before
surgery. As such, it has the potential for enabling
response-orientated tailored treatment, including
alteration of the surgical planes, additional use of
[5-7]
chemotherapy, or deferral of surgery .

CONCLUSION
For histopathology regression assessment, Mandard 1,
2/Dworak 3, 4 should be used for good response and
Mandard 3, 4, 5/Dworak 0, 1, 2 for poor response. MRI
indicates good and poor response by mrTRG1-3 and
mrTRG4-5, respectively.
Key words: Tumour regression; mrTRG; Poor response;
Neo-adjuvant therapy; Rectal cancer
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The degree of primary tumour regression
following neo-adjuvant therapy identified on final
histopathological specimens is a prognostic factor and
response variation has allowed risk stratification, aiding
in post-surgical treatment and follow-up decisions.
To do this effectively, we need to have a common
language for defining good and poor response.
Definitions of response using histopathology scales are
heterogenous with 19 different scales. There is one
pre-operative magnetic resonance imaging (MRI) scale.
Outcomes of recurrence and survival histopathology
regression assessments should use Mandard 1, 2/
Dworak 3, 4 for good response and Mandard 3, 4,
5/Dworak 0, 1, 2 for poor response. MRI indicates
good and poor response by mrTRG1-3 and mrTRG4-5,
respectively.

Objective

This article investigates all the pathology tumour
regression scales used to define good and poor
response after neo-adjuvant chemotherapy for rectal
cancer, to establish the true prevalence of poor
responders and to identify the best scales to use in
relation to outcomes.

MATERIALS AND METHODS
Protocol and registration

The title, methods and outcome measures were
stipulated in advance and the protocol is available in
[8]
the PROSPERO database .

Siddiqui MRS, Bhoday J, Battersby NJ, Chand M, West
NP, Abulafi AM, Tekkis PP, Brown G. Defining response to
radiotherapy in rectal cancer using magnetic resonance imaging
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Types of studies

1935 and December 2015. Relevant articles referenced
in these publications were obtained and the “related
article” function was used to widen the results. This was
complemented by hand searches and cross-references
from papers identified during the initial search. No
language restriction was applied.

All clinical, histopathological and imaging studies that
define or attempt to define good and poor responders
after neo-adjuvant therapy for colorectal cancers were
identified. Included studies were those investigating
rectal cancer response to neo-adjuvant therapy in
corporating chemotherapy, radiotherapy or chemoradiotherapy with different protocols. All clinical studies
were chosen that defined good and poor response in
relation to TRG or degree of response according to
histopathology using terms such as “poor response”,
“minor response”, “less response”, “good response”,
“major response” or “more response”.

Searches

The text words “preoperative”, “neo-adjuvant”, “tumour
regression”, “poor responder”, “good responder”,
“regression grading”, “regression grade” and “rectal
cancer” were used in combination with the medical
subject headings “adjuvant combined modality
therapy” and “rectal cancer”. Irrelevant articles not
fulfilling the inclusion criteria were excluded.

Types of participants

All rectal cancer patients treated with long course
radiotherapy or an interval period to surgery were
selected for this review. All sensitizing chemotherapy
protocols were included. Any surgical resection was
included. Studies were also included with any postoperative adjuvant practice.

Study selection and data collection process

Each included article according to our review criteria
was reviewed by two researchers (MRSS and JB).
Where more specific data or missing data was required,
the authors of the manuscripts were contacted.
Data was entered onto an Excel worksheet and
compared between authors. Any disagreements that
arose between the reviewers were resolved through
discussion, and if no consensus could be reached a third
author (GB) would decide.

Exclusion criteria

Excluded studies were those that did not specifically
state whether a response was good or poor, or that
qualify it with some form of inference in the paper.
Further exclusions were for: non-conventional
deliveries of neo-adjuvant therapy, such as endo-rectal
brachytherapy; trans-anal endoscopic microsurgery
(commonly known as TEMS) and local excisions; and,
when the reporting scale was in obvious contradiction
[9]
with the order given in the original studies .

Data items

Data were extracted that related to the definition of
good and poor response according to the TRG scales
reported in clinical, histopathological and imaging
studies. The ranges of permutations of each TRG scale
to define good or poor response were also documented
and the most commonly used definitions identified.
The primary hypothesis was proven by examining all of
the studies on response to neo-adjuvant therapy and
there is a single definition (which may include other
scales) that consistently differentiates between good
and poor responses as defined by local recurrence (LR),
distant recurrence (DR), disease-free survival (DFS)
and overall survival (OS).

Types of variable of interest

The original papers reporting the various pTRG scales
were identified and articles that used the scales in
clinical, pathological and MRI studies were used in the
current study.

Hypotheses and types of outcome measures

The primary hypothesis was that there is an optimal
histopathological TRG scale that appropriately dis
tinguishes between good and poor response. The
secondary hypothesis was that the mrTRG scale dif
ferentiates between good and poor response. This
was investigated by first reviewing the clinical studies
examining the response of rectal cancer to neoadjuvant therapy. These studies were used to show
the range of definitions of good and poor response
according to histopathology and MRI. This was then
utilised to identify the optimal scale for identifying
good and poor response after neo-adjuvant therapy
for rectal cancer based on recurrence and survival
outcomes.

Risk of bias and quality assessment

Quality assessment and risk of bias was not formally
assessed due to the exploratory nature of this
review. Validity of other studies was benchmarked
to studies that identified a significant difference.
Clinical heterogeneity can be seen in the table of
characteristics presented as table 1.

Summary measures and data synthesis for summative
and comparative meta-analyses

As part of assessing overall prevalence of poor res
ponders, cumulative meta-analytical techniques were
used. Analyses were performed using Comprehensive
Meta-Analysis 2006 (Version 2, Biostat, Englewood,
[10]
NJ, United States) for Windows 10 . In a sensitivity
analysis, 0.5 was added to each cell frequency for

Information sources

The Cochrane library, CENTRAL, EmBase, CINAHL and
PubMed databases were searched between January
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Table 1 Characteristics of studies reporting on good or poor response based upon histopathology
Ref.

Year

Chemotherapy protocol Radiotherapy
with radiotherapy
protocol (Gy)

Gambacorta et al[21]

2004

Ralitrexed

50.4

Pucciarelli et al[28]

2004

45-50.4

Beddy et al[17]
Giralt et al[22]

2008
2008

Horisberger et al[24]
Suárez et al[31]

2008
2008

Fluorouracil, leucovorin
carboplatin, oxaliplatin
Fluorouracil
Tegafir uracil,
leucovorin
Capecitabine, irinotecan
Fluoropyridine-based

Bujko et al[18]

2010

Fluorouracil, leucovorin

50.4

Avallone et al[13]

2011

45.0

Eich et al[19]

2011

Fluorouracil, levofolinic acid, ralitrexed,
oxaliplatin
Fluorouracil

Min et al[27]
Shin et al[30]
Huebner et al[25]
Lim et al[26]

2011
2011
2012
2012

50.4
25-50.4

Roy et al[29]

2012

Vallböhmer et al[32]
Winkler et al[33]
Elezkurtaj et al[20]
Hermanek et al[23]

2012
2012
2013
2013

Fluorouracil, leucovorin
Fluorouracil
Fluorouracil
Capecitabine,
fluorouracil, leucovorin
Capecitabine,
fluorouracil
Fluorouracil
Capecitabine, oxaliplatin
Fluorouracil

Fokas et al[14]

2014

Fluorouracil

50.4

APR/AR/
Hartmann’s
APR/AR

Santos et al[16]
Hav et al[15]

2014
2015

Fluorouracil
Fluorouracil, cetuximab,
oxaliplatin

50.4
25-45

APR/AR
AR/Hartmann’s

45-50
45 + 9 boost
50.4
50.4

50.4

44-46+4.6
boost
45-50
50.4
45-50.4
50.4

Surgical
procedures

TME

Time to
surgery (wk)

Cancer stage pre
neo-adjuvant
therapy

Adjuvant
therapy

APR/AR/ColAnal resection/
Stoma
APR/AR/
Hartmann’s
APR/AR
APR/AR

Y

6-8

Stage 2 or 3

Y

Y

2-8

T2/3/4, N0/1/2

Y

Y
Y

4-6

T3/4, N1/2
T3/4, N0/1/2

Y

APR/AR/stoma
APR/AR/
Hartmann’s
APR/AR/
Hartmann’s
APR/AR/Stoma

Y
Y

4-7
6

T2/3/4, N+
Stage 2 or 3

Y

Y

4-6

Stage 2 or 3

Y

Y

<8

T3/4, N0/1/2

Y

APR/AR/TEMS/
Intersphincteric
Surgery
APR/AR
APR/AR/Pan
APR/AR
Radical
Proctectomy

Y

4-6

Stage 1,2 or 3

Y

Y

6
4-6

T3/4, N0/1/2
T3/4
T1/2/3/4, N0/1/2
T3/4, N+

Y
Y

T1/2/3/4, N0/1/2

Y

T3/4, N0/1/2
Stage 2 or 3

Y

APR/AR

Y
Y

4-6

Y
Y
Y
Y

4-6
4-6

Y

4-6

Y
Y

<8
6-8

Y
T3/4 or any T and
N+
T2N+ or T3/4
T3/4 or any T and
N+

Y
Y

APR: Abdominoperineal resection; AR: Anterior resection; Pan: Panproctocolectomy; Col-Anal: Colorectal and anal resection; TME: Total mesorectal
excision; Gy: Gray.

trials in which no event occurred, according to the
[11]
method recommended by Deeks et al
and was not
considered to affect the overall result necessitating
[12]
the Peto method . Where only a single patient was
present in any of the groups, this was excluded due to
the excessive effect of zero cell correction. Outcomes
were reported as event rates. Forest plots were used for
the graphical display.

reported 25 definitions for poor response in accordance
[13-33]
with the TRG
. Of these, 16 articles also defined
good response. Table 1 shows the characteristics of
individual studies.

Qualitative and quantitative syntheses

Histopathological methods of classifying regres
sion: There were 19 TRG scales reported across
[18,25,34-51]
the studies
(table 2). Only one TRG system
[36]
incorporated whether a response was poor or good
and used a categorical TRG scale based on the one
[35]
described by Dworak et al .

Publication bias

For the outcome of prevalence, publication bias was
assessed using funnel plots. We used the plots to
subjectively assess asymmetry and conducted an
Egger test for quantitative assessment.

Which scales are used to define poor response using
histopathological methods?

[18,25,34-36,38,40,43,44,46]

From the search, nine scales
were used in 25 reports (21 articles) to define poor
[13-33]
response
. From these 25 reports, the nine scales
were used in different combinations to produce 16
individual definitions of poor response (table 3).

RESULTS
Study selection and characteristics
There were 328 references. Full texts of 85 papers were
reviewed. Overall, 21 articles were of relevance and
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TRG scale

Table 2 Summary of histopathological tumour regression
grade scales available in the literature for rectal cancer after
neo-adjuvant treatment
TRG scale
0
1
2
3
4
5
TRG scale
0
1
2
3
4
5
TRG scale
0
1
2
3
4
5
TRG scale
0
1
2
3
4
5
TRG scale
0
1
2

3
4
5
TRG scale
0
1
2
3
4
5
TRG scale
0
1
2
3
4
5

0
1
2
3

Mandard
(Low no. - More regression)[43]

4

Complete regression - absence of residual cancer and
fibrosis
Presence of rare residual cancer
An increase in the number of residual cancer cells, but
predominantly fibrosis
Residual cancer outgrowing fibrosis
Absence of regressive changes
Modified Mandard (Ryan)
(Low no. - More regression)[37]

TRG scale
0
1
2
3
4
TRG scale
0
1
2

TRG 1 and 2 of the Mandard scale
TRG 3 of the Mandard scale
TRG 4 and 5 of the Mandard scale

3
Werner and Hoffler
(Low no. - More regression)[41]

4
TRG scale

0% viable tumour cells
< 10% viable tumour cells
10%-50% viable tumour cells
> 50% viable tumour cells
No regression
Dworak
(Low no. - Less regression)[35]
No regression
Dominant tumour mass with obvious
fibrosis and/or vasculopathy
Dominant fibrotic change with few
tumour cells or groups(easy to find)
Very few tumour cells in fibrotic tissue with or without
mucous substance
No tumour cells, only fibrotic mass (total regression or
response)

0
1
2
3
4
TRG scale
0
1
2
3
4
TRG scale

Modified Dworak
(Low no. - Less regression)[38]
No regression
Regression ≤ 25% of tumour mass (dominant tumour
mass with obvious fibrosis and/or vasculopathy)
Regression > 25%-50% of tumour mass (dominantly
fibrotic changes with few tumour cells of groups, easy to
find)
Regression > 50% of tumour mass (very few tumour
cells in fibrotic tissue with or without mucous substance)
Complete (total) regression (or response): no vital
tumour cells

0
1
2

3

4
TRG scale

AJCC 7th Edition[48]

0
1a
1b
2
3
TRG scale

Complete-no viable cells present
Moderate-single cells/small groups of cancer cells
Minimal-residual cancer outgrown by fibrosis
Poor-minimal or no tumour kill, extensive residual
cancer

0
1
2
3a
3b
4
TRG scale

Memorial Sloan-Kettering (Low no. - Less regression)[47]
0%-85% regression
86-99% regression
100% regression
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Cologne
(Low no. - Less regression)[40]
> 50 % Viable rectal tumour cells
10%-50% Viable rectal tumour cells
Near complete regression with < 10% Viable rectal
tumour cells
Complete regression (pathologic complete remission and
ypT0)
Bujko/Glynne Jones
(Low no. - More regression)[18,44]
No cancer cells
A few cancer foci in less than 10% of tumour mass
Cancer seen in 10%-50% of tumour mass
Cancer cells seen in more than 50% of tumour mass
College of American Pathologists[50]
Complete response: No residual tumour
Marked response: Minimal residual cancer
Moderate response: Residual cancer outgrown by
fibrosis
Poor or no response: Minimal or no tumour kill;
extensive residual cancer
RCPath system
(Low no. - More regression)[42]
No residual cells and/or mucus lakes only
Minimal residual tumour i.e., microscopic residual
tumour foci only
No marked regression
RCRG system
(Low no. - More regression)[34]
Sterilisation or only microscopic foci of adenocarcinoma
with marked fibrosis
Marked fibrosis but macroscopic
disease present
Little or no fibrosis with abundant macroscopic disease
Mod RCRG system
(Low no. - More regression)[45]
Macroscopic features may be varied. Microscopy reveals
no tumour or < 5% of area of abnormality
Macroscopic features may be varied. Microscopy reveals
combination of viable tumour and fibrosis. Tumour
comprises 5%-50% of overall area of abnormality
Macroscopic or microscopic features may not be
significantly different. Over 50% comprises tumour.
Some fibrosis may be present but no more than
untreated cases
Japanese
(Low no. - Less regression)[25]
No regression
Minimal effect (necrosis less than 1/3)
Mild effect (necrosis less than 2/3 but more than 1/3)
Moderate effect (necrosis more than 2/3 of the lesion)
No tumour cells
Ruo
(Low no. - Less regression)[39]
No evidence of response
1% to 33% response
34% to 66% response
67% to 95% response
96% to 99% response
100% response (no viable tumour identified)
Junker and Muller
(Low no. - Less regression)[46]
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1
2a
2b
3
TRG scale

No regression
> 10% residual tumour cells
< 10% residual tumour cells
Total regression (no viable tumour cells)
Rodel
(Low no. - Less regression)[36]
Poor
TRG 1 and 0 of the Dworak scale
Intermediate TRG 2 and 3 of the Dworak scale
Complete
TRG 4 of the Dworak scale
TRG scale
Four point scale
Swellengrebel et al[49]
pCR
Pathological complete response without residual
primary tumour
Near pCR
Isolated residual tumour cells/small groups of residual
tumour cells
Response
Stromal fibrosis outgrowing
tumour
No response No regression or those with stromal fibrosis outgrown
by tumour
TRG scale
Modified Mandard TRGN by Dhadda et al[51]
TRGN 1
Complete regression with absence of residual cancer and
fibrosis extending through the wall
TRGN 2
Presence of rare residual cancer cells scattered through
the fibrosis
TRGN 3
An increased number of residual cancer cells, but fibrosis
is still predominant

Table 3 Permutations of regression scales to define poor and
good response
Poor response
Studies that used
the scale

Mandard TRG
3,4,5

Suárez et al[31]
Santos et al[16]

TRG grading
system

Studies that used
the scale

Mandard TRG 1,2 Suárez et al[31]
Gambacorta et
al[21]
Santos et al[16]
Mandard TRG 2,3 Avallone et al[13]

Mandard TRG 4 Gambacorta et
al[21]
Giralt et al[22]
Mandard TRG
Avallone et al[13] Mandard TRG
Roy et al[29]
4,5
1,2,3
Pucciarelli et al[28]
Shin et al[30]
Dworak 1
Winkler et al[33]
Dworak TRG
2,3,4
Dworak TRG 0,1 Huebner et al[25] Dworak TRG 2,3
Roy et al[29]
Fokas et al[14]
Dworak TRG 1,2 Lim et al[26]
Dworak TRG 3,4

Roy et al[29]
Pucciarelli et al[28]
Shin et al[30]
Huebner et al[25]
Roy et al[29]
Fokas et al[14]

Lim et al[26]
Elezkurtaj et al[20]
Santos et al[16]
Hav et al[15]
Winkler et al[33]

Elezkurtaj et al[20] Dworak TRG 3
Hav et al[15]
Santos et al[16]
Rodel TRG 3
Min et al[27]
Japanese TRG 2,3 Horisberger et
[Dworak 0,1]
al[24]
Rodel TRG 3
Hermanek et al[23] Japanese TRG 3 Vallböhmer et
[Wittekind (mod
al[32]
Dworak 0,1)]
Japanese TRG
Horisberger et
Miller Junker
Vallböhmer et
0,1a,1b
al[24]
TRG 2a and 2b
al[32]
Japanese TRG 1 Vallböhmer et
Cologne TRG 3
Vallböhmer et
al[32]
and 4
al[32]
Miller Junker
Vallböhmer et
Glynne Jones
Bujko et al[18]
TRG 1
al[32]
TRG 1
Miller Junker
Eich et al[19]
TRG 1,2a
Cologne TRG 1,2 Vallböhmer et
al[32]
Glynne Jones
Bujko et al[18]
TRG 3
Wheeler RCRG Beddy et al[17]
TRG 2
Dworak TRG
0,1,2

The overall proportion of poor responders after neoadjuvant CRT was 37.7% (95%CI: 30.1-45.8) (table
4, Figure 1). Study characteristics can be seen in
table 1. Table 5 shows the scales that define poor
response with their permutations. Most studies used
the Mandard or Dworak TRG scales. The studies using
[13,16,21,22,28-31]
the Mandard scale
defined poor response
as Mandard TRG 3 to 5, 4 or 4 to 5. The Dworak scale
uses a similar numerical scale in the opposite direction
to the Mandard system. From the articles that use the
[14-16,20,25,26,29,33]
Dworak classification for their definitions
,
a poor response was defined as Dworak 0 to 1, 1, 1 to
2 or 0 to 2.

Outcomes of poor response defined by histopathological
scales
Fourteen studies that defined poor response reported
on outcomes (table 5). LR at 5 years ranged from 2%
[17,18,23,26,27,31]
[18,23,26,27,31]
to 26%
, DR was 14.3% to 47%
.
One study reported 10-year LR and DR of 3.6% and
[14]
39.6%, respectively . Two-year DFS was 60.3% to
[19,29,31]
[30,31]
83.6%
, 3-year DFS was 72.6% to 73.8%
,
[18]
4-year DFS was reported by a single study as 47% ,
[13,16,17,23,26]
5-year DFS was reported as 56% to 71%
,
[14]
and 10-year DFS was documented as 63% . OS at
[29]
2 years was 87.3% to 92.6%
and at 5 years was
[16,23,26]
60.7% to 75.8%
.

defining good response along with their permutations.

Outcomes of good response defined by pathological
scales

Ten studies reported on outcomes (table 6). Most
studies defined good response as Mandard 1 to 2,
1 to 3, 2 to 3 or Dworak 2 to 4, 3 to 4 or 2 to 3.
LR at 5 years after a good response ranged from
[16,18,26,31]
0% to 9%
and DR was reported as 0% to
[16,18,26,31]
34%
. One study reported 10-year LR and DR
[14]
of 8.0% and 29.3%, respectively . Two-year DFS
[29]
[30]
was 86.1% to 91.7% , 3-year DFS was 74.1% ,
[18]
4-year DFS was 67% , 5-year DFS was 78.4% to >
[13,16,26]
[14]
90%
, and 10-year DFS was 73.6% . OS at 2
[29]
years was 89.2% to 92.2% , and at 5 years OS was

Which scales are used to define good response?
[18,25,35,40,43,44,46]

Six scales
were used in 20 reports (16
[13-16,18,20,21,24-26,28-33]
articles) to define good response
.
These six scales produced 12 different definitions of
good response (table 2). The characteristics of these
studies are shown in table 1. Table 6 shows the scales
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Table 4 Proportion of poor responders in the literature according to regression grades
TRG grading system

No. of reports (total 25
reports from 21 studies)

Proportion of poor
responders

Lower limit of
confidence Interval

Upper limit of
confidence Interval

8
8
2
2
1
1
1
1
1

34.9
47.4
50.8
35.0
38.9
22.1
52.2
14.7
7.1

22.8
32.5
28.8
20.4
30.8
15.8
44.9
10.6
3.2

49.4
62.7
72.5
52.9
47.7
30.0
59.5
19.9
14.8

Mandard
Dworak
Junker/Muller
Japanese
Wheeler
Bujko/Glynne-Jones
Rodel based on Dworak
Rodel based on Wittekind (modified Dworak)
Cologne

Study name

Event rate and 95%CI
Event rate Lower limit Upper limit

Hav et al 2015 (Dw)
Fokas et al 2014 (Dw)
Santos et al 2014 (Dw)
Santos et al 2014 (Man)
Elezkurtaj et al 2013 (Dw)
Hermanek et al 2013 (Ro-W)
Vallbohmer et al 2012 (Jap)
Vallbohmer et al 2012 (Col)
Vallbohmer et al 2012 (J/M)
Lim et al 2012 (Dw)
Huebner et al 2012 (Dw)
Roy et al 2012 (Dw)
Roy et al 2012 (Man)
Winkler et al 2012 (Dw)
Shin et al 2011 (Man)
Min et al 2011 (Ro-Dw)
Avallone et al 2011 (Man)
Eich et al 2011 (J/M)
Bujko et al 2010 (Bj/GJ)
Beddy et al 2008 (Wh)
Giralt et al 2008 (Man)
Horisberger et al 2008 (Jap)
Suarez et al 2008 (Man)
Pucciarelli et al 2004 (Man)
Gambacorta et al 2004 (Man)

0.632
0.223
0.612
0.496
0.667
0.147
0.271
0.071
0.624
0.614
0.257
0.560
0.320
0.273
0.490
0.522
0.143
0.389
0.221
0.389
0.103
0.441
0.697
0.491
0.185
0.377

0.518
0.184
0.528
0.414
0.570
0.106
0.187
0.032
0.516
0.574
0.206
0.447
0.225
0.148
0.395
0.449
0.076
0.284
0.158
0.308
0.050
0.320
0.609
0.397
0.103
0.301

0.732
0.266
0.689
0.579
0.751
0.199
0.374
0.148
0.720
0.653
0.317
0.668
0.433
0.447
0.586
0.595
0.252
0.505
0.300
0.477
0.201
0.568
0.773
0.585
0.311
0.458
-1.00

-0.50

0.00
0.50
Proportion of poor responders

1.00

Figure 1 Proportion of patients who responded poorly to neo-adjuvant therapy.
[16,26]

77.4% to 88.2%

[14]

.

good responders compared with poor responders .
[16,18,26,31]
Five reports
showed LR was higher in poor
responders, of which only one study showed a
[26]
significant difference . Using the definition given by
[26]
Lim et al
there were three other studies with similar
[16,31]
definitions
. The reported LR for good response
[16,26,31]
ranged from 0% to 1.8%
. There were no studies
[26]
that agreed with Lim et al
for the definition of poor
[16,31]
response. Three studies
agreed with each other for
poor response and reported LR of 3.4% to 4.3%. Lim
[26]
et al (which showed a significant difference between
good and poor) gave LR rate in poor responders of 9.5%.
This indicates that either Mandard 1 to 2 or Dworak 3
to 4 should be used to define good response for LR and
Mandard 3 to 5 or Dworak 0 to 2 or 1 to 2 should be

Considerations and comparison between good and poor
responders
A range of survival outcomes existed for good and
poor response (table 7). There were 15 reports (11
articles) comparing outcomes from good and poor
[13-16,18,26,28-32]
response
. Four outcome measures were
examined in detail: LR, DR, DFS and OS.

Studies differentiating between good and poor
responders for LR
[14,16,18,26,31]

Six reports from five studies
compared good
and poor response in relation to LR (figure 2). Of these,
one study reported a non-significantly higher LR in
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Table 5 Study definitions of poor response according to histopathological tumour regression grade scales
Ref.

Year TRG scale used (original
disease application)

Are the
scales
reported
accurately?

Poor response
definition

Gambacorta et
al[21]
Pucciarelli et
al[28]
Beddy et al[17]
Giralt et al[22]
Horisberger et
al[24]

2004
2004

Mandard (oesophagus)

Yes

TRG 4

54

10

25

Mandard (oesophagus)

Yes

TRG 4 and 5

106

52

42

Yes
No
Yes

TRG 2
TRG 4
TRG 0 and 1a and
1b

126
68
59

49
7
26

37

21

Suárez et al[31]

Wheeler (rectal)
Mandard (oesophagus)
Japanese Society for
Cancer of the Colon and
Rectum (rectal)
2008 Mandard (oesophagus)

Yes

TRG 3 and 4 and 5

119

83

33

3.41

14.31

Bujko et al[18]

2010

Yes

TRG 3

131

29

48

26

47

Avallone et
al[13]

2011

Glynne Jones/Bujko
(rectal)
Mandard (oesophagus)

Yes

TRG 4 and 5

63

9

60

Eich et al[19]

2011

Yes

TRG 1 and 2a

72

28

28

Min et al[27]

2011

Müller and Junker
(lung)
Rodel (rectal based on
Dworak)

93

43

Shin et al[30]
Huebner et
al[25]
Lim et al[26]
Roy et al[29]
Roy et al[29]
Vallböhmer et
al[32]

2011
2012

Mandard (oesophagus)
Dworak (rectal)

Yes
Yes

Categorised as poor 178
according to Rodel
and based on TRG
0 and 1 on Dworak
scale
TRG 4 and 5
102
TRG 0+1
237

50
61

40.3

Dworak (rectal)
Dworak (rectal)
Mandard (oesophagus)
Japanese Society for
Cancer of the Colon and
Rectum (rectal)
2012
Junker Miller (lung)

Yes
Yes
Yes
Yes

TRG 1+2
TRG 0 and 1
TRG 4 and 5
TRG 1

581
75
75
85

357
42
24
23

Yes

TRG 1

85

6

DNE

2012

Cologne (oesophageal)

Yes

TRG 1 and 2

85

53

DNE

2012
2013

Dworak (rectal)
Dworak (rectal)

No
Yes

TRG 1
TRG 0,1 and 2

33
102

9
68

DNE

2013

Rodel (rectal based
on Wittekind and
Tannapfel (rectal based
on Dworak)

Yes

33

92

15.9

27.9

Yr. 5: 63.6

Fokas et al[14]

2014

Dworak (rectal)

Yes

Categorised as poor 225
according to Rodel
and based on TRG
0and1 on Wittekind
and Tannapfel (a
modified Dworak
scale)
TRG 0+1
386

90

132

Yr. 10:
39.6

Yr. 10: 63%

Santos et al[16]
Santos et al[16]
Hav et al[15]

2014
2014
2015

Dworak (rectal)
Mandard (oesophagus)
Dworak (rectal)

Yes
Yes
Yes

TRG 0,1 and 2
TRG 3 and 4 and 5
TRG 0,1 and 2

85
69
48

56
56
20

Yr.
10:
3.6
3.5
4.3

16.4
20.3

Yr. 5: 68.1
Yr. 5: 61.7
No specific
data but no
correlation
with DFS

Vallböhmer et
al[32]
Vallböhmer et
al[32]
Winkler et al[33]
Elezkurtaj et
al[20]
Hermanek et
al[23]

2008
2008
2008

2012
2012
2012
2012

Yes

Total
Poor
Average LR
(n ) responders F/up in (%)
(n )
months 5 yr

144
144
76

61

DR
(%)
5 yr

DFS (%)

OS (%)

Yr. 5: 71

Yr. 2: 83.6
Yr. 3: 73.8
Yr. 4: 47
Yr. 5: Prob free
of recurrence
562
Yr. 2: 76 ± 14.8

21

31

Yr. 3: 72.6

9.5

27.2

Yr. 5: 63.6
Yr. 2: 68.9
Yr. 2: 60.3

Yr. 5: 71.3
Yr. 2: 92.6
Yr. 2: 87.3

Yr. 5: 75.8

Yr. 5: 69.1
Yr. 5: 60.7

1

Overall rate for total follow-up time; 2Probability of being free from recurrence (DFS rate not given). LR: Local recurrence; DR: Distant recurrence.
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Table 6 Study definitions of good response according to histopathological tumour regression grade scales
Ref.

Year

Gambacorta et al[21] 2004
Pucciarelli et al[28]

2004

Horisberger et al[24] 2008

Suárez et al[31]

2008

Bujko et al[18]

2010

Avallone et al[13]

2011

Shin et al[30]

2011

Huebner et al[25]

2012

Lim et al[26]

2012

Roy et al[29]

2012

Roy et al[29]

2012

Vallböhmer et al[32]

2012

Vallböhmer et al[32]

2012

Vallböhmer et al[32]

2012

Winkler et al[33]

2012

Elezkurtaj et al[20]

2013

Fokas et al[14]

2014

Santos et al[16]

2014

Santos et al[16]

2014

Hav et al[15]

2015

TRG scale
used (original
disease
application)

Are the
scales
reported
accurately?

Good
response
definition

Total
(n )

Good
responders
(n )

Average
F/up in
months

Mandard
(oesophagus)
Mandard
(oesophagus)
Japanese
Society for
Cancer of the
Colon and
Rectum (rectal)
Mandard
(oesophagus)
Glynne Jones/
Bujko (rectal)
Mandard
(oesophagus)
Mandard
(oesophagus)
Dworak
(rectal)
Dworak
(rectal)
Dworak
(rectal)
Mandard
(oesophagus)
Japanese
Society for
Cancer of the
Colon and
Rectum (rectal)
Junker Miller
(lung)
Cologne
(oesophageal)
Dworak
(rectal)
Dworak
(rectal)
Dworak
(rectal)

Yes

TRG 1 and 2

54

24

25

Yes

104

52

42

Yes

TRG 1 and 2
and 3
TRG 2 and 3

59

33

Yes

TRG 1 and 2

119

36

33

0

0

DNE

Yes

TRG 1

131

40

48

9

34

Yr. 4: 67

Yes

TRG 2 and 3

63

20

60

Yes

TRG 1 and 2
and 3
TRG 2 and 3
and 4
TRG 3 and 4

102

52

40.3

237

176

581

224

75

Yes

TRG 2 and 3
and 4
TRG 1 and 2
and 3
TRG 3

Yes

Dworak
(rectal)
Mandard
(oesophagus)
Dworak
(rectal)

Yes
Yes

DR
(%)
5 yr

DFS (%)

OS (%)

DNE

DNE

Yr. 5: Prob free of
recurrence > 90%
Yr. 3: 74.1

Yr. 5: 86.7

Yr. 5: 88.2

33

Yr. 2: 91.7

Yr. 2: 89.2

75

51

Yr. 2: 86.1

Yr. 2: 92.2

85

23

DNE

TRG 2aand2b

85

65

DNE

Yes

TRG 3 and 4

85

26

DNE

No

TRG 3

33

6

Yes

TRG 3 and 4

102

34

Yes

TRG 2 and 3

386

256

132

Yes

TRG 3 and 4

144

54

Yes

TRG 1 and 2

144

Yes

TRG 3 and 4

76

Yes
Yes

61

LR
(%)
5 yr

1.3

11.6

Yr.
10:
29.3
11.1

Yr. 10: 73.6%

56

Yr.
10:
8.0
1.8

Yr. 5: 78.4

Yr. 5: 77.4

70

56

1.4

8.6

Yr. 5: 81.7

Yr. 5: 79.4

28

20

No specific data
but no correlation
with DFS

Overall rate for total follow-up time. LR: Local recurrence; DR: Distant recurrence; DNE: Data given but not extractable; DFS: Disease-free survival.

[26]

used for poor response.

et al , there were three other studies with similar
[16,31]
definitions
; the reported 5-year DR for good
response was 0% to 11.6%. Using the definition given
[14]
by Fokas et al , there was one other study with a
[18]
similar definition ; the reported 5- and 10-year DR
for good response was 34% and 29%, respectively.
[16,31]
Poor response was defined by three studies
, with
similar definitions reporting DR of 14.3% to 20.3%.
Poor response was 47% and 39.6% for 5- and 10-year
[14,18]
DR, respectively, by two other studies
with similar

Studies differentiating between good and poor response
for DR
[14,16,18,26,31]

Six reports from five studies
compared good
and poor response in relation to DR (Figure 3). Of
these, all showed DR was higher in poor responders,
[26]
[14]
of which two studies (Lim et al
and Fokas et al )
showed a significant difference; although, they used
different definitions. Using the definition given by Lim
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Table 7 Comparison of outcomes between good and poor responders
Ref.

Year

Good
Poor
LR % P < DR % P <
response response GR PR 0.05 GR PR 0.05
defn.
defn.

Pucciarelli
et al[28]

2004

TRG 1
and 2
and 3

TRG 4
and 5

Suárez et
al[31]

2008

TRG 1
and 2

TRG 3
and 4
and 5

0

3.4

NC

0

Bujko et
al[18]

2010

TRG 1

TRG 3

9

26

No

34

Avallone et 2011
al[13]

TRG 2
and 3

TRG 4
and 5

Shin et al[30]

2011

TRG 1
and 2
and 3

TRG 4
and 5

Lim et al[26]

2012

TRG 3
and 4

TRG 1
and 2

Roy et al[29]

2012

TRG 1
and 2
and 3

Roy et al[29]

2012

P < OS % P <
DSS
P <
PR 0.05 GR PR 0.05 GR PR 0.05

DFS %
GR

Better in
GR

14.3 NC Better
in GR

47

No

67

No

Better in
GR

No

Yes

47

Better in
GR

No

Prob Prob Yes
> 90% 56%
74.1

72.6

86.7

63.6 Yes 88.2 71.3 Yes

TRG 4
and 5

86.1

60.3 Yes 92.2 87.3

No

TRG 2
and 3
and 4

TRG 0
and 1

91.7

68.9

No 89.2 92.6

No

Vallböhmer 2012
et al[32]

TRG 3

TRG 1

Better in
GR

No

Vallböhmer 2012
et al[32]

TRG 2a
and 2b

TRG 1

Better in
GR

No

Vallböhmer 2012
et al[32]

TRG 3
and 4

TRG 1
and 2

Better in
GR

No

Fokas et
al[14]

2014

TRG 2
and 3

TRG 0
and 1

Santos et
al[16]

2014

TRG 1
and 2

TRG 3
and 4
and 5

Santos et
al[16]

2014

TRG 3
and 4

TRG 0
and 1
and 2

Hav et al[15]

2015

TRG 3
and 4

TRG 0
and 1
and 2

1.3 9.5

8

3.6

Yes 11.6 27.2 Yes

No 29.3 39.6 Yes

73.6

1.4 4.3

NC

8.6 20.3 NC

81.7

61.7 Yes 79.4 60.7 Yes

1.8 3.5

NC 11.1 16.4 NC

78.4

68.1

Better
in GR

63

No

Yes

No 77.4 69.1

No

No

Conclusion

Good responders have
better, non-statistically
significant outcomes for
DFS and OS
No Good responders have
better, statistically
significant DFS but have
better, non significant LR,
DR and DSS
Good responders have
better, non-statistically
significant outcomes for LR,
DR and DFS
Good responders have
better, statistically
significant DFS
Good responders have
better, non-statistically
significant outcomes for
DFS
Good responders have
better, statistically
significant outcomes for LR,
DR, DFS and OS
Good responders have
better, statistically
significant DFS but have
better, non significant OS
Good responders had better,
non-statistically significant
outcomes for DFS. Good
responders had poorer,
non-statistically significant
outcomes for OS
Good responders have
better, non-statistically
significant outcomes for OS
Good responders have
better, non-statistically
significant outcomes for OS
There was no statistically
significant difference for
OS between good and poor
responders
Good responders have
better, statistically
significant outcomes for DR
and DFS. Good responders
had poorer, non-statistically
significant outcomes for LR
Good responders have
better, statistically
significant outcomes for
DFS and OS
Good responders have
better, non-statistically
significant outcomes for
DFS and OS
Good responders have
better, non-statistically
significant outcomes for
DFS

Where data is not given the overall result is stated. LR: Local recurrence; DR: Distant recurrence; GR: Good responders; PR: Poor responders; NC: No
statistical comparison made.
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Which studies differentiated between
good and poor for local recurence
Suarez et al (Md)
Bujko et al (GJ)
Lim et al (Dw)

n =6

Fokas et al (Dw)
Santos et al (Md)
Santos et al (Dw)

Which studies showed good
responders did better than poor

Which studies showed good

n =1

n =5

responders did worse than poor

Suarez et al (Md)
Bujko et al (GJ)
Lim et al (Dw)
Santos et al (Md)
Santos et al (Dw)

n =4

Fokas et al (Dw)

n =0

n =1

n =1

Which were not

Which were

Which were

Which were not

statistically significant

statistically significant

statistically significant

statistically significant

Suares et al
Bujko et al
Santos et al
Santos et al

(Md)
(GJ)
(Md)
(Dw)

Fokas et al (Dw)

Lim et al (Dw)

Study
Gd
Pr
Suarez et al (Md) TRG 1,2 TRG 3,4,5
Bujko et al (GJ)   TRG 1    TRG 3
Santos et al (Md) TRG 1,2 TRG 3,4,5
Santos et al (Dw) TRG 3,4 TRG 0,1,2

Study
Gd
Pr
Fokas et al (Dw) TRG 2,3 TRG 0,1

Study
Gd
Pr
Lim et al (Dw) TRG 3,4 TRG 1,2

10 yr
outcomes for good
regression: 8%

Are the definitions

10 yr
outcomes for poor
regression: 3.6%

the same

Definitions for good

Similar

Definitions for poor

Dissimilar

Suarez et al (Md)
Santos et al (Md)
Santos et al (Dw)
Lim et al (Dw)

Bujko et al (GJ)

5 yr
outcomes: 0%-1.8%
(mean: 1.1)

5 yr
outcomes: 9%

Similar

Dissimilar

Suarez et al (Md)

Bujko et al (GJ)

Santos et al (Md)

Lim et al (Dw)

Santos et al (Dw)
5 yr
outcomes: 3.4%-4.3%
(mean: 3.7)

5 yr
outcomes: 9.5%-26%

Figure 2 Studies reporting on local recurrence in good and poor responders.
[26]

definitions. Lim et al
reported 5-year DR as 27.2%
for poor responders. The values reported by Fokas et
[14]
[18]
al and Bujko et al are much higher than the other
reports and do not reflect the body of literature. It
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would, therefore, be preferable to use either Mandard 1
to 2 or Dworak 3 to 4 for defining good response for DR
and Mandard 3 to 5 or Dworak 0 to 2 or 1 to 2 for poor
response.
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Which studies differentiated between
good and poor for distant recurrence
Suarez et al (Md)
Bujko et al (GJ)
Lim et al (Dw)

n =6

Fokas et al (Dw)
Santos et al (Md)
Santos et al (Dw)

Which studies showed good
responders did better than poor

Which studies showed good

n =6

responders did worse than poor

n =0

Suarez et al (Md)
Bujko et al (GJ)
Lim et al (Dw)
Fokas et al (Dw)
Santos et al (Md)

n =4

Santos et al (Dw)

n =2

Which were not

Which were

statistically significant

statistically significant

Suarez et al
Bujko et al
Santos et al
Santos et al

Study
Suarez et al (Md)
Bujko et al (GJ)
Santos et al (Md)
Santos et al (Dw)

(Md)
(GJ)
(Md)
(Dw)

Gd
TRG 1,2
TRG 1
TRG 1,2
TRG 3,4

Lim et al (Dw)
Fokas et al (Dw)

Pr
TRG 3,4,5
TRG 3
TRG 3,4,5
TRG 0,1,2

Study
Gd
Pr
Lim et al (Dw)
TRG 3,4 TRG 1,2
Fokas et al (Dw) TRG 2,3 TRG 0,1

Are the definitions
the same

Definitions for poor

Definitions for good

Dissimilar

Similar
Suarez et al (Md)
Santos et al (Md)
Santos et al (Dw)
Lim et al (Dw)
5 yr
outcomes: 0%-11.6%
(mean: 7.8)

Bujko et al (GJ)
Fokas et al (Dw)

5 yr outcomes: 34%
10 yr outcomes: 20%

Similar

Dissimilar
Similar

Suarez et al (Md)
Santos et al (Md)
Santos et al (Dw)
5 yr
outcomes: 14.3%-20.3%
(mean: 17)

Bujko et al (GJ)
Fokas et al (Dw)

Lim et al (Dw)

5 yr outcomes: 47%

5 yr outcomes:

10 yr outcomes: 39.6%

27.2%

Figure 3 Studies reporting on distant recurrence in good and poor responders.

Studies differentiating between good and poor response
for DFS

Six studies showed a significant difference between
[13,14,16,26,29,31]
good and poor response
. For the definition
[16,26,31]
of good response, three of the papers
showing a
statistical significance used a similar definition to each
[13,14]
other; two
used different definitions but were

[13-16,18,26,28-31]

Twelve reports
compared good and poor
response in relation to DFS (figure 4). All of the
studies showed DFS to be worse in poor responders.
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[28]

similar to each other and one used a different definition
[29]
to the other significant studies . Using the definition
[26]
given by Lim et al
and comparing it to studies with
[15,16,30,31]
similar definitions
, the reported DFS for good
response at 5 years was 78.4% to 86.7%. Using the
[14]
definition given by Fokas et al
and comparing it
[13]
with the other reports with similar definitions , the
reported 5- and 10-year DFS for good response was
> 90% and 73.6%, respectively. Using the definition
[29]
by Roy et al and comparing it with the other studies
[28-30]
with similar definitions
, 2-year DFS was 86.1% to
91.7% and 3-year DFS was 74.1%.
For the definition of poor response, three of the
[13,14,29]
papers
showing a statistical significance used
[16,31]
a similar definition to each other, two
used
different definitions but were similar to each other
and one study was different in its definition of poor
[26]
response . Using the definition given by Avallone
[13]
et al
and comparing it to the other studies with
[14,18,28-30]
similar definitions
, the reported DFS for poor
response at 2 years was 60.3% to 68.9%, at 3 years
was 72.6%, at 4 years was 47%, and at 5 years was
[31]
56%. Using the definition given by Suárez et al
and comparing it with the other studies with similar
[15,16]
definitions
, the reported DFS for poor response
at 2 years was 83.6%, at 3 years was 73.8%, and at
[26]
5 years was 61.7% to 68.1%. Lim et al reports a
5-year DFS of 63.6%. From these results it may be
appropriate to use Mandard 1 to 2, 1 to 3 or 2 to 3
or Dworak 3 to 4, 2 to 4 or 2 to 3 for defining good
response and Mandard 4 to 5, 3 to 5 or Dworak 0 to 1,
0 to 2 or Bujko 3 to define poor response.

given by Pucciarelli et al and comparing it with other
[29]
reports with similar definitions , the reported OS
for poor response was 87.3% at 2 years. Using the
[32]
definition given by Vallböhmer et al and comparing it
[26]
with the studies with similar definitions , the reported
OS for poor response was 71.3% at 5 years. Using
[32]
the next definition given by Vallböhmer et al and
[16]
comparing it with studies with similar definitions ,
the reported OS for poor response was 60.7% to
69.1% at 5 years. From these results it may be
appropriate to use Mandard 1 to 2, 1 to 3 or Dworak
3 to 4 or Cologne 3 to 4 for defining good response
and Mandard 4 to 5, 3 to 5 or Dworak 0 to 2, 1 to 2
or Japanese 1a to 1b or Cologne 1 to 2 to define poor
response.

Consensus histopathological definition of good and
poor response

These results show that across the outcomes of LR,
DR, DFS and OS, Mandard 1 to 2 and Dworak 3 to 4
could be used for defining good response and Mandard
3 to 5 and Dworak 0 to 2 for poor response.

MRI method of classifying regression

Studies differentiating between good and poor response
for OS
[16,26,28,29,32]

Nine reports
compared good and poor
response in relation to OS (figure 5). Of these, all but
[29]
one
showed OS was non-significantly worse in poor
responders. Six reports from four papers showed a
[16,28,29,32]
significant difference
. For the definition of good
[16,32]
response, two of the papers
showing a statistical
significance used a similar definition to each other; two
[32]
reports from one paper
used different definitions
but were similar to each other, and a further two used
similar definitions to each other but were different
[28,29]
from the other papers
. Using the definition given
[28]
by Pucciarelli et al and comparing it with the other
[29]
studies with similar definitions , the reported OS
for good response at 2 years was 92.2%. Using the
[26]
definition given by Lim et al
and comparing it with
[16,26,32]
the other studies with similar definitions
, the
reported OS for good response at 5 years was 77.4%
to 88.2%.
For the definition of poor response, two of the
[28,29]
papers
showing a statistical significance used
a similar definition to each other and a further two
[16,32]
studies had similar definitions to each other
.
Two reports from one study were different in their
[32]
definitions of poor response . Using the definition
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[52]

There was one mrTRG system using a 5-point scale
(Table 8). Lower mrTRG refers to greater regression
and the system also divides the categories into type
of response (complete, good, moderate, slight and
none).
There were five papers on five studies reporting on
[5-7,52,53]
poor response
. Characteristics of these studies
can be seen in table 9. Overall, the reported proportion
of poor responders after neo-adjuvant CRT was 38.6%
(95%CI: 34.5%-42.8%) and there was only moderate
heterogeneity that was still significant (Q = 10.7, df =
2
4, I = 63, p = 0.03) (Figure 6).

Definition of poor response as defined by MRI
[5-7]

Two studies
stated that mrTRG was based on the
Dworak scale, but the hierarchy actually follows that
of the Mandard scale (Table 10). Three studies stated
[52,53]
that it was based on the Mandard scale
. Poor
response was defined as mrTRG 4 and mrTRG 5 by
all of the papers. LR for poor responders at 5 years
[6,52]
[52]
ranged from 4% to 29%
. Five year DR was 9% .
From our centres, unpublished data for 3-year DFS
[53]
[6,53]
was 52% and 5-year DFS was 31% to 68%
. OS
[53]
at 3 years from this centre was 74% and at 5 years
[6,53]
was 27% to 68%
.

Outcomes of good response defined by MRI TRG scales

LR rates for good responders at 5 years ranged from
[6,52]
[52]
1% to 14%
. Five-year DR was 3% and DFS was
[6,53]
[6,53]
64% to 83%
. OS at 5 years was 72% to 90%
(table 11).

Considerations and comparison between good and poor
responders
mrTRG is a relatively new scale and the studies
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Pucciarelli et al (Md)
Suarez et al (Md)
Bujko et al (GJ)
Avallone et al (Md)
Shin et al (Md)
Lim et al (Dw)
Roy et al (Md)
Roy et al (Dw)
Fokas et al (Dw)
Santos et al (Md)
Santos et al (Dw)
Hav et al (Dw)

Which studies differentiated between
good and poor for disease free survival

n = 12

Which studies showed good

n = 12

responders did better than poor

Which studies showed good

n =0
Pucciarelli et al (Md)
Suarez et al (Md)
Bujko et al (GJ)
Avallone et al (Md)
Shin et al (Md)
Lim et al (Dw)
Roy et al (Md)
Roy et al (Dw)
Fokas et al (Dw)
Santos et al (Md)
Santos et al (Dw)
Hav et al (Dw)

n =6

n =6

Which were not

Which were

statistically significant

statistically significant

Pucciarelli et al (Md)
Bujko et al (GJ)
Shin et al (Md)
Roy et al (Dw)
Santos et al (Dw)
Hav et al (Dw)

Suarez et al (Md)
Avallone et al (Md)
Lim et al (Dw)
Roy et al (Md)
Fokas et al (Dw)
Santos et al (Md)

Study
Pucciarelli et al (Md)
Bujko et al (GJ)
Shin et al (Md)
Roy et al (Dw)
Santos et al (Dw)
Hav et al (Dw)

Gd
TRG 1,2,3
TRG 1
TRG 1,2,3   
TRG 2,3,4
TRG 3,4
TRG 3,4

Pr
TRG 4,5
TRG 3
TRG 4,5
TRG 0,1
TRG 0,1,2
TRG 0,1,2

responders did worse than poor

Study
Gd
Pr
Suarez et al (Md) TRG 1,2 TRG 3,4,5
Avallone et al (Md) TRG 2,3   TRG 4,5
Lim et al (Dw)
TRG 3,4 TRG 1,2
Roy et al (Md)
TRG 1,2,3 TRG 4,5
Fokas et al (Dw) TRG 2,3 TRG 0,1
Santos et al (Md) TRG 1,2 TRG 3,4,5

Are the definitions
the same

Definitions for poor

Similar

Definitions for good

Similar
Suarez et al (Md)
Santos et al (Md)
Santos et al (Dw)
Hav et al (Dw)
Lim et al (Dw)
5 yr outcomes:
78.4%-86.7%
5 yr mean: 82%

Similar

Dissimilar

Similar

Pucciarelli et al (Md)
Shin et al (Md)
Avallone et al (Md)
Bujko et al (GJ)
Roy et al (Md)
Fokas et al (Dw)
Roy et al (Dw)

2 yr outcomes:
86.1%-91.7%
3 yr outcomes:
74.1%

5 yr outcomes: >
90%
10 yr outcomes:
73.6%

4 yr outcomes:
67%

Dissimilar
Similar

Pucciarelli et al (Md)
Bujko et al (GJ)
Shin et al (Md)
Avallone et al (Md)
Roy et al (Md)
Roy et al (Dw)
Fokas et al (Dw)

Suarez et al (Md)
Santos et al (Md)
Santos et al (Dw)
Hav et al (Dw)

Lim et al (Dw)

2 yr outcomes: 60.3-68.9
4 yr outcomes: 47
3 yr outcomes: 72.6
5 yr outcomes: 56

2 yr outcomes: 83.6
3 yr outcomes: 73.8
5 yr outcomes: 61.7-68.1

5 yr outcomes:
63.6%

Figure 4 Studies reporting on disease- free survival in good and poor responders.
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Which studies differentiated between

Pucciarelli et al (Md)
Lim et al (Dw)
Roy et al (Md)
Roy et al (Dw)
Vallbohmer et al (Jap)
Vallbohmer et al (JM)
Vallbohmer et al (C)
Santos et al (Md)
Santos et al (Dw)

good and poor for overall survival

n =9

Which studies showed good

n =8

responders did better than poor

Which studies showed good

n =1
Pucciarelli et al (Md)
Lim et al (Dw)
Roy et al (Md)
Vallbohmer et al (Jap)
Vallbohmer et al (JM)
Vallbohmer et al (C)
Santos et al (Md)
Santos et al (Dw)

n =2

n =0

n =6

Which were

Which were not
statistically significant

Study
Um et al (Dw)
Santos et al (Md)

Roy et al (Dw)

n =1

statistically significant

Which were not

Which were

statistically significant

statistically significant

Study
Gd
Pr
Roy et al (Dw) TRG 2,3,4   TRG 0,1

Roy et al (Dw)

Pucciarelli et al (Md)
Roy et al (Md)
Vallbohmer et al (Jap)
Vallbohmer et al (JM)
Vallbohmer et al (C)
Santos et al (Dw)

Lim et al (Dw)
Santos et al (Md)

responders did worse than poor

2 yr outcomes for good
responders: 89.2%

2 yr outcomes for poor
responders: 92.6%

Gd
Pr
TRG 3,4 TRG 1,2
TRG 1,2 TRG 3,4,5
Study
Pucclarelli et al (Md)
Roy et al (Md)
Vallbohmer et al (Jap)
Vallbohmer et al (JM)
Vallbohmer et al (C)
Santos et al (Dw)

Are the definitions
the same

Definitions for good

Gd
TRG 1,2,3
TRG 1,2,3
TRG 3
TRG 2a,2b
   TRG 3,4
TRG 3,4

Pr
TRG 4,5
TRG 4,5
TRG 1a,1b
TRG 1
TRG 1,2
TRG 0,1,2

Definitions for poor

Dissimilar

Similar

Dissimilar
Similar

Similar
Vallbohmer et al (Md)

Similar
Similar

Lim et al (Dw)
Vallbohmer et al (C)
Santos et al (Md)
Santos et al (Dw)

Pucciarelli et al (Md)
Roy et al (Md)

Lim et al (Md)
Pucciarelli et al (Md)
Vallbohmer et al (Md)
Roy et al (Md)
Vallbohmer et al (Md)
Vallbohmer et al (Md)

Vallbohmer et al (Md)
Santos et al (Md)
Santos et al (Dw)

5 yr outcomes: 71.3
DNE

2 yr outcomes:
92.2%
2 yr outcomes: 87.3

5 yr outcomes:
77.4%-88.2%

5 yr outcomes:
60.7-69.1

DNE

Figure 5 Studies reporting on overall survival in good and poor responders.

Studies differentiating between good and poor
responders for LR, DR, DFS and OS

reporting it are from one centre; hence, consistency
would be expected. Good responders were defined
as mrTRG 1 to 3 or 1 to 2 and poor responders were
defined as mrTRG 4 to 5 (table 12).
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There are three articles with available data comparing
outcomes for good and poor responders (table 11). In
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Study name

Event rate and 95%CI
Event rate Lower limit Upper limit

Shihab et al 2011
Patel et al and Patel et al 2011, 2012
Patel et al 2012
Yu et al 2014 (retrospective)
Yu et al 2014 (prospective)

0.459
0.319
0.515
0.405
0.309
0.386

0.308
0.220
0.396
0.340
0.241
0.345

0.619
0.437
0.633
0.472
0.387
0.428
-1.00

-0.50
Poor

0.00 0.50
1.00
Responders

Figure 6 Proportion of patients who responded poorly to neo-adjuvant therapy according to magnetic resonance imaging.
0.0

Table 8 Summary of magnetic resonance imaging regression
scale available in the literature

0.1
Standard error

mrTRG scale

mrTRG
(Low no. - More regression)

0.2

1

0.3

2

0.4

3
4

0.5
-3

-2

-1
0
1
Logit event rate

2

3
5

Figure 7 Funnel plot for studies reporting on the prevalence of poor
response according to histology.

[47]

Radiological complete response: no evidence of ever
treated tumour
Good response (dense fibrosis; no obvious residual
tumour, signifying minimal residual disease or no
tumour)
Moderate response (50% fibrosis or mucin, and visible
intermediate signal)
Slight response (little areas of fibrosis or mucin but
mostly tumour)
No response (intermediate signal intensity, same
appearances as original tumour)

the Royal Marsden Hospital National Institute for Health
Research Biomedical Research. JB was supported by a
fellowship from the Royal College of Surgeons, England.
The centre and a co-author (NPW) was supported by
the Yorkshire Cancer Research and Pathological Society
of Great Britain and Ireland. The funders played no
role in the study design, analysis or writing of the
manuscript and accept no responsibility for its content.

all three reports, good responders had better outcomes
compared with poor responders in relation to LR, DR,
DFS and OS. Furthermore in all but LR there was a
statistically significant difference in outcomes.
Although there was a range of survival outcomes,
the overall rates for survival are lower in poor
responders, distinguishing them clearly from the
survival figures and rates of those with good response.

DISCUSSION

Consensus mrTRG definition of good and poor
response

The aim of this review was to investigate the range
and method of how poor response to neo-adjuvant
therapy for rectal cancer is defined in order to see
which scale best distinguishes between the two groups
in relation to outcomes.

From these results, good response may be defined as
mrTRG 1 to 3 or 1 to 2 (with mrTRG3 as a separate,
independent group) and poor responders as mrTRG 4
to 5. This consistency of results, therefore, indicates
the secondary hypothesis is likely to be true.

Main findings

Publication bias for prevalence from histology was
initially assessed using a funnel plot (figure 7).
There appeared to be some asymmetry on the plot
and so Eggers test was used. There was statistically
significant asymmetry seen (Intercept: -4.30, SE: 2.23,
95%CI:-8.90-0.31, t = 1.93, p = 0.07), indicating
there is unlikely to be significant publication bias.

In summary, this paper has shown that across the
outcomes of LR, DR, DFS and OS, Mandard 1, 2 and
Dworak 3, 4 could be used for defining good response
and Mandard 3, 4, 5 and Dworak 0, 1, 2 for defining
poor response. There are other definitions shown
above which may also differentiate good and poor
response. The analysis has shown differences in the
reliability of these scales in consistently identifying
good and poor responders.
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Our results have shown that there are three major
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Table 9 Characteristics of studies reporting on poor response based upon magnetic resonance imaging
Ref.

Year

Shihab et al[52]
Patel et al[7] and
Siddiqui et al[8]
Patel et al[6]
Yu[53]

Chemotherapy protocol

2011
2011 and 2012

APR/AR
APR/AR

Y
Y

2012

APR/AR

Y

2014 (unpublished data Capecitabine, oxaliplatin ±
from our centre)
cetuximab
2014 (unpublished data Capecitabine, oxaliplatin ±
from our centre)
cetuximab

Yu[53]

Radiotherapy
Surgical
TME
Time to
Cancer stage
protocol (Gy) procedures
surgery (wk)
Pre neoadjuvant
therapy

50.4-54

Y

T1/2/3/4,
N0/1/2
T2/3/4

50.4-54

Y

T2/3/4

Adjuvant
therapy

Y

Y

Y

Table 10 Study definitions of poor response according to magnetic resonance imaging tumour regression grade scales
Ref.

Year

Shihab et al[52]

2011

TRG scale used
(histological stage
based upon)

Scales
accurate?

Poor
response
definition

Total
(n )

Poor
responders
(n )

Yes

TRG 4,5

37

17

Yes

TRG 4,5

69

22

Yes

TRG 4,5

66

34

Yes

TRG 4,5

210

85

Yr. 3: 52% Yr. 3: 74%

Yes

TRG 4,5

152

47

Yr. 5: 59% Yr. 5: 68%

MRI TRG (based on
Mandard)
Patel et al[5,7]
2012
MRI TRG (based on
Dworak)
Patel et al[6] and 2011 and 2012 MRI TRG (based on
Patel et al[7]
Dworak)
Yu[53]
2014
MRI TRG (based
(unpublished
on Mandard and
data from our
Dworak)
centre)
Yu[53]
2014
MRI TRG (based
(unpublished
on Mandard and
data from our
Dworak)
centre)

Average LR (%) DR (%) DFS (%)
F/up in
5 yr
5 yr
months
4

60

OS (%)

9

29

Yr. 5: 31

Yr. 5: 27

LR: Local recurrence; DR: Distant recurrence; DFS: Disease-free survival; OS: Overall survival; TRG: Tumour regression grade.

Table 11 Study definitions of good response according to magnetic resonance imaging tumour regression grade scales
Ref.

Year

Shihab et al[52]

2011

Patel et al[6]

Patel et al[5]
and Patel et
al[7]
Yu[53]

TRG
scale used
(histological
stage based
upon)

MRI TRG
(based on
Mandard)
2012
MRI TRG
(based on
Dworak)
2011 and 2012
MRI TRG
(based on
Dworak)
2014
MRI TRG
(unpublished data (based on
from our centre) Mandard and
Dworak)

Scales
accurate?

Good
response
definition

Total
Good
(n ) responders (n )

Yes

TRG 1,2,3

37

20

Yes

TRG 1,2,3

69

47

Yes

TRG 1,2,3

66

32

Yes

TRG 1,2

152

61

Average
F/up in
months

LR (%) DR (%)
5 yr
5 yr

1

60

DFS (%)

OS (%)

Yr. 5: 64

Yr. 5: 72

3

14

DFS, Yr. 5: DFS, Yr. 5:
83%
90%

LR: Local recurrence; DR: Distant recurrence; DFS: Disease- free survival; OS: Overall survival; TRG: Tumour regression grade.

challenges when it comes to the standardization
of tumour regression for rectal cancer. The first is
the vast choice of regression scales available to
histopathologists. The second is that studies use
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these varied scales to define poor response without
consistency. The third is that there are marked
differences between the scales. Therefore, trying to
merge these systems into one, universally acceptable
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Table 12 Comparison of outcomes between good and poor responders
Ref.

Year

Local
recurrence
(LR)

P <
0.05

Distant
recurrence
(DR)

P <
0.05

Shihab et al[52]

2011

Better in GR

No

Better in GR

Yes

Patel et al[5]
and Patel et
al[7]

2011
and
2012

Better in GR

No

Yu[53]

2014

Progression P <
disease-free 0.05
survival (DFS)

Diseasefree
survival
(DFS)

Better in
GR

Better in GR

Yes

P <
0.05

Yes

Overall
survival
(OS)

Better in
GR

Better in
GR

P <
0.05

Conclusion

Good responders have
better, statistically
significant outcomes for
DR but have better, non
significant LR
Yes Good responders have
better, statistically
significant outcomes for
DFS and OS but have
better, non significant
outcomes for LR
Yes Good responders have
better, statistically
significant outcomes for
DFS and OS

GR: Good responders; NC: No statistical comparison made; DNI: Data not interpretable.

with predominant fibrosis or patients with tumour
[31]
outgrowing fibrosis
compared with other studies
using the same Mandard scale which only defined
poor responders as those with tumour outgrowing
[22]
fibrosis . This is then compounded by the fact
that more than one grade on other scales could be
combined together on an alternative system.

scale becomes unrealistic. Furthermore, studies
have shown that inter-observer agreement amongst
[54]
histopathologists using the existing scales is low .
The scales themselves do not advise on whether
histopathologists should use a single worst slide for
assessment or a composite assessment and adds to
the challenge of defining good and poor response.
This was highlighted by a study which showed poor
inter-observer agreement between histopatholo
gists assessing regression using different regression
[54]
scales .
[25,39,46]
Some of the scales use qualitative estimates
for levels of fibrosis, but these overlap with regression
[35,43]
grades in alternative scales given in other studies
.
Even by trying to examine the correlation between two
systems, two grades may be grouped into one grade
on a different scale.
Both MRI and histopathological grading systems
are open for misinterpretation if standard methods
of preparation and interpretation are not employed;
there has been a focused attempt to do this in relation
[54,55]
to histopathological assessment
and mrTRG is a
novel scale requiring appropriate training to ensure
consistency when utilised in other centres.
Differences in the definitions of poor response
are highlighted by the number of poor responders
identified in each of the studies (figures 1 and 6).
This review concentrated on studies using specific
terms stating what they believed to be poor response;
however, there were studies that divided TRG into two
groups but did not specifically state them as good and
poor responders; their results are consistent with the
range that is reported in this paper but differ in that
they show a good correlation to outcomes for their
[56]
presumed good and poor responders .
In relation to the original definitions, one study
showed that poor responders could be either those

WJG|www.wjgnet.com

Importance and implications for practice

Historically, the histopathological TRG systems were
developed without validation of the grading in relation
to outcomes, and evolution of these scales has
occurred with the presence of long-term prognostic
information. Histopathological TRG is also dependent
on thorough pathological sampling and comparisons
are not made to the pre-treatment biopsy; therefore,
high stromal content tumours are often given a better
regression grade, even though the high stroma may
not be due to regression. mrTRG may be one way
to respond to this, as it compares and examines the
whole tumour and because of the presence of onescale heterogeneity is reduced. mrTRG also better
distinguishes between good and poor response in
relation to survival. LR appears to be reported with a
large range using both histopathological and mrTRG
and may relate to surgical factors being the most
important issue in relation to this outcome.

Implications for research and further studies

Recent data from our centre would suggest that
mrTRG3, whilst traditionally considered a good
response, behaves more like the poor responder
[57]
group
and could be considered as a separate
[58]
group .
In summary, this paper has shown that across
the outcomes of LR, DR, DFS and OS, Mandard 1 to
2 and Dworak 3 to 4 could be used for defining good
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response and Mandard 3 to 5 and Dworak 0 to 2 for
poor response. These definitions may help in achieving
consensus in histopathological reporting. However,
these definitions do not always produce a significant
difference in the outcomes from the different studies
utilizing these definitions. Furthermore, there are
other definitions shown above which may also
differentiate good and poor response. This casts
doubt on the reliability of these scales in consistently
identifying good and poor responders. A preoperative
grading system, such as mrTRG, may be useful to
appropriately differentiate good and poor response,
thus guiding management decisions, and images
attained could effectively be attained by high resolution
MRI imaging.
A range of histopathological TRG scales is used
in clinical studies. Good and poor response are
heterogeneously described, even when using the
same histopathological regression scales. Across the
outcomes of LR, DR, DFS and OS, Mandard 1 to 2
and Dworak 3 to 4 could be used for defining good
response and Mandard 3 to 5 and Dworak 0 to 2 for
poor response. These definitions may help in achieving
consensus in histopathological reporting. Preoperative
mrTRG is similarly able to differentiate between good
and poor response based on outcomes.

This is an interesting review about neoadjuvant therapy for postoperative
outcome in rectal cancer.
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CASE REPORT

Ataxic gait following total gastrectomy for gastric cancer
Chang Ho Hwang, Dong Jin Park, Gyu Yeol Kim

Abstract

Chang Ho Hwang, Department of Physical Medicine and
Rehabilitation Medicine, Ulsan University Hospital, University
of Ulsan College of Medicine, Ulsan 44033, South Korea

A 58-year-old woman, who had undergone total gastre
ctomy for early gastric cancer 9 years previously, visited
the outpatient clinic complaining of progressive difficulty
in walking for 15 d. Laboratory examinations showed
macrocytic anemia and a decreased serum vitamin
B12 concentration and increased serum concentrations
of folate, vitamin E and copper. Magnetic resonance
imaging showed multifocal high signal intensities along
the posterior column of the cervical and thoracic spinal
cord. Treatment consisted of intramuscular injections
of vitamin B12 for 7 d, which increased her serum level
of vitamin B12 to normal. This was followed by weekly
intramuscular injections of vitamin B12 for another 2
wk and oral administration of vitamin B12 three times
per day. After comprehensive rehabilitation for 4 wk,
she showed sufficient improvements in strength and
ataxic gait, enabling her to return to her normal daily
activities.
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Core tip: Subacute combined degeneration (SCD)
of the spinal cord is defined as the degeneration of
the posterior and lateral columns of the spinal cord
due to vitamin B12 deficiency. Because vitamin B12
deficiency can occur after total gastrectomy, so can
SCD. Postoperative assessments have focused on the
recurrence of gastric cancer after surgery, with fewer
studies focusing on vitamin B12 deficiency, especially
because SCD is a long-term complication. This report
describes a patient who developed SCD after total
gastrectomy for gastric cancer. SCD due to vitamin B12
deficiency should be suspected in patients showing gait
disturbance after gastrectomy, even as a long-term
complication.
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Magnetic resonance imaging (MRI) showed multi
focal high signal intensities along the posterior column
of the cervical and thoracic spinal cord (Figures 1
[10]
and 2) . MRI of the brain showed minimal numbers
of small vessel ischemic lesions in the white matter
and mild ventriculomegaly. A nerve conduction study
showed sensory-motor peripheral polyneuropathy, and
a sensory evoked potential test showed a conduction
delay from the bilateral posterior tibial sensory nerve
to the somatosensory cortex. However, no definitive
abnormalities were observed on the visual evoked
potential test.
Treatment consisted of intramuscular injections of 5
mg/d vitamin B12 for 7 d, which increased her serum
level of vitamin B12 to normal. This was followed by
weekly intramuscular injections of 5 mg of vitamin B12
for another 2 wk and oral administration of 0.5 mg of
vitamin B12 three times per day. After comprehensive
rehabilitation for 4 wk, she showed sufficient impro
vements in strength and ataxic gait, enabling her to
return to her normal daily activities as a housewife.

INTRODUCTION
Subacute combined degeneration (SCD) of the spinal
cord is defined as the degeneration of the posterior
and lateral columns of the spinal cord as a result of
[1]
[2]
vitamin B12 , vitamin E, and copper deficiencies .
Vitamin B12 deficiency, the most frequent cause
of SCD, is associated with pernicious anemia, mal[3]
absorption of vitamin B12, intrinsic factor depletion,
and exposure to nitrous oxide. Mal-absorption of
vitamin B12 may also occur when intrinsic factor is not
produced by the stomach, including after total or sub[4,5]
total gastrectomy .
Vitamin B12 deficiency can cause a wide range
of hematological, gastrointestinal, psychiatric, and
neurological disorders. Neurologically, vitamin B12
deficiency can result in a multi-organ disorder involving
the spinal cord, especially the dorsal and lateral
[6]
columns, brain, and optic and peripheral nerves .
Abnormalities can include weakness in both the upper
and lower extremities, changes in mentality, and
[6]
decreased vision . Although SCD associated vitamin
B12 deficiency has been believed to be well researched
[7]
disease since the first report by Knox and Delamore
in 1960, the connection between the SCD and
gastrectomy is under-recognized, primarily because
[8,9]
SCD usually occurs about 10 years after surgery .
This report describes a patient who developed SCD 9
years after total gastrectomy.

DISCUSSION
Vitamin B12 deficiency can result in a defective
ability to synthesize myelin, resulting in the insidious
development of demyelinating vitamin B12 deficiency
neuropathy, often beginning in the peripheral nerves
and progressing to involve the posterior and lateral
[11]
columns of the spinal cord and the cerebellum .
The histo-pathological findings of SCD include patchy
losses of myelin, especially in the dorsal and lateral
[1]
columns of the spinal cord . This can result in impaired
proprioception of peripheral limbs and ataxic gait
[3]
disturbance . Symptoms of SCD can include abnormal
sensations, including peripheral polyneuropathy,
changes in mentality (i.e., nutritional encephalopathy),
and decreased vision (i.e., optic neuritis).
Because SCD is caused by a vitamin B12 deficiency,
it may occur after gastrectomy. However, its onset
is usually slow and insidious. The likely sequence of
events in the development of vitamin B12 deficiency
due to its inadequate absorption includes early changes
in bone marrow, occurring 1-2 years after inade
quate absorption of vitamin B12 begins, followed by
[11]
early myelin damage, occurring after 1.5-2 years .
Because severe myelin damage takes more than 3
years to develop, SCD first occurs many years after
gastrectomy. Reports have described the development
[9]
of neurological symptoms > 10 years and even 37
[8]
years after surgery.
Although postoperative follow-up focuses on the
recurrence of gastric cancer after surgery, fewer
[12]
studies have focused on vitamin B12 deficiency ,
especially because SCD is a long-term complication.
Nutritional status after gastrectomy is important, even
many years later. The increasing long-term survival
of patients who undergo surgery for early gastric
cancer, especially in the upper third of the stomach,

CASE REPORT
A 58-year-old woman, who had undergone total gas
trectomy for early gastric cancer 9 years previously,
visited the outpatient clinic complaining of progressive
difficulty in walking for 15 d. Symptoms included
allodynia (by light touch and pinprick, not by heat
and cold), a tingling sensation along both lower
limbs, ataxic gait disturbance, and decreased joint
sense of the knees. Computerized neurocognitive
tests showed reductions in memory and attention.
Laboratory examinations showed macrocytic anemia
and a decreased serum vitamin B12 concentration
(< 30 pg/ml; normal range, 197-894 pg/ml) and
increased serum concentrations of folate (32 ng/ml;
normal range, 2.0-19.9 ng/ml), vitamin E (32 ng/ml;
normal range, 5.5-17.0 ng/ml), and copper (157.99
mg/dl; normal range, 64-134 mg/dl). Her serum
concentrations of homocysteine (5.80 nmol/ml; normal
range, 3.36-20.44 nmol/ml) and methylmalonic acid
(3.4 mg/d; normal range, 0.00-10.0 mg/d) 15 d after
starting treatment were within normal ranges (Table 1).
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Case characteristics

A 58-year-old woman, who had undergone total gastrectomy for early
gastric cancer 9 years previously, visited the outpatient clinic complaining of
progressive difficulty in walking for 15 d.

Clinical diagnosis

Symptoms included allodynia (by light touch and pinprick, not by heat and
cold), a tingling sensation along both lower limbs, ataxic gait disturbance, and
decreased joint sense of the knees.

Differential diagnosis

HIV-associated vacuolar myelopathy, vitamin E deficiency, copper deficiency,
Friedreich’s ataxia, leukoencephalopathy

Figure 1 T2-weighted axial magnetic resonance image of the thoracic
spinal cord in the patient. The white arrow indicates high signal intensity in
the posterior column.

Laboratory diagnosis

Laboratory examinations showed macrocytic anemia and a decreased serum
vitamin B12 concentration and increased serum concentrations of folate,
vitamin E, and copper.

Imaging diagnosis

Magnetic resonance imaging showed multifocal high signal intensities along the
posterior column of the cervical and thoracic spinal cord.

Treatment

Intramuscular injections of vitamin B12.

Related reports

Vitamin B12 deficiency can result in a defective ability to synthesize myelin,
resulting in the insidious development of demyelinating neuropathy, often
beginning in the peripheral nerves and progressing to involve the posterior and
lateral columns of the spinal cord and the cerebellum.

Figure 2 T2-weighted sagittal magnetic resonance image of the thoracic
spinal cord in the patient. The white arrows indicate high signal intensity in
the posterior column.

Term explanation

Subacute combined degeneration (SCD) of the spinal cord is defined as the
degeneration of the posterior and lateral columns of the spinal cord due to
vitamin B12 deficiency.

Table 1 Laboratory examinations of the patient
Variable

Experiences and lessons

Value (normal range)

Vitamin B12
Folate
Vitamin E
Copper
Homocysteine
Methylmalonic acid

SCD due to vitamin B12 deficiency should be suspected in patients with
neurological disorders after gastrectomy, even as a long-term complication.

< 30 pg/mL (197-894 pg/mL)
32 ng/mL (2.0-19.9 ng/mL)
32 ng/mL (5.5-17.0 ng/mL)
157.99 mg/dL (64-134 mg/dL)
5.80 nmol/mL (3.36-20.44 nmol/mL)
3.4 mg/d (0.00-10.0 mg/d)
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Abstract
Schwannomas are mesenchymal tumors originating
from Schwann cells in peripheral nerve sheaths.
Although the tumor can be located in any part of
the human body, the most common locations are
the head, neck, trunk and extremities. Pancreatic
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[1]

cells of peripheral nerve sheaths . Most schwannomas
show either monosomy 22 or loss of 22q material;
however, the pathogenesis of the tumor remains
[2]
unclear . Schwannomas are generally encapsulated
[2]
tumors, and more than 90% of them are benign .
Schwannomas occur in patients with no obvious
gender difference and at all ages. However, patients
between 20 and 50 years of age were most frequently
reported. Surgery is the most common treatment
for schwannomas, and patients usually have a good
[3]
postoperative prognosis . While almost every part of
the human body can be involved, the most common
[3]
locations are the head, neck, trunk and extremities .
Pancreatic schwannomas are extremely rare. To our
knowledge, only 64 cases of pancreatic schwannomas
have been reported in the English literature over
[4-61]
the past 40 years
. Although most patients with
pancreatic schwannomas were symptomatic, a
considerable number of patients were asymptomatic
with tumors that were found incidentally. This paper
presents a case of pancreatic schwannoma in a
59-year-old female and a review of the literature.

schwannomas are rare. To our knowledge, only 64
cases of pancreatic schwannoma have been reported
in the English literature over the past 40 years. In
this paper, we present a pancreatic schwannoma in a
59-year-old female. Ultrasound, computed tomography
and magnetic resonance imaging revealed the tumor
located in the pancreatic body; however, accurate
diagnosis was hard to obtain preoperatively and a
pancreatic cystadenoma was preliminarily considered.
During laparotomy, the mass was found in the body
of the pancreas. An enlarged gallbladder with multiple
stones was also observed. We performed central
pancreatectomy, end-to-side pancreaticojejunostomy
and cholecystectomy. Notably, central pancreatectomy
has been reported in only one case prior to this
report. The gross specimen showed a mass with a thin
capsule, 1.6 cm × 1.1 cm × 1.1 cm in size. Microscopic
examination showed that the tumor was mainly
composed of spindle-shaped cells with palisading
arrangement and no atypia, which is consistent with a
benign tumor. Both hypercellular and hypocellular areas
were visible. Immunohistochemical staining revealed
strongly positive results for protein S-100. Finally,
the tumor was diagnosed as a schwannoma of the
pancreatic body. Postoperatively, the patient recovered
well and left the hospital 6 d later. During the 53-mo
follow-up period, the patient remained well and free of
complications.

CASE REPORT
On January 7, 2012, a 59-year-old female was referred
to our hospital because of a pancreatic mass found
during a routine health examination. The abdomen was
soft and nondistended without evidence of a palpable
mass. Her family history was not significant. Abnormal
laboratory results included: Unconjugated bilirubin, 2
μmol/L (normal, 3-14) and serum kalium, 3.42 mmol/L
(normal, 3.5-5.2). Ultrasound revealed a 1.4 cm × 1.3
cm, well-defined cystic lesion in the pancreatic body
(Figure 1A), as well as a 6.8 cm sized strong echo in
the gallbladder (Figure 1B). An unenhanced computed
tomography (CT) scan showed a 1.6 cm × 1.1 cm
well-defined hypodense mass in the pancreatic body
(Figure 2A). On the contrast-enhanced CT, the mass
was not enhanced (Figure 2B). On magnetic resonance
imaging (MRI), the mass in the pancreatic body and
gallbladder appeared hypointense on T1 weighted
images (Figure 3A). The mass in the pancreatic body
appeared inhomogeneously hyperintense and the
enlarged gallbladder appeared hyperintense on T2
weighted images (Figure 3B). We also performed
endoscopic ultrasound-guided fine needle aspiration
(EUS-FNA). However, the tumor sample was difficult
to acquire, and the procedure was unsuccessful.
According to these results, a pancreatic cystadenoma
and an enlarged gallbladder with multiple stones were
preliminarily considered.
After sufficient preparation and obtaining consent
from the patient and her family members, a laparotomy
was performed. A 1.5 × 1.0 cm mass surrounded by a
thin fibrous capsule was found in the pancreatic body.
An enlarged gallbladder with multiple stones was also
found. We performed central pancreatectomy, end-

Key words: Pancreaticojejunostomy; Schwannoma;
Pancreas; Central pancreatectomy; S-100
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Over the past 40 years, only 64 cases of
pancreatic schwannomas have been reported in
the English literature. It is a considerable challenge
to obtain a precise preoperative diagnosis, despite
the application of multiple imaging modalities. We
present a patient with a pancreatic schwannoma and
enlarged gallbladder with multiple stones. After central
pancreatectomy, end-to-side pancreaticojejunostomy
and cholecystectomy, the patient recovered quickly and
had a good prognosis. In this study, we focused on the
diagnosis and treatment of a pancreatic schwannoma
and conducted a literature review to deepen the
understanding of the subject.
Xu SY, Sun K, Owusu-Ansah KG, Xie HY, Zhou L, Zheng SS,
Wang WL. Central pancreatectomy for pancreatic schwannoma:
A case report and literature review. World J Gastroenterol 2016;
22(37): 8439-8446 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i37/8439.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i37.8439
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Figure 1 Ultrasound findings. A: Ultrasound revealed a 1.4 cm × 1.3 cm, well-defined cystic lesion (arrow) in the pancreatic body; B: A 6.8 cm sized strong echo (arrow)
was shown in the gallbladder.
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Figure 2 Computed tomography findings. A: An unenhanced CT scan showed a 1.6 cm × 1.1 cm well-defined hypodense mass (arrow) in the pancreatic body; B:
On the contrast-enhanced CT, the mass (arrow) was not enhanced. CT: Computed tomography.
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Figure 3 Magnetic resonance imaging findings. A: The mass in the pancreatic body (red arrow) and gallbladder (green arrow) appeared hypointense on T1
weighted images; B: The mass in the pancreatic body (red arrow) appeared inhomogeneously hyperintense and the enlarged gallbladder (green arrow) appeared
hyperintense on T2 weighted images.

to-side pancreaticojejunostomy, cholecystectomy
and inserted a pancreatic stent. Intraoperative frozen
pathology revealed a schwannoma in the pancreatic
body.
Macroscopically, the mass in the pancreatic body
measured 1.6 cm × 1.1 cm × 1.1 cm. Microscopically,
the tumor, surrounded by a thin capsule, was mainly
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composed of spindle-shaped cells with palisading
arrangement and no atypia, which was consistent
with a benign schwannoma. Both hypercellular and
hypocellular areas were visible (Figure 4). Immunohis
tochemical staining was strongly positive for protein
S-100 (Figure 5) and negative for SMA, CD34 and
CD117. The final diagnosis was a schwannoma of the
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A

B

Figure 4 Microscopic examination. A: A thin capsule (black arrow) was found between the tumor (red arrow) and pancreatic (green arrow) tissues (HE, 40 ×).
B: The tumor was mainly composed of spindle-shaped cells with palisading arrangement and no atypia, which is consistent with a benign schwannoma. Both
hypercellular and hypocellular areas were visible (HE, 200 ×). HE: Hematoxylin and eosin.

were summarized as the mean ± SD and range. The
Student’s t test was used for comparisons of continuous
variables. Statistical analyses were conducted using
SPSS version 20.0 for Windows (SPSS Inc., Chicago,
IL, United States). All tests for significance were twosided, and p values < 0.05 were considered statistically
significant.
Precise preoperative diagnosis of a pancreatic
schwannoma is challenging because the clinical symp
toms and radiological characteristics of schwannomas
are nonspecific. Definitive diagnosis can be achieved
only based on the combined results of histopathological
and immunohistochemical examinations of surgical
specimens. Microscopically, pancreatic schwannomas
are encapsulated tumors that consist of hypercellular
(Antoni type A area) and hypocellular areas (Antoni
type B area) with varying amounts of these histological
[22]
components . The hypercellular area consists of
closely packed spindle cells with occasional nuclear
palisading as well as Verocay bodies. The hypocellular
area is composed of loosely arranged tumor cells and
[6]
abundant myxoid stroma . Occasionally these may
[18]
become cystic, hemorrhagic and calcified . More than
90% of pancreatic schwannomas are benign. However,
malignant pancreatic schwannomas have been reported
[22,57,59-61]
in 5 cases (7.69%)
. Immunohistochemically,
schwannomas show strongly positive staining for S-100
and negative staining for desmin, smooth muscle
[16,67]
myosin, SMA, CD34 and CD117
.
Accurate diagnosis of a pancreatic schwannoma
prior to operation is nearly impossible. US, CT and MRI
can be performed to establish a probable diagnosis.
A pancreatic schwannoma usually appears as a welldefined hypodense lesion on US and shows no echoic
enhancement with color Doppler. On unenhanced CT
scan, schwannomas are usually well-defined hypodense
lesions with encapsulation and/or cystic degeneration.
Schwannomas with high Antoni A areas show high
density and have a heterogeneous appearance due
to high cellularity and increased lipid content. Antoni
B areas of schwannomas appear cystic and show low

Figure 5 Immunohistochemical staining. The tumor revealed strongly
positive staining for S-100 (HE, 200 ×). HE: Hematoxylin and eosin.

pancreatic body. Postoperatively, the patient recovered
well and left the hospital 6 d later with no evidence of
postoperative pancreatic fistula. During the follow-up
period of 53 mo, the patient remained well without any
complications.

DISCUSSION
Schwannomas are neoplasms that originate from the
[62]
Schwann cells of nerve sheaths . More than 90% of
schwannomas are benign and manifest in approximately
[63]
5% of cases as benign soft-tissue neoplasms .
Schwannomas can occur in patients of any age with
no obvious gender difference. However, they are most
commonly found in patients aged between 20 years
and 50 years. Although nearly any part of the human
body can be involved, the head, neck and extremities
[64]
are the most common sites . In the abdominal cavity,
the retroperitoneum (6% of primary retroperitoneal
[65]
[66]
tumors) and stomach are the most common sites
involved. Schwannomas of the pancreas are rare. Table
1 summarizes the important available clinicopatho
logical characteristics of the 64 cases reported in the
[4-61]
English literature over the past 40 years
and the
case presented in our study. Continuous variables
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EUS-FNA. However, a sample of the tumor was difficult
to acquire because of the small tumor size and the
procedure was unsuccessful.
Surgery is the optimal treatment for pancreatic
schwannoma. As tumors could be located in different
parts of the pancreas, surgical methods vary acc
ordingly. In the present case, laparotomy permitted
discovery of the mass in the body of the pancreas.
An enlarged gallbladder with multiple stones was also
found. We performed central pancreatectomy, endto-side pancreaticojejunostomy, cholecystectomy
and inserted a pancreatic stent. To date, central
[5]
pancreatectomy had been reported in only one case
prior to this study. Compared with traditional distal
pancreatectomy and splenectomy for tumors in the
body or tail of the pancreas, central pancreatectomy
can not only completely resect the tumor, but also
preserve the distal pancreas and spleen, which is
beneficial to patients. Following complete tumor
excision, patients with pancreatic schwannomas
generally have a good prognosis.
In conclusion, a schwannoma of the pancreas is
rare. To our knowledge, only 64 cases of pancreatic
schwannoma have been reported in the English
literature over the past 40 years. Precise preoperative
diagnosis is challenging despite the application of
multiple imaging modalities. Surgery is the most
effective treatment for pancreatic schwannoma.
As tumors could be located in different parts of the
pancreas, surgical methods vary accordingly. Following
complete tumor removal, patients with pancreatic
schwannomas generally have a good prognosis.

Table 1 Summary of clinicopathological data from all 65
cases of pancreatic schwannoma
n (%) or mean ± SD (range)
Age (yr) (n = 64)
Mean
Sex (male/female), (male %) (n = 64)
Symptoms1 (n = 64)
Asymptomatic
Symptomatic
Abdominal pain
Weight loss
Back pain
Nausea/vomiting
Anorexia
Abdominal mass
Anemia
Melena
Jaundice
Abdominal discomfort
Location (n = 65)
Head
Head/body
Body
Body/tail
Tail
Uncinate process
Mean size (cm)
Benign
Malignant
Operation (n = 65)
PD2
PPPD
DP3
Enucleation
Central pancreatectomy
Unresectable
Refused
Not specified
Histology (n = 65)
Malignant
Benign
Not specified
Nature of tumor (n = 65)
Solid
Cystic
Solid and cystic
Not specified
Mean follow-up months (n = 29)
Died of disease

55.22 ± 15.26 (20-87)
29/35 (45.31)
24 (37.50)
28 (43.75)
8 (12.50)
4 (6.26)
3 (4.69)
2 (3.13)
1 (1.56)
2 (3.13)
2 (3.13)
2 (3.13)
1 (1.56)
26 (40.00)
3 (4.62)
15 (23.08)
7 (10.78)
7 (10.78)
7 (10.78)
5.83 ± 4.59 (1-20)
56 (5.27 ± 3.95 ) (1-20)
4 (13.75 ± 6.24) (7-20)
20 (30.77)
2 (3.08)
16 (24.62)
9 (13.85)
2 (3.08)
2 (3.08)
1 (1.54)
13 (20.00)

COMMENTS
COMMENTS

5 (7.69)
59 (90.77)
1 (1.54)

Case characteristics

A 59-year-old female was referred to our hospital because of a pancreatic mass
found during a routine health examination.

17 (26.15)
28 (43.08)
14 (21.54)
6 (9.23)
20.59 ± 17.76 (3-66)
0

Clinical diagnosis

The abdomen was soft and nondistended without evidence of a palpable mass.

Differential diagnosis

Differential diagnoses included intraductal papillary mucinous neoplasm,
mucinous cystic neoplasm, solid pseudopapillary tumor, pancreatic endocrine
tumor or pancreatic ductal adenocarcinoma.

1

Some patients had several symptoms; 2One patient underwent resection
of portal vein; 3One patient underwent resection of transverse colon.
M: Male; F: Female; NA: Not available; DP: Distal pancreatectomy;
PD: Pancreaticoduodenectomy; PPPD: Pylorus preserving pancrea
ticoduodenectomy.

Laboratory diagnosis

Abnormal laboratory results included: Unconjugated bilirubin, 2 μmol/L (normal,
3-14) and serum kalium 3.42 mmol/L (normal, 3.5-5.2).

[10]

density due to loose stroma and low cellularity .
On contrast-enhanced CT, the Antoni A areas are
usually enhanced, whereas the Antoni B areas are
[7]
unenhanced . On MRI, a typical schwannoma appears
hypointense in T1-weighted images and appears inho
[16]
mogeneously hyperintense in T2-weighted images .
EUS-FNA may greatly contribute to precise preoperative
[28]
diagnosis. In a case reported by Li et al , a pancreatic
schwannoma was accurately diagnosed preoperatively
by EUS-FNA. In the present study, we also attempted
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Imaging diagnosis

Ultrasound revealed a 1.4 cm × 1.3 cm, well-defined cystic lesion in the
pancreatic body, as well as a 6.8 cm sized strong echo in the gallbladder. An
unenhanced computed tomography (CT) scan showed a 1.6 cm × 1.1 cm welldefined hypodense mass in the pancreatic body. On the contrast-enhanced CT,
the mass was not enhanced. On magnetic resonance imaging, the mass in the
pancreatic body and gallbladder appeared hypointense on T1 weighted images.
The mass in the pancreatic body appeared inhomogeneously hyperintense and
the enlarged gallbladder appeared hyperintense on T2 weighted images. We
also performed Endoscopic ultrasound-guided fine needle aspiration. However,
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the tumor sample was difficult to acquire, and the procedure was unsuccessful.
According to these results, a pancreatic cystadenoma and an enlarged
gallbladder with multiple stones were preliminarily considered.

9

10

Pathological diagnosis

Microscopic examination revealed a tumor composed mainly of spindleshaped cells with palisading arrangement and no atypia, which is consistent
with a benign tumor. Both hypercellular and hypocellular areas were visible.
Immunohistochemical staining was strongly positive for protein S-100. Finally,
the tumor was diagnosed as a schwannoma of the pancreatic body.

11

12

Treatment

The patient underwent central pancreatectomy, end-to-side pancreaticojejunostomy
and cholecystectomy.

13

Related reports

14

Schwannoma of the pancreas is rare. Over the past 40 years, only 64 cases of
pancreatic schwannomas have been reported in the English literature.

Experiences and lessons

15

Precise preoperative diagnosis is challenging despite the application of multiple
imaging modalities. Surgery is the most effective treatment for pancreatic
schwannoma. As tumors could be located in different parts of the pancreas,
surgical approach varies accordingly. Following complete tumor removal,
patients with pancreatic schwannomas generally have a good prognosis.

16

Peer review

This manuscript is an interesting surgical case report, good literature review, and
well written. This study highlights the diagnosis and treatment of a rare pancreatic
schwannoma and presents a literature review to deepen the understanding of the
subject. The information included is worthwhile to the reader.

17
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Antiviral therapy of hepatitis C as curative treatment of
indolent B-cell lymphoma
Michele Merli, Giuseppe Carli, Luca Arcaini, Carlo Visco

Abstract

Michele Merli, Division of Hematology, University Hospital
Ospedale di Circolo & Fondazione Macchi, University of
Insubria, 36100 Varese, Italy

The association of hepatitis C virus (HCV) and B-cell
non-Hodgkin lymphomas (NHL) has been highlighted
by several epidemiological and biological insights;
however the most convincing evidence is represented
by interventional studies demonstrating the capability
of antiviral treatment (AT) with interferon (IFN) with
or without ribavirin to induce the regression of indolent
lymphomas, especially of marginal-zone origin. In the
largest published retrospective study (100 patients) the
overall response rate (ORR) after first-line IFN-based
AT was 77% (44% complete responses) and responses
were sustainable (median duration of response 33
mo). These results were confirmed by a recent metaanalysis on 254 patients, demonstrating an ORR of
73%. Moreover this analysis confirmed the highly
significant correlation between the achievement of viral
eradication sustained virological response (SVR) and
hematological responses. Two large prospective studies
demonstrated that AT is associated with improved
survival and argue in favor of current guidelines’
recommendation of AT as preferential first-line option
in asymptomatic patients with HCV-associated indolent
NHL. The recently approved direct-acting antiviral
agents (DAAs) revolutionized the treatment of HCV
infection, leading to SVR approaching 100% in all
genotypes. Very preliminary data of IFN-free DAAs
therapy in indolent HCV-positive NHL seem to confirm
their activity in inducing lymphoma regression.
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Core tip: In the last decade many clinical studies
demonstrated that front line antiviral therapy (AT)
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replication”). Also from the biological point of view a
great expectation is represented by the introduction in
HCV-related B-cell non-Hodgkin lymphomas (B-NHL)
of the new direct-acting antiviral agents (DAAs) that,
after nearly 25 years of interferon (IFN)-based therapy,
are revolutionizing HCV treatment by inducing nearly
100% sustained virological responses (SVRs). As the
cytostatic effect of IFN could not be completely ruled
out, the evaluation of new “IFN-free” AT as curativeintent primary treatment of HCV-associated indolent
lymphomas may ultimately clarify the real grade HCVdependency of different lymphoma subtypes. Recent
case reports seem to confirm the efficacy of different
new schedules of IFN-free AT in inducing lymphoma
regression, however more large and possibly pros
pective series are needed to clarify this issue. If this
would be proven by prospective studies, IFN-free AT
may be regarded as a real “chemo-free” targeted
therapy for HCV-related indolent lymphomas.
The aim of this paper is to summarize the up-to
now reported experiences with both IFN-based and
new DAA-based AT delivered as curative treatment in
patients with HCV-associated indolent B-NHL.

with interferon (IFN) and ribavirin, is able to induce a
70%-75% response rate in patients with hepatitis C
virus (HCV)-associated indolent non-Hodgkin lymphoma
who do not need immediate conventional treatment.
Hematological response was durable, and invariably
related to the viral eradication. International guidelines
indicate that AT should be the treatment of choice in
such patients. Very preliminary data about the use of
the new direct-acting antiviral agents (DAAs) suggest
a similar activity in inducing lymphoma response. We
discuss available literature about IFN-based AT and
preliminary experiences with DAAs in the treatment of
HCV-associated indolent lymphomas.
Merli M, Carli G, Arcaini L, Visco C. Antiviral therapy of
hepatitis C as curative treatment of indolent B-cell lymphoma.
World J Gastroenterol 2016; 22(38): 8447-8458 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i38/8447.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i38.8447

INTRODUCTION
The association between hepatitis C virus (HCV) and
B-cell non-Hodgkin lymphomas (NHL) is now widely
accepted, as a result of the large body of evidences
from epidemiological, biological and especially the
rapeutic studies carried out in the last 15 years.
Among B-cell NHL indolent subtypes, HCV has been
consistently associated with marginal-zone lymphomas
(MZL), while within aggressive histotypes the highest
correlation has been found with diffuse large B-cell
[1-3]
lymphomas (DLBCL) .
The most convincing argument in favor of an
etiological link between HCV and specific histotypes
of B-cell NHL is indeed represented by the highly
frequent success of HCV-directed antiviral therapy (AT)
in inducing lymphoma regression in patients with HCVpositive indolent lymphomas. Across all the published
studies, lymphoma response has been significantly
related to the obtainment of viral eradication. As a
result, current international guidelines support the use
of front-line AT in asymptomatic patients with HCVassociated indolent lymphomas who do not require
immediate conventional immune-chemotherapy
[2]
approach .
Many pathogenetic models have been proposed
to elucidate possible mechanisms of HCV-related
lymphomagenesis and consequential lymphoma
regression induced by AT-induced viral eradication:
The most accepted and supported by experimental
evidences rely on chronic antigenic stimulation of
lymphocyte receptors by viral antigens resulting in B
cells proliferation, similarly to the Helicobacter pyloriinduced gastric MALT lymphoma (“antigen-driven
[1]
proliferation”) and, alternatively, on HCV replication
inside B-cells with oncogenic effects mediated by
intracellular viral proteins HCV (“intracellular viral

WJG|www.wjgnet.com

HCV INFECTION AND INDOLENT
LYMPHOMAS
Epidemiological studies

It is estimated that 3% of the world population (170
million people) is chronically infected by HCV. HCV
prevalence varies consistently in different geographic
areas, with lowest rates being reported in Northern
Europe and Scandinavia (0.1%-0.4%) while in Italy,
Egypt, Japan and southern parts of United States,
prevalence estimates exceeds 2%. HCV has been
linked to a spectrum of lymphoproliferative disorders
[2]
with or without cryoglobulinemia . The first evidences
about the link between HCV and B-NHL were
established by epidemiologic studies. A recent updated
meta-analysis including 19 case-control studies (9038
cases and 12224 controls) and 4 cohort studies
confirmed the previous reported data of 2.0-2.5-fold
increased risk of developing B-cell NHL in HCV-infected
patients (2.4 relative risk in case-control studies and 2.0
in cohort studies), with higher risk in countries with
[3]
higher HCV prevalence . For instance, in countries
with high HCV prevalence like Italy (4.4%; 1.6%
[4]
in the North and 7.3% in the South) , the fraction
of B-cell NHL attributable to HCV may be estimated
close to 10%, while in countries with low prevalence
as in Northern Europe only < 1% of B-NHL may be
[5]
considered to be linked to HCV . Concerning specific
NHL subtypes, the large international “Interlymph”
study reported a significant association of HCV infection
and MZL (OR = 2.47), DLBCL (OR = 2.24), and
[6]
lymphoplasmacytic lymphoma (LPL, OR = 2.57) .
Moreover, retrospective studies reported a high HCV
seroprevalence among patients features suggesting
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the transformation from a previously unrecognized
[11-13]
low with MZL and DLBCL
. Notably, many studies
focusing on HCV-positive DLBCL showed histologic as
[12-15]
well as molecular -grade lymphoma, mainly MZL
.
An interesting confirmation of the association of
HCV and B-cell NHL may be argued by a Japanese large
cohort prospective study evaluating the differential rate
of NHL development in two cohorts of HCV-infected
patients treated (n = 2701) or not (n = 501) with IFNbased AT. While in patients who received IFN without
obtaining SVR the rate of new diagnosis of NHL resulted
similar to those who did not receive IFN (0.4%, 1.5%
and 2.6% at 5, 10 and 15 years, respectively), no
patient obtaining SVR after AT developed NHL. In other
words, the eradication of HCV infection by AT was
[16]
able to prevent the development of lymphoma . A
confirmation of these findings was recently furnished
by a Taiwanese population-based cohort study (11.679
HCV and 46716 non-HCV patients followed for 8 years).
The incidence rates of NHL were significantly greater
in the HCV cohort than the non-HCV cohort (37.0
vs 17.5 per 100000 person-years) and multivariate
analysis showed that HCV infection was associated
with an increased rate of NHL (HR = 2). Noteworthy,
similarly to the Japanese study, the incidence rate of
NHL development was 0 per 100000 person-years in
HCV-patients who received IFN-based AT (n = 958)
compared with 41 per 100000 person-years in the
[17]
untreated group .

entity of extranodal MALT MZL of the skin has been
characterized in 12 HCV-positive patients, who
presented single or multiple subcutaneous “lipomalike” nodules and displayed indolent clinical course
[25]
and responsiveness to AT . LPL and Waldenström
macroglobulinemia have been associated with HCV
infection and mixed cryoglobulinemia in some but not
[26]
all series, perhaps related to geographic differences .
Follicular lymphoma (FL) and small lymphocytic
lymphoma (SLL), on the contrary, have been rarely
associated with HCV infection. Other residual cases of
low-grade miscellaneous lymphoproliferative disorders
frequently reported as low-grade “B-NHL not otherwise
specified” (B-NHL NOS), characterized by exclusive
bone marrow and leukemic involvement with flow
cytometry features different from those of chronic
lymphocytic leukemia (CLL), have been sometimes
[27]
associated with HCV infection .
Besides reports focusing specifically on single HCVassociated histotypes of indolent NHL, two different
large prospective observational studies provided a
comprehensive overview of subtypes distribution and
clinical picture of HCV-positive NHL. The French “ANRS
Lympho-C” observational study enrolled between 2006
and 2012 116 consecutive patients with HCV infection
and a new diagnosis of NHL, including 39%MZL
and 39% DLBCL. Median age was 62 years, 52%
had genotype 1 and 25% genotype 2. Patients with
MZL had more frequently serum rheumatoid factor
positivity (68% vs 35%) and monoclonal component
[28]
(74% vs 44%) with respect to patients with DLBCL .

Clinical and pathological studies

In the WHO classification (2008) three MZL entities are
[18]
listed : SMZL, NMZL and extranodal MZL of MALTtype (MALT lymphoma). Marginal zone B-cells play an
important role in various infectious and autoimmune
conditions and marginal zone-related neoplasms
often retain features of these cells. In addition to
epidemiological studies, the association between
HCV and MZL is supported by several large clinicalpathological MZL series, especially in SMZL. In a large
multicentre series of SMZL from Italy HCV serology
was positive in 49 out of 255 available cases (19%),
who presented with more frequent presence of nodal
disease, cryoglobulinemia and serum monoclonal
[7]
component . In 2005, French authors described a
clinical trial of SMZL with villous lymphocytes, type
Ⅱ mixed cryoglobulinemia and HCV infection in 18
[24]
patients . NMZL is a rare entity accounting for less
[10]
than 2% of NHL; in the largest published series ,
HCV serology was positive in 9 out of 38 patients
(24%). Considering MALT lymphomas, a multicenter
Italian study on 172 patients, pointed out the high
rate of positivity of HCV serology (35%), with 92% of
tested cases being positive for HCV-RNA. Interestingly,
a prominent prevalence of HCV infection was reported
in three peculiar MALT lymphoma sites: Salivary
[10]
glands (47%), skin (43%) and orbit (36%) . At
this regard a new peculiar clinical and pathological

WJG|www.wjgnet.com

ANTIVIRAL TREATMENT OF HCVPOSITIVE INDOLENT LYMPHOMAS
[30]

The seminal work by Hermine et al
in SMZL with
villous lymphocytes in 2002 has opened the way to
several following consistent data from the literature
demonstrating that AT should be considered as a
reliable frontline approach in HCV-associated indolent
lymphomas when there is no immediate need of
conventional treatment. Such behaviour has been
recommended by recently updated haematological
[31]
[32]
[33]
(ESMO
and NCCN ) and hepatological (EASL )
international guidelines. Among specific NHL subtypes,
this treatment modality has been more frequently
adopted in MZL although many studies in IFN era
extended the validity of this approach for all indolent
histologies when associated to HCV infection. Table 1
summarizes the results of anti-lymphoma IFN-based
AT experiences [with or without ribavirin (RBV)] in lowgrade NHL.
On the contrary, front-line AT it is clearly insufficient
in HCV-positive aggressive lymphomas and could not
be considered as a curative treatment modality in
this setting, in which an immediately active therapy is
needed. However AT may be a logical recommendation
in HCV-positive DLBCL after completion of standard
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Table 1 Interferon-based antiviral treatment in hepatitis C virus-infected patients with low-grade non-Hodgkin lymphomas
Year

No. of
patients

Diagnosis

Genotypes

Cryoglobulinemia

Antiviral
treatment

Virologic
response

NHL response

NA
NA

-

α-IFN
α-IFN

1
NA

1 PR
1 CR

NA
2a/2c
NA
NA

6
1

α-IFN
α-IFN
α-IFN
α-IFN

2 CR
1 CR
7 CR
1 CR

NA
NA
3a (n = 1), 5a (n
= 1)
1b
4c/4d

8

α-IFN
α-IFN-2b + RBV
α-IFN-2b + RBV

NA
1
7
Decreased
HCV-RNA
2
11/16
5 SVR, 2 PR

2 CR
16 CR
5 CR

5

Peg-IFN + RBV

7 SVR, 1 PR

7 CR, 2 PR

-

Peg-IFN + RBV

1

CR

18

α-IFN (+ RBV in
10)

14 CR, 4 PR

14 CR, 4 PR

2

Peg-IFN + RBV

2 CR

1 CR, 1 PR

13

α -IFN + RBV (n =
8)
Peg-IFN + RBV (n
= 10)

9 SVR

9 CR, 4 PR

Bauduer[35]
1996
Caramaschi et al[36] 1999

1
1

Moccia et al[37]
Patriarca et al[38]
Hermine et al[30]
Casato et al[39]

1999
2001
2002
2002

3
1
9
1

MZL of MALT (oral cavity)
MZL of MALT (salivary
glands)
SMZL
LPL
SLVL
Leukemic MZL

Pitini et al[63]
Tursi et al[64]
Kelaidi et al[41]

2004
2004
2004

2
16
8

SMZL
MZL of MALT (stomach)
SMZL (n = 4)

Vallisa et al[42]

2005

13

Svoboda et al[65]

2005

1

Saadoun et al[24]

2005

18

Paulli et al[25]

2009

2

Mazzaro et al[43]

2009

18

Disseminated MZL (n = 1)
Leukemic MZL (n = 1)
MZL of MALT (n = 2) (1
duodenus; 1 ileus)
SMZL (n = 4)
1b (n = 2), 2b (n
= 1)
NMZL (n = 2)
2a/2c (n = 1), 1b
(n = 1)
MZL of MALT (n = 2)
1b (n = 2)
FL (n = 1)
2a
LPL (n = 4)
2a/2c (n = 1), 1b
(n = 1),
na (n = 2)
MZL of MALT (salivary
2b
gland, liver)
SLVL
1 (n = 7)
2 (n = 4)
3 (n = 1)
4 (n = 1)
Subcutaneous MZL of
2a/2c, 2b
MALT
1 SLVL
1b (n = 11)
1 FL

2a/2c (n = 7)

16 LPL
B-NHL (liver)
3 SMZL
3 MZL of MALT
1 NMZL
2 FL
LPL

2a
1b (n = 2)
2 (n = 2)
2a (n = 2)
2a/2c (n = 3)
1b

4

Peg-IFN + RBV
Peg-IFN + RBV

SVR
7 SVR

CR
5 CR, 2 PR

1

SVR

CR

34

Peg-IFN + RBV
(2nd line)
α-IFN (n = 33) (+
RBV in 26)
Peg-IFN (n = 67)
(+ RBV in 57)

80% SVR

44% CR, 33%
PR

67% SVR

56% CR, 29%
PR

Oda et al[66]
Pellicelli et al[67]

2010
2011

1
9

Mauro et al[68]

2012

1

Arcaini et al[45]

2014

100

23 SMZL

1 (n = 37)

(1st-line)

12 NMZL

2 (n = 52)
3 (n = 5)
5 (n = 1)
NA (n = 5)

34

25 MZL of MALT
7 LPL
5 FL
1 SLL
27 Low-grade NHL NOS
12 SMZL

(2nd-line)

2 NMZL

2 (n = 13)

6 MZL of MALT
2 LPL
7 FL
3 SLL
2 Low-grade NHL NOS

3 (n = 2)
5 (n = 1)
NA (n = 4)
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1 (n = 15)
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α-IFN (n = 14) (+
RBV in 10)
Peg-IFN (n = 20)
(+ RBV in 15)
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Michot et al[28]

2015

14
(AT alone)
8 (At +
Rituximab)

14 MZL

NA

NA

8 MZL

NA

NA

Peg-IFN + RBV (n 79% SVR (AT 57% CR, 21%
= 12)
alone)
PR
PegIFN + RBV + 4 NA (AT + 38% CR, 62%
Rituximab (n = 8) Rituximab)
PR

SMZL: Splenic marginal zone lymphoma; NMZL: Nodal marginal zone lymphoma; SLVL: Splenic lymphoma with villous lymphocytes; MZL: Marginal
zone lymphoma; FL: Follicular lymphoma; LPL: Lymphoplasmacytic lymphoma; MCL: Mantle cell lymphoma; SLL: Small lymphocytic lymphoma; NHL:
Non-Hodgkin lymphoma; NOS: Not otherwise specified; IFN: Interferon; RBV: Ribavirine; CR: Complete response; PR: Partial response; SVR: Sustained
virologic response.

R-CHOP immune-chemotherapy with the aim to eli
minate a potential lymphoma trigger and reduce the
[14,34]
risk of relapse
.

associated to clearance of HCV viral load, as 7 out of
9 responders achieved prior SVR. Although number
of cases was small, this study suggested for the first
time that AT with peg-IFN and RBV may be equally
effective also in a wide range of HCV-positive lowgrade NHL subtypes other than MZL, as CRs were
actually observed without significant differences in all
indolent NHL histologies (2 out of 4 non-MZL and 5 out
of 8 MZL).
[43]
In 2009 Mazzaro et al , reported a series of 18
patients with HCV-positive low grade B-cell NHL (16
LPL, 1 FL, 1 SLVL) treated frontline with PEG-IFN
or standard IFN (plus RBV). SVR and CRs resulted
higher in the group treated with PEG-IFN (6 out of
10 patients, 60%) with respect to the group treated
with standard IFN (3 out of 8 patients, 37%). All the
9 patients who obtained SVR experienced also CR of
lymphoma, thus confirming the previously found strict
relationship between the achievement of virological
and hematological CR.


First experiences (2002-2011) in the interferon era

The majority of the initial studies reporting the use of
IFN as primary lymphoma treatment in HCV-infected
patients diagnosed with a lymphoproliferative disorder
[35-39]
relied on single case reports or small case series
,
and included also patients with type-2 mixed cryog
lobulinemia with evidence of B-cell monoclonality (IgH
[40]
and/or Bcl-2 rearrangement) .
[30]
In 2002 Hermine et al
reported data on AT in
9 patients with splenic lymphoma with villous lymph
ocytes and HCV infection treated with IFN-2αb. Six
patients presented also symptomatic cryoglobulinemia.
Complete hematological response and SVR were
observed in 7 out of 9 patients. The remaining 2 patients
who did not respond were subsequently treated with
IFN plus RBV and obtained HCV-RNA clearance as well
as lymphoma response [one complete response (CR)
and one partial response (PR)]. In contrast, none of
6 matched patients with SLVL without HCV infection
treated with IFN experienced any grade of lymphoma
regression.
In 2005 the same French group expanded these
results in 18 patients with chronic HCV infection, mixed
cryoglobulinemia and SLVL treated with IFN (+ RBV
in 10). Fourteen patients (78%) obtained a CR after
clearance of HCV-RNA. Two patients who obtained only
a virologic PR and 2 non-responders achieved never
theless a PR of lymphoma, with an overall response
[24]
rate (ORR) of 100% .
Another study reported the use AT with IFN and
RBV as first-line treatment in 8 HCV-positive patients
with different MZL subtypes (4 SMZL with or without
villous lymphocytes; 1 disseminated MZL, 1 leukemic
MZL and 2 intestinal MALT-lymphomas): Overall, 5
out of 8 patients (60%) obtained a CR of lymphoma,
[41]
which was related to SVR in the majority of cases .
Among most significant initial experiences, an
Italian multicenter study reported results of AT in
13 HCV-infected patients with various low-grade B[42]
NHL subtypes . All patients received peg-IFN and
RBV, 10 as first-line and 3 as second or third-line of
therapy. Among 12 assessable patients, 7 achieved
CR, 2 PR (ORR = 75%), 2 had stable disease (SD) and
one progressed during therapy. Similarly to previous
reports, hematologic responses resulted significantly
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Most recent studies (2014-2015)

In 2014, the Fondazione Italiana Linfomi (FIL) reported
data[45] on 100 patients with HCV-positive indolent NHL
(23 SMZL, 12 NMZL, 25 MALT-lymphomas, 7 LPL, 5
FL, 1 SLL, 27 indolent B-NHL NOS), all characterized
by an indolent course of disease without the need
to receive immediate conventional anti-lymphoma
therapy, were treated with first-line AT. Thirty-three
patients received IFN and 67 received PEG-IFN-based
AT (with or without RBV). Six patients discontinued
AT due toxicity, while 7 patients interrupted early AT
due to lymphoma progression and lack of virological
response. Forty-four (44%) patients achieved a CR
and 33 (33%) a PR, with an ORR of 77%; 14 patients
had SD. Median duration of response (DOR) was 33
months. A SVR was achieved in 80 patients (80%).
Lymphoma response resulted signiﬁcantly associated
to the achievement of a SVR (P = 0.003) while it was
not recorded a significant difference in ORR between
patients with MZL or non-MZL histology (82% vs
70%, P = 0.3). At a median follow-up of 3.6 years, 9
patients progressed and 13 experienced lymphoma
relapse after initial response to AT, with a resulting
5-year PFS of 63%. Five-year OS was 92%; only 2
patients died due to lymphoma progression.
Thirty-four patients were treated with second-line
AT for relapse after a conventional first-line therapy:
Among them, 19 (56%) achieved a CR and 10 (29%)
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a PR (ORR 85%); a SVR was achieved in 22 patients
(67%). The median DOR was 26 months and 5-year
PFS was 63%.
These recent data unequivocally confirm the high
rates of lymphoma regression in patients with HCVpositive indolent NHL treated with AT without significant
differences between various histologies, although MZL
represent the more frequent subtype. Moreover, the
established association of hematological response with
virological response confirms previous findings and is
in accordance with the proposed pathogenetic model of
chronic antigenic stimulation in HCV-positive indolent
lymphoma, thus underlying the importance of virus
eradication.
Another large cohort of patients with HCV-NHL
(n = 116), including 45 patients with MZL, was
recently published. However, of 38 patients with
MZL treated with IFN-based AT, only 14 received AT
alone, while 8 patients with high tumor burden were
treated with AT with the addition of 4 weekly dose of
rituximab, a schedule adopted from therapy of type
2 cryoglobulinemia. Among the 14 patients receiving
with AT alone, 8 obtained a CR and 3 a PR (ORR 79%),
while all patients treated with the combination of AT
and rituximab responded (3 CR, 5 PR; ORR 100%).
A highly relevant finding confirmed independently
by the two last cited studies is represented by the
positive impact of AT on the prognosis of the patients
with HCV-associated indolent lymphoma. The FIL
"HCV-LNH outcome survey” included 704 consecutive
HIV-negative HCV-positive patients with indolent NHL
diagnosed and treated from 1993 to 2009 in 39 centres
of the FIL; 134 patients received AT as first or secondline therapy, as previously described. In the whole
cohort, 5-year OS was 78% and 5-year PFS was 48%.
In multivariate analysis, use of AT during the patients’
life (i.e., as first-line or as subsequent line of therapy)
had positive impact on OS. In details, in patients who
performed AT the overall risk of death was significantly
[45]
reduced (HR = 0.21, P = 0.014) . Similarly, in the
French “ANRS Lympho-C Study” the use of AT resulted
significantly associated with improved OS in MZL at
[28]
multivariate analysis (HR = 0.11) . This obviously
means that, at least in these unselected retrospective
series, AT is able to prolong the survival of patients with
HCV-positive indolent NHL and further emphasizes the
validity of this treatment strategy as the cornerstone
treatment of HCV-related in indolent NHL in a longterm perspective.
A recently published meta-analysis specifically
evaluated this issue. The primary endpoint was the
correlation between SVR and lymphoma response,
while secondary endpoints were overall lymphoma
response rate and differential efficacy within various
histotypes. Overall, 254 patients from 20 studies were
included. Overall lymphoma response rate following AT
was 73% (95%CI: 67%-78%) and a strong statistical
association between SVR and lymphoma response
was confirmed: In particular patients obtaining SVR
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displayed 83% response rate compared to 53%
response rate of those failing to achieve SVR (P =
0.0002). A trend towards a better response to AT in
HCV-associated MZL (ORR 81%) compared to nonMZL histotypes (ORR 71%, P = 0.07) was observed.
In summary, the results of this updated meta-analysis
further justifies the current recommendation for AT
as first-line treatment in patients who do not need
immediate conventional treatment and support the
hypothesis of a causal relationship of HCV and lym
[46]
phomagenesis .

MOLECULAR FEATURES OF HCVASSOCIATED INDOLENT LYMPHOMAS
TREATED WITH INTERFERON-BASED
ANTIVIRAL TREATMENT
Only scanty data concerning molecular features of
HCV-related indolent NHL, especially in the setting
of AT, have been presented, mainly due to the
retrospective nature and to the low number of patients
analyzed in these studies.
Concerning mutational profile, no difference be
tween HCV-positive and HCV-negative cases was
found in the genomic landscape of SMZL by integrating
whole-exome sequencing and copy-number analysis.
In particular, rate of mutation in NOTCH pathway
genes (NOTCH2 in about 20%-40%, NOTCH1 in about
5%, SPEN, DTX1 or MAML2), NF-αB signaling pathway
genes (IKBKB in about 10%, TNAIF3 in about 5%),
KLF2 (about 20%-40%) or TP53 (about 15%) did not
[47]
differ according HCV-status . Interestingly the only
molecular difference between HCV-positive and HCVnegative SMZL was detected by miRNA expression
analysis: In particular, HCV-positive SMZL patients
revealed a downregulation of the tumor suppressive
[49]
miR26b .
From the immune-genetic point of view, many
biologic studies focusing on HCV-related lymphom
agenesis, demonstrated that HCV-positive NHL
frequently carry signs of somatic hypermutation and
preferential usage of restricted repertoire of VH (e.g.,
[50]
VH1-69) and VL genes (e.g., Vk3-20/15) , suggesting
a possible role of antigen selection in expansion of
the B-cell clone, that would be therefore still antigendependent, at least until a certain postulated critical
turning-point. According to this hypothesis, stereotyped
B-cell receptors were found in 12% SMZL cases,
including HCV-positive cases, pointing out the role of
antigen selection (both HCV and non-HCV restricted) in
[51]
SMZL development .
On the basis of the previous findings in patients
with HCV-related type-Ⅱ mixed cryoglobulinemia, the
first interventional studies evaluating AT in patients
with NHL looked out to the achievement of molecular
[30]
response. In the seminal study of Hermine et al , as
[24]
well as in the subsequent report by Saadoun et al ,
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[42]

[54]

and in the Italian multicenter study , despite the
achievement of clinical CR in the majority of patients,
none of the patients evaluated by investigation of
IgH-specific rearrangement or Bcl2/IgH translocation
obtained a molecular response after AT. This finding
differed from what reported in patients affected only
by type Ⅱ mixed cryoglobulinemia, a benign lymph
oproliferative disorder that may evolve in overt in NHL
in 5%-10% of cases, where the disappearance of
B-cell clones from the blood of HCV-infected patients
[40]
after AT has been reported . One can speculate that
this differential pattern of molecular responses may
be related to the more advanced stage of neoplastic
transformation at molecular level of B-cells in low-grade
NHL, which imply the achievement of a higher grade of
antigen-independency with respected to type Ⅱ mixed
cryoglobulinemia.

“ION-1 study” , and 95% in genotype 4 patients in
[55]
“NIH Synergy study” . Moreover, preliminary data of
Electron-2 study demonstrated that the combination
of LDV-SOF and RBV administered for 12 wk induced
[52]
100% SVR in genotype 3 patients . Finally, the
recently reported “ASTRAL studies” pointed out the
impressive results of the combination of SOF with
the new pangenotypic NS5A inhibitor Velpatasvir,
which demonstrated SVR of 97%-100% across all
6 genotypes and resulted superior to SOF-RBV in
genotype 2 (SVR 99% vs 94%) and 3 (SVR 95% vs
80%) in a randomized comparison.

Preliminary data about interferon-free antiviral treatment
in HCV-associated indolent lymphomas
As previously discussed, the lymphoma regression
observed in nearly 75% of patients with IFN-based
AT, which has been closely associated with HCV
eradication, is strongly in favor of a causative role
of HCV in a subset of patients with indolent NHL,
although the direct anti-lymphoma properties of IFN
cannot be ruled out. For this reason, the introduction in
HCV-associated NHL therapy of the highly active DAAbased IFN-free regimens, that demonstrated SVR rates
≥ 90% also in genotype 1, is expected to definitely
clarify this point. To date, six cases of HCV-positive
NHL treatment with DAA IFN-free regimen have been
reported, three in SMZL, two in MALT-type MZL and
[58-61]
one in leukemic MZL
. In all these cases the SVR
obtained with various DAA IFN-free regimens (manly
SOF-based) has been followed by partial or complete
hematologic response (Table 2).
In details, in the first one case report by Italy, a
42-year old patient carrying genotype 1 HCV infection
and SMZL with lymphocytosis has been treated with
a 16 wk regimen of Faldaprevir (NS3/NS4 protease
inhibitor), Deleobuvir (non-nucleoside NS5B inhibitor)
and RBV. This DAA combination led to a RVR (HCVRNA undetectable after 4 wk) and to a concurrent
[58]
resolution of splenomegaly and lymphocytosis . In
the second case report from France a 57-year old
female with genotype 3a HCV infection and stage
Ⅳ disseminated MALT-type MZL (breast, humeral
shaft and cervical lymph node involvement) has been
treated for 4 wk with SOF and RBV and then, after
obtainment of HCV-RNA clearance, with a 12-wk
regimen with SOF and Daclatasvir (NS5A inhibitor).
After 12 wk a SVR was confirmed (SVR12) and a CT
scan showed a complete regression of lymphoma
localizations (CR), which was still ongoing at the time
[59]
of publication after 6 mo of follow-up . Three other
cases were described by another French paper focusing
on the use of DAA in patients with lymphomas. The
first patient was a 54-years old female with a history
of previous intravenous drug abuse chronically infected
with genotype 4 HCV. After diagnosis of a leukemic
MZL (6000/mmc clonal B-cells in peripheral blood) with
mixed cryoglobulinemia (cryocrit 5%), she underwent
to AT with 12-wk of SOF and Simeprevir (NS3/NS4

NEW DAAS ERA IN THE TREATMENT OF
HCV INFECTION
HCV therapy is undergoing a revolution. After nearly
25 years of improvements of IFN-based therapies,
enormous research efforts led ultimately to the license
of a large number of new DAAs. DAAs include different
classes of antiviral agents that inhibit HCV viral-specific
non-structural (NS) proteins: Protease inhibitors
(NS3), NS5A replication-complex inhibitors, nucleoside
and non-nucleoside NS5B (viral RNA-polymerase)
[52]
inhibitors .
More than 90% of infections were reported to be
cured in phase Ⅱ and Ⅲ trials, with or without peg-IFN
and/or RBV. A plethora of new DAA with differential
activity across different HCV genotypes is undergoing
clinical investigation, with the aim to develop IFNand possibly RBV-free oral regimen with efficacy
approaching 100% and without significant toxicity.
Sofosbuvir (SOF) is a nucleotide analog inhibitor
of viral NS5B polymerase, the key enzyme mediating
HCV-RNA replication. The triphosphate form of SOF
mimics the natural cellular uridine nucleotide and is
incorporated by the HCV RNA-polymerase into the
elongating RNA primer strand, resulting in chain
termination. In the “Valence” study the combination
of SOF and RBV (12 wk) demonstrated 93% SVR in
genotype 2 patients, while in genotype 3 patients the
same combination administered for 24 wk obtained
[53]
85% SVR . Ledipasvir (LDV) is a potent inhibitor
of HCV NS5A, a viral phosphoprotein that plays an
important role in viral replication, assembly, and
secretion. The combination of LDV (90 mg) and SOF
(400 mg) at fixed-dose combination (FDC) has been
primarily studied as an all-oral IFN-free combina
tion regimen in treatment-naïve and treatmentexperienced patients as the first once-daily single
tablet regimen to treat the majority of chronic HCV
genotype 1 and 4 infection. LDV-SOF FDC obtained
99% SVR in genotype 1 treatment-naïve patients in
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Table 2 Direct-acting antiviral agents-based antiviral treatment in hepatitis C virus-infected patients with low-grade non-Hodgkin
lymphomas
Year

No. of
patients

Diagnosis

Genotypes Cryoglobulinemia

Rossotti et al[58]
Sultanik et al[59]

2015
2015

1
1

1b
3a

Carrier et al[60]

2015

3

2015

1

4
1b
1b
2

3 (type Ⅱ MC)

Lim et al[61]

SMZL
MALT MZL (breast,
humeral shaft, cervical
lymph node)
1 Leukemic MZL
1 MALT MZL (kidney)
1 SMZL
SMZL

Arcaini et al[62]

2015

20

9 SMZL
1 NMZL (Nodal)
5 MALT MZL
2 Leukemic MZL
2 CLL
1 LPL

1 (n = 13)
2 (n = 3)
3 (n = 3)
4 (n = 1)

10 (50%)

Antiviral treatment

Yes (type Ⅱ MC) FDV + DLV + RBV (16 w)
Yes (type Ⅱ MC) SOF + RBV (4 w), then SOF +
DCV (12 w)

No

SOF - SIM
SOF - SIM + 4 Rtx
SOF - DCV
SOF + RBV (12 w)
various
SOF-based regimens
(+ 4 Rtx in 1 pts)

Virologic
response

NHL response

SVR
SVR

PR
CR
(ongoing at 6 m)

3 SVR

PR
CR
CR
SVR
CR
(ongoing at 17 m)
19 SVR 4 CR, 2 PR, 2 SD 1 PD
1 CR
2 CR, 1 PR, 2 PD
1 CR, 1 PR
2 SD
1 SD

DAA: Direct-acting antiviral agents; SMZL: Splenic marginal zone lymphoma; NMZL: Nodal marginal zone lymphoma; phocytes; MZL: Marginal zone
lymphoma; LPL: Lymphoplasmacytic lymphoma; MC: Mixed cryoglobulinemia; FDV: Faldaprevir; DLV: Deleobuvir; RBV: Ribavirine; SOF: Sofosbuvir;
DCV: Daclatasvir; SVR: Sustained virologic response; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; Rtx:
Rituximab.

protease inhibitor), obtaining SVR12 together with
partial hematologic response (1000/mmc clonal B-cells
in peripheral blood) and clearance of cryoglobulins. The
second patient (66-year old male) carrying genotype
1b and presenting with compensated cirrhosis (Child
score 5) was diagnosed with stage Ⅳ SMZL with
associated type Ⅱ mixed cryoglobulinemia (cryocrit
79%). He was treated with 24 wk combination of SOF
and Daclatasvir, obtaining SVR12, haematological CR
and reduction of circulating cryoglobulins (cryocrit
9%). Unfortunately he developed thereafter a met
astatic hepatocellular carcinoma. The third patient
(66 years-old female, genotype 1b) presented with
rapidly progressive chronic renal insufficiency and
7% circulating cryoglobulins. A renal biopsy showed
monomorphous small B-cell infiltrate and diagnosis of
renal MALT-MZL was made. Due to the pre-dialisis lifethreatening renal failure she was treated with 4 weekly
doses of rituximab plus AT with SOF and Simeprevir
for 12 wk, that enabled to obtain together with SVR12
a significant improvement of glomerular filtrate and
the disappearance of MZL infiltrate at the control
kidney biopsy (haematological CR), although a residual
weak B-cell clonality (by study of immunoglobulin
[60]
genes rearrangement) was still detectable . The
last published case report from Canada described a
70-year-old woman presenting with severe thromb
ocytopenia. Routine serology discovered a previously
unrecognized genotype 2 HCV infection with high titer
HCV-RNA. Peripheral blood and bone marrow testing
revealed an aberrant monoclonal B-cell population
(CD20-positive), although no splenomegaly or ade
nopaties were evident. After failure to a variety of
immune-suppressive therapies for thrombocytopenia
she underwent splenectomy and SMZL diagnosis was
made. She was then treated with SOF and RBV for 12
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wk resulting in RVR, resolution of thrombocytopenia
and flow-cytometry negativity for residual clonal B-cells
(CR), remaining ongoing at more than 18 mo of follow[61]
up .
[62]
At the last ASH meeting (2015), Arcaini et al
presented preliminary data of a large international
survey on 26 patients with indolent lymphoproliferative
disorders (12 SMZL, 2 NMZL, 6 MALT-MZL, 2 leukemic
MZL, 2 SLL/CLL, 1 LPL and 1 low grade B-NHL NOS)
and HCV infection treated with IFN-free AT. Three
patients previously received chemotherapy and 4 a
course of IFN-based AT. HCV genotype was 1 in 63%,
2 in 17% and 3 in 12% of patients. The majority of
patients (n = 24) received a SOF-based regimen and
2 other regimens. A RVR was obtained in 20 out of
21 evaluable patients (95%). Considering 20 patients
evaluable for lymphoma response, 8 achieved a CR
(40%), 4 a PR (20%), with an ORR of 60%, while
5 had SD and 3 progressed during AT. According to
histological subtypes, ORR was 70% in MZL (12 out of
17 patients), including 6 out of 9 SMZL (66%), while
none of the 3 patients with other subtypes responded (2
CLL and 1 LPL, all SD). In conclusion this preliminary
study showed that a significant rate of hematological
response can be achieved in HCV-associated MZL also
with DAAs, thus suggesting that the eradication of HCV
may be able per se to induce the regression of indolent
NHLs. Although these data have to be confirmed by
larger series with longer follow-up, MZL seem to be
more sensible to IFN-free AT, while subtypes less
clearly associated with HCV such as CLL probably are
not responsible to it.
On the basis of these preliminary data, the FIL
initiated the phase Ⅱ BArT study (B-cell Anti-ly
mphoma Treatment), the first prospective clinical trial
aimed to evaluate the efficacy, both virological and
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haematological, of an IFN-free antiviral regimen in
patient with indolent NHL associated with HCV infection.
In this multicenter study, 50 patients with genotype 1-4
chronically active (HCV-RNA positive) non-cirrhotic HCV
infection and untreated indolent asymptomatic NHL
(with low tumor burden) will receive appropriate IFNfree AT according to genotype.

6

7

CONCLUSION
A large body of studies carried out in the last decade
demonstrated that front-line IFN-based anti-HCV AT
is able to induce nearly 75% response rate in all HCVassociated indolent B-cell lymphomas that do not
need immediate conventional immuno-chemotherapy.
Moreover, AT delivered at any time during patients’ life
has been associated with significantly improved OS.
As in IFN era lymphoma response has been durable
and related to the obtainment of viral eradication. Very
preliminary data about the use of DAAs as primary
treatment of indolent NHL seem to confirm that
together with high rate of SVR in all genotypes they
are able to induce a proportion of tumor responses,
despite the absence of IFN therapy. More mature
data of retrospective experiences as well as ongoing
prospective studies are needed to precisely clarify
their impact in HCV-positive B-NHL. Moreover, a
promising area of future investigation may deal with
the combination of DAA and rituximab, especially in
cases with high tumor-burden. Because of its safety,
rapidity and efficacy, AT should be recommended front
line to patients with HCV-positive indolent NHL, both
for the expected curative activity on the tumor itself,
and because eradicating HCV is per se beneficial to
the patient, avoiding late complications of the infection
and allowing better tolerability to eventual future
conventional anti-lymphoma treatments.
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Abstract
Microscopic colitis (MC) is a chronic inflammatory bowel
disease that has emerged in the last three decades as a
leading cause of chronic watery diarrhoea. MC classically
includes two main subtypes: lymphocytic colitis (LC) and
collagenous colitis (CC). Other types of histopathological
changes in the colonic mucosa have been described in
patients with chronic diarrhoea, without fulfilling the
conventional histopathological criteria for MC diagnosis.
Whereas those unclassified alterations remained orphan
for a long time, the use of the term incomplete MC
(MCi) is nowadays universally accepted. However, it
is still unresolved whether CC, LC and MCi should be
considered as one clinical entity or if they represent
three related conditions. In contrast to classical MC, the
real epidemiological impact of MCi remains unknown,
because only few epidemiological studies and case
reports have been described. MCi presents clinical
characteristics indistinguishable from complete MC with
a good response to budesonide and cholestiramine.
Although a number of medical treatments have been
assayed in MC patients, currently, there is no causal
treatment approach for MC and MCi, and only empirical
strategies have been performed. Further studies
are needed in order to identify their etiopathogenic
mechanisms, and to better classify and treat MC.
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infiltrate in the colonic mucosa in patients with clinical
manifestations of MC but without the key histological
[5]
features for LC, CC or MCi . Since it is not appropriate
to consider these entities as classical MC, it is crucial
to establish a defined and reliable clinical-pathological
criterion to confirm the diagnosis of these emerging
entities.
This review summarizes current evidence on the
definition, epidemiological and clinical significance
of MCi and variant forms of MC. We searched the
PubMed, Cochrane, MEDLINE, and Scopus libraries
using the following individual and combined key words:
“borderline lymphocytic colitis”, “minimal collagenous
colitis”, “microscopic colitis undesignated”, “microscopic
colitis incomplete”, “microscopic colitis not otherwise
specified”, “minimal change colitis”, “paucicellular
lymphocytic colitis”, “cryptal lymphocytic colitis”,
“lymphocytic colitis with giant cells”, “collagenous colitis
with giant cells”, “pseudomembranous collagenous
colitis”, “atypical lymphocytic colitis”, “atypical
microscopic colitis” or “focal active colitis”. References
cited in the articles obtained were also searched in
order to identify other potential sources of information.
The results were limited to human studies available
in English including all articles published before April
2016.

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

Core tip: Microscopic colitis (MC) includes two welldefined entities: collagenous colitis and lymphocytic
colitis. Similar clinical manifestations, but variable
histopathologic features have also been identified and
recognized as additional forms of MC, as not all patients
suffering from colitis fulfill the criteria for MC diagnosis.
Introducing the histological diagnosis for incomplete
MC subtypes could reduce the risk of missing patients
with a treatable cause of chronic diarrhoea. The
importance of developing research studies addressed at
describing etiopathogenic mechanisms of MC subtypes
is highlighted in this review.
Guagnozzi D, Landolfi S, Vicario M. Towards a new paradigm
of microscopic colitis: Incomplete and variant forms. World J
Gastroenterol 2016; 22(38): 8459-8471 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i38/8459.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i38.8459

INTRODUCTION
Microscopic colitis (MC) is a chronic inflammatory
bowel disease (IBD) that has emerged in the last
three decades as a leading cause of chronic watery
diarrhoea significantly affecting the patient health[1]
related quality of life (HRQoL) . The term MC was
employed in the early 80’s to describe a group of
patients with watery diarrhoea and weight loss,
exhibiting normal endoscopic findings, but with
microscopic inflammation in the colonic mucosa, as
[2]
identified in biopsy specimens . Later, in 1993, two
independent research groups suggested the use of MC
as a generic term to cover any type of colitis in which
there were specific histological changes without any
macroscopic alteration, as evaluated by endoscopic or
radiological analysis, including the two main entities
known as collagenous colitis (CC) and lymphocytic
colitis (LC). Since then, the clinical-histological
definition of MC and its classical subtypes have been a
matter of debate and nowadays several consensuses
[1,3,4]
classify these patients
. Moreover, other types of
histopathological changes in the colonic mucosa have
also been described over time in patients with chronic
diarrhoea and normal or close to normal endoscopic
findings, without fulfilling the classical histopathological
criteria for MC diagnosis. Whereas those unclassified
alterations remained orphan for a long time, it is
nowadays universally accepted the use of the term and
concept of incomplete MC (MCi), which proposes those
abnormalities as new entities. Furthermore, different
variant forms of MC have also been reported under
separate names to describe peculiar histopathological
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DEFINITION: EVOLUTION OF A NEW
CONCEPT
MC is an umbrella term that includes two main pre
sentations of chronic and relapsing inflammatory
disease of the gastrointestinal tract with characteristic
histopathological features that allow us distinguish CC
[4]
from LC . In both entities, there are some common
histopathologic features, not pathognomonic of these
conditions, such as: surface epithelial injury (mild in
LC and marked in CC), elevated and homogeneously
distributed mononuclear inflammation in the lamina
propria (mainly of lymphocytes and plasma cells), little
or no presence of crypt architectural distortion and
possible focal IBD-like changes (cryptitis and Paneth
[5]
cell metaplasia) . LC is particularly defined by large
number of surface intraepithelial lymphocytes (IELs: >
20 IELs per 100 surface epithelial cells) with little or no
crypt architectural distortion (Figure 1), whereas CC is
characterized by irregular thickened collagen band (>
10 µm) under the surface epithelium, independently
[1,5]
of IELs infiltration
(Figure 2). This feature is most
evident between the crypts immediately beneath the
surface epithelial cells containing entrapped capillaries,
[1,5]
red blood cells and mononuclear cells . Whereas the
histopathological criteria for MC diagnosis seems to be
established in its classical forms, many doubts remain
in those cases in which the histological aspect of the
colonic mucosa is not completely normal but specific
findings do not reach the cut-off values considered
diagnostic for classical MC.
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Figure 1 Photomicrographs of a colonic specimen from a lymphocytic colitis patient showing inflammatory hypercellularity in the lamina propria of
colonic mucosa and clear presence of a greater number of intraepithelial lymphocyte cells. A: Hematoxylin-eosin staining, magnification × 200; B: More evident
with the CD3 staining, magnification × 200.
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Figure 2 Photomicrographs of a colonic specimen from a collagenous colitis patient showing detachment of superficial epithelium. Hematoxylin-eosin
staining, magnification × 100 (A) and thick subepithelial collagen band, Gomori’s Trichrome staining (B and C, magnification × 100, × 400, respectively).

Incomplete microscopic colitis

inflammatory cell infiltrates in the lamina propria in
the absence of other abnormalities) and MC with giant
[11]
cells . Despite the different phenotypes described,
not all cases having clinical features of MC fulfill
the histological diagnostic criteria for MC diagnosis.
Consequently, the term and concept of “incomplete
microscopic colitis” (MCi) emerged to recognize
this MC subtype, to avoid overdiagnosis as well as
underdiagnosis in order to guide therapy decision in
[9,10,12]
the clinical practice
(Table 1).
While the minimum criteria required for MCi
diagnosis is still under discussion, > 10 and < 20 IELs
per 100 surface epithelial cells and > 5 µm and < 10
µm thickness of the collagen band in colonic biopsies

In 2002, the terms “MC not otherwise specified”
(MCNOS) as well as “undefined MC” (uMC) and
“paucicellular colitis” were equally used to describe a
subgroup of patients with chronic diarrhoea and an
increased cellular infiltrate in the lamina propria with
or without abnormal collagenous layer and/or elevated
number of IELs, without completely fulfilling the
[6-10]
criteria for MC diagnosis
. From 2007, some authors
proposed classifying MC forms into five subtypes:
CC, LC, “minimal change colitis” (crypt architectural
abnormality in the form of cryptitis and crypt dilation
in the absence of an increase in IELs and larger subepithelial collagenous band), MCNOS (increased
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Figure 3 Photomicrographs of a colonic specimen from an incomplete lymphocytic colitis patient. Hematoxylin-eosin staining, magnification × 100 (A) with a
mild increase in intraepithelial lymphocytes cells (B, CD3, magnification × 200) and a regular collagen band (C, Gomori’s Trichrome staining, magnification × 400).
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Figure 4 Photomicrographs of a colonic specimen from an incomplete collagenous colitis patient. Hematoxylin-eosin staining, magnification × 100 (A) with
slight enhancement of subepithelial collagen band (B, Gomori’s Trichrome staining, magnification × 200) without increased intraepithelial lymphocyte cells infiltration (C,
CD3 inmunostaining, magnification × 200).

patient, making mandatory the collection of multiple
and stepped biopsy samples along the large bowel to
[4]
establish a correct histopathological diagnosis . In
fact, in a retrospective cohort of MC patients, among
whom a large proportion of them had a repeated
endoscopy after diagnosis, less than 2% had a primary
endoscopy without histopathological abnormalities
while 76% had chronic inflammation or MCi in their
initial biopsies without a specific definition of MC or its
[16]
subtypes . Furthermore, in the 30% of 115 patients
with MC subjected to a second endoscopy after a
median of 21 mo no longer fulfilled the histological
[16]
criteria of MC, and 9% switched MC subtype . In
this study, incomplete histological findings in MC
were present in a significant number of patients
later diagnosed with MC, suggesting that they could
represent a different stage of the same disease,
however more studies are needed to better determine
[16,17]
the clinical-histopathological correlation over time
.
Furthermore, chronic ileal inflammation was described
in 15% of patients with MCi compared to 37%-57%
with complete MC, observing that generally the colonic
inflammation is most pronounced in the right colon
adjacent to the terminal ileum. The significance of
this nonspecific inflammation defined as the increase
in the number of IELs is unknown, but its presence
demonstrates that inflammation in MCi and in
complete MC could affect the small intestine and is not

Table 1 Key histological features of classical and incomplete
[4,5,25]
subtypes of microscopic colitis
Subtype
LC
LCi
CC
CCi

IELs/100 epithelial cells

Thickness of collagen band

> 20 IELs
> 10 and < 20 IELs
< 20 IELs (sometimes > 20 IELs)
< 20 IELs

< 10 mm
< 5 mm
> 10 mm
> 5 and < 10 mm

LC: Lymphocytic colitis; CC: Collagenous colitis; IELs: Intraepithelial
lymphocytes cells; LCi: Incomplete lymphocytic colitis; CCi: Incomplete
collagenous colitis.

have recently been proposed as cut-off values for
the diagnosis of incomplete LC (LCi) and incomplete
[5]
CC (CCi) subtypes, respectively (Figures 3 and 4).
Previously, other terms were used to describe these
CMi subtypes, although we can observe a slight
difference in the cut-off values employed to define
it over time, especially considering the LCi subtype.
In fact, the heterogeneous minimal cut-off value for
IELs infiltration used in different studies to define LCi
reflects the difficulty in establishing an approved value,
and reducing the risk of overdiagnosing these entities.
In any case, the differential diagnosis between
complete and incomplete forms of MC is not an easy
task. Morphological abnormalities in MC may be
[13-15]
patchy
, and MCi and fully established MC may
coexist at different colonic segments of the same
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Figure 5 Photomicrographs of a colonic specimen from a cryptal lymphocytic colitis patient. Hematoxylin-eosin staining, magnification × 100 (A) showing only
the presence of cryptal lymphocytosis (B, CD3, magnification × 200) and lack of intraepithelial lymphocytosis (C, CD3, magnification × 200).

confined only to the colonic mucosa, as documented in
[18-20]
previous reports
.
The difficulty in defining the histopathological
diagnosis of all forms of MC is reflected by the intra
and inter-observer variability even when applying
the currently accepted diagnostic criteria for classical
[21]
subtypes . However, some authors investigated the
ability to discriminate MCi from healthy mucosa and
IBD/nonspecific reactive changes and concluded that
there was very good intra-observer and inter-observer
agreement (κ value varying from 0.88 to 0.96 and from
0.81 to 0.89, respectively) in separating MC/MCi group
from non-MC. However, the ability to discriminate MCi
from CC and LC was still low with the lowest number
of cases agreed in MCi group (κ value ranging from
[22]
0.59 to 0.69) . In fact, in a retrospective cohort of 93
patients, 15% of colonic biopsies primarily diagnosed
as MCi changed to classical MC diagnosis through the
[16]
study by two gastrointestinal pathologists . Recently,
the use of the CD3 immunohistochemical staining
has demonstrated an improvement in the diagnostic
agreement among pathologists, with a change in the
[23]
diagnosis in 34% of cases, especially towards LCi .
Moreover, the lack of methodological agreement
among pathologists also adds difficulty to MC and MCi
diagnosis. For example, the assessment of the thickness
of the collagen band by histologic analysis could be
measured using an “eyeballed” histologic evaluation,
a conventional calibrated micrometer scale or by
performing semiautomatic micrometer measurements.
Recently, automated image analysis software has been
developed to measure the thickness of the subepithelial
collagenous band in colonic biopsies of patients with CC
and CCi stained with Van Gieson, providing a promising
[24]
supplementary tool for the diagnosis of CC and CCi .
The authors showed that the overall agreement between
all pathologists was κ value of 0.69 compared to κ
[24]
value of 0.71 using the above-described software .
Despite the variety of methods, a gold standard for
[25]
collagen band thickness quantification is still lacking .
To identify collagen, the trichrome stain is widely used,
but immunohistochemistry with antibodies directed
against Tenascin (extracellular matrix glycoprotein)
represents a more sensitive method and may be a good
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alternative, as demonstrated in complete CC. In fact,
in normal colon, the basement membrane is composed
predominantly of type Ⅳ collagen while in complete CC
it mainly consists of type Ⅵ collagen and Tenascin with
[26-29]
. Notably,
lower amount of collagen typesⅠand Ⅲ
it has been demonstrated that Tenascin immunostaining
is also useful to detect minimal deposits of subepithelial collagen compared to hematoxylin-eosin,
van Gieson’s elastin and collagen-Ⅵ stainings (P <
0.001), being useful to discriminate between minimal
[30,31]
collagenous colitis and normal mucosa
. However,
more studies are needed in order to determine collagen
composition and the pathogenetic mechanisms
implicated in its formation, as well as to validate the
Tenascin immunostaining use in a larger series of cases
of CCi. On the basis of these observations, it would be
desirable to establish a consensus on a more stringent
panel selection of the best methods to evaluate the
histological criterion abnormalities, in order to establish
the diagnosis of MCi.

Variant forms of microscopic colitis

Other variant forms of MC have been reported in the
literature in patients with clinical history of watery
chronic diarrhoea. One study described two patients
with a peculiar form of LC called cryptal lymphocytic
colitis (Figure 5). It was defined as an increased
number of IELs localized within the cryptal epithelium,
with a mean number ranging from 39 (range, 33-43)
to 46 (range, 32-55) per 100 crypt epithelial cells,
[32]
while no changes in surface IELs were detected .
+
Immunohistochemistry analysis with anti-CD3 ,
+
CD8 and TIA-1 antibodies showed that the cryptal
IELs phenotype was of cytotoxic/suppressor T cells.
Moreover, no signs of surface epithelial injury (mucin
depletion, epithelial cells with cuboidal configuration,
or mucin-depleted flattened epithelial cells) were
[32]
reported . It is feasible that IELs are attracted by
signals derived from antigens present in the lumen
of the crypts, as a consequence of the differences
between non-adherent mucins in the lumen of the
crypts and in the surface epithelium that could
influence the selection of antigens in susceptible
[32]
individuals . However, the causes of selective cryptal

8463

October 14, 2016|Volume 22|Issue 38|

Guagnozzi D et al . Incomplete forms of microscopic colitis
colorectal infiltration by lymphocytes remain unclear.
Other authors described some case reports of
pseudomembranous CC as an unusual cause of chro
nic diarrhoea with a good response to budesonide
[33-38]
treatment
. This variant form was histologically
defined as the increased thickening of the subepithelial collagen band and pseudomembranes
formation characterized by eruptive exudate composed
of neuthophil leukocytes, necrotic debris and fibrin at
the luminal surface of the colonic mucosa excluding
ischemic, toxin-induced or infective aetiologies
[36,38]
(Clostridium difficile infection)
. The colonoscopy
showed normal colonic appearance in some patients,
but inflammation and colonic ulcerations in others.
Recently, a case of pseudomembranous CC with
superimposed drug damage was reported, describing
the presence of cholestyramine crystals on the mucosal
[39]
surface . However, it is still under debate whether the
pseudomembranous formation constitutes part of the
spectrum of CC itself or is associated with unknown
superimposed infection.
Another variant described is focal active colitis
(FAC), although considerable controversy exists
regarding the clinical implication of its diagnosis. FAC
is characterized by focal crypt damage caused by
neutrophils that may be associated with infections,
ischemia, Crohn’s disease (CD), partially-treated
[40]
ulcerative colitis or irritable bowel syndrome (IBS) .
Some reports showed an association between FAC and
oral sodium phosphate ingestion, as it has commonly
been used as an oral laxative agent, causing aphtoid
[41-44]
ulcers and/or FAC in the colon and rectum
. Two
previous studies described the prevalence of FAC
ranging from 3.5% (11/316) to 6.6% (15/226) in
[41,45]
IBS patients with normal endoscopic evaluation
.
A follow-up study in 90 patients, showed a positive
association of drugs in 24% of them [especially nonsteroidal anti-inflammatory drugs (NSAIDs)] and
[46]
a basal subtype of FAC and infection in 19% .
Moreover, in 16% of patients (predominantly women)
a diagnosis of IBD was ultimately made (CD in the
majority of the patients and ulcerative colitis only in
[46]
two patients) . The disease duration ranged from 4
mo to 7 years with a mean of 4.2 years and 8 patients
(28%) developed CD, especially in pediatric group
[47]
compared to adult population . In conclusion, it is not
currently clear whether FAC should be considered as a
variant form of MC or an initial form of IBD.
An additional variant form of MC described by some
authors is MC with giant cells, defined as the presence
of multinucleated giant cells in an otherwise classic
LC and CC, reporting until now 6 cases of LC with
[48-50]
giant cells and 12 cases of CC with giant cells
.
The sub-epithelial multinucleated giant cells that are
present in the lamina propria are positive for the CD68
marker and seem to arise from merged sub-epithelial
macrophages. The presence of giant cells does not
appear to confer any additional adverse clinical
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outcome with doubtful clinical significance.

PATHOPHYSIOLOGICAL RELEVANCE
OF LOW-GRADE INTESTINAL MUCOSAL
INFLAMMATION
The colonic mucosa daily faces dietary antigens
and microbial products present in the intestinal
lumen. It is well established that the interactions
between the intestinal immune cells and the luminal
microorganisms directly regulate the physiological
inflammatory state of the intestinal mucosa and that
both, overreaction and underreaction have been
implicated in the pathogenesis of several chronic
gastrointestinal disorders.

Definition of healthy intestinal mucosa

The histological analysis of colonic specimens from
healthy donors and non-affected areas from section
margins of surgical specimens has allowed a better
knowledge of tissue morphology and cell distribution in
a non-disease condition. However, factors such as diet,
antibiotic consumption, or physiological stress influence
mucosal immune cell infiltrate, making it difficult to
define reference values, which are especially helpful
when diagnosing diseases with mild changes, such as
MC and MCi. Despite the lack of histological criterion
defining all features of normality, the colon from
healthy donors has been described as harbosing about
+
< 5 IELs (mostly CD8 ) per 100 surface epithelial
cells, being slightly higher in the proximal than in the
[25]
distal colon (Figure 6). Sometimes a higher number
of IELs is present over lymphoid follicles/aggregates,
therefore it is not recommended to value lymphocytes
[51]
counts in these areas . Moreover, a mild increase
in IELs numbers without a clear epithelial injury and/
or increased lamina propria inflammatory infiltrate
may be nonspecific and may be related to different
conditions. Consumption of drugs, celiac disease,
[52]
infectious colitis in remission immunologic conditions
(e.g., Hashimoto’s thyroiditis, common variable
immune deficiency (CVID), autoimmune enteropathy,
allergy, immune deficiency), and IBD in remission may
[12,52,53]
lead to an increased number of IELs
. Therefore,
knowledge of the clinical presentation, an endoscopic
analysis, and anamnestic data will be necessary to
[54]
differentiate between health and disease . The
lamina propria contains B cells (mainly plasma cells,
15%-40% of total mononuclear cells) and a vast
+
majority of T cells (mainly CD4 ; 65%), with a few
natural killer cells. Moreover, the lamina propria is
composed of a not conspicuous number of monocytemacrophagic cells, especially under the subepithelial
collagenous layer, unlike the rectal mucosa, where
macrophages are frequently found. The cut-off values
for eosinophil normal counts have not been established
either, and a proximal-to-distal gradient has been
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Figure 6 Photomicrographs of a colonic specimen from a healthy donor. Hematoxylin-eosin staining, magnification × 100 (A) showing low number (usually less
than 5) of intraepithelial lymphocyte cells, which can be easily identified by CD3 immunohistochemistry marker (B, magnification × 100). The subepithelial collagen
band is tiny and regular (C, Gomori’s Trichrome staining, magnification × 10 and inset, Gomori’s Trichrome staining, magnification × 400).

observed, with 37 to 9 cells per high-powered field
[55,56]
in the right and left colon, respectively
. In the
healthy mucosa, the basement membrane is composed
of laminins, predominantly collagen Ⅳ, proteoglycans,
calcium-binding proteins and other structural and
[56]
adhesive proteins . Its normal thickness is around
[25]
[56]
3-4 µm , reaching its thickest value in the rectum .
When analyzing biopsy specimens, the evaluation of
lamina propria cellularity may be very subjective, as
different studies have evidenced great inter-observer
[57]
variability . For this reason, the diagnosis of MC
requires a full endoscopy, with collection of two or
more biopsies from each segment of the large bowel
[57]
and a clinical-histopathological correlation .

recent research, the mechanisms through which
mucosal immunity generates colonic dysfunction in MC
without the development of significant macroscopic
mucosal damage is still unknown. Due to similar
histological findings and clinical outcome, a proximity
to the pathophysiology of diarrhoea-predominant IBS
(IBS-D) has been suggested. In fact, from the clinical
point of view, there is significant overlap between MC
and IBS. In particular, the pooled prevalence of any
type of functional bowel disorders in patients who
present diagnostic criteria of MC is 39.1% (95%CI:
2
22.8-56-6, I : 97%), as reported in a recent meta[67]
analysis without any data available in MCi patients .
Moreover, from the pathogenetic point of view, lowgrade mucosal inflammation has been demonstrated
not only in MC but also in IBS-D although to a lesser
[59,68-70]
extent than that in MC
. In particular low-grade
inflammation has been demonstrated in association
[63,71]
with disease severity in both, IBS and MC
,
suggesting immune activation as a key mechanism
in both entities. Despite a clear overlap in the path
ogenesis and clinical manifestations between IBS
and MC, the common pathophysiological pathways
between the two conditions remain poorly understood,
especially considering the incomplete and variant
forms of MC.

Mucosal immune mechanisms in MC

Variations in number and activation state of mucosal
immune cells have been described in physiological
and some pathological conditions, in association with
intestinal dysfunction. However, the etiopathogenic
mechanisms of inflammatory diseases such as MC are
not completely known. It is generally accepted that MC
is a multifactorial disease, probably secondary to an
abnormal immune reaction in predisposed individuals,
[58-60]
triggered by different luminal factors
. Several
studies showed that an impaired adaptive immune
response through aberrant T-cell responses leads to
[58]
chronic gut inflammatory conditions in MC patients .
In particular, several studies showed a heavy infil
+
tration of CD8 cytotoxic T-lymphocytes (CTLs) in
the colonic mucosa of MC patients due mainly to an
[61]
increased expansion of resident T-cells with a mixed
[62-65]
Th17/Tc17 and Th1/Tc1 mucosal cytokine profile
.
Moreover, other studies showed an impaired epithelial
barrier dysfunction in MC that worsened in the case
of active disease, which persisted despite effective
[66]
treatment with the first line budesonide therapy .
All these available data derive from studies performed
in patients with classical MC without identification of
a MCi subgroup, with the exception of paucicellular
LC. In fact, one study showed a lack of expression
+
+
of CD25 FOXP3 cells in paucicellular LC compared
[9]
to higher expression in both LC and CC . Despite
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EPIDEMIOLOGICAL DATA
MC was initially considered a rare disease with only
[72]
446 cases of CC described at the end of 1992 . Over
time, an increasing number of studies has explored
the incidence and prevalence of MC and has evidenced
significant geographic variations. To date, the pooled
incidence rate of CC was 4.14 (95%CI: 2.89-5-40) per
100000 person-year and 4.85 (95%CI: 3.45-6.25)
for LC as shown in a recent meta-analysis, observing
[73]
a north-south gradient only for CC . An increasing
incidence in classical MC has been reported in several
studies, whereas other analyses have suggested a
more stable incidence in some geographic regions
[73]
and especially after the year 2000 . However, it is
unknown whether the increasing incidence is genuine
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of > 5 per 100 epithelial cells compared to the current
recommended minimal cut-off value of > 10 per 100
epithelial cells, possibly generating a tendency towards
[16]
overdiagnosis of LCi in this cohort of patients .
Nonetheless, 101 patients with MCi were identified
in a consecutive cohort of 539 MC patients, with a
mean age at diagnosis of 62 years and with higher
[16]
prevalence in female sex (82% of women) .
Recently, another Danish retrospective consecutive
study estimated an incidence of MCi of 5/100000/
year compared to 14.5/100000/year for CC and
14.9/100000/year for LC in 2014. However, also in
this study, a minimal cut-off value of IELs infiltration
was > 5 per 100 epithelial cells compared to the
current recommended minimal cut-off value of > 10
per 100 epithelial cells, possibly generating a slight
overdiagnosis of LCi in this cohort of patients. This
study described 226 cases of MCi in non-selected
patients presenting, in the majority of cases, chronic
watery diarrhoea, with a median age of 61 years[74]
old and a 69% of women prevalence . Discrepancy
between histopathology in the right and left colon
was rare and only in one patient MCi was found in the
right colon and LC in the left colon. The diagnostic
sensitivity of biopsies from the right and left colon did
not differ among MC subgroups including MCi, the
latter having a sensibility of 91% (95%CI: 84-96) for
the right colon and of 97% (95%CI: 91-99) for the left
[74]
colon . MCi persisted histologically for up to one year
in 45% of patients compared to 77% of CC patients
and 64% of LC patients. While these differences did
not reach statistical significance, these data showed
that the pathological changes in CC and LC were more
[74]
persistent than those in MCi .
Moreover, other studies described the prevalence
of CMi in patients with chronic diarrhoea, although
heterogeneous definitions are used to defining
them, using several unspecific names [nonspecific
microscopic colitis (NSMC) or NOSMC or uMC]. In
particular, in one study the authors described NSMC
prevalence of 46.7% (28/60) in patients with IBS-D
[75]
defined using the Rome Ⅱ criteria . However, the
term NSMC was used to define IELs infiltration of
< 20 per 100 epithelial cells without defining the
minimal cut-off value. This group of patients could
be considered as having an incomplete form of LC
because the mean reported number of IELs per 100
[75]
epithelial cells was 11.71 (± 1.83) . Another study
used the term NOSMC to define the presence of an
increased number of IELs > 7/100 but < 20/100 per
epithelial cells with the absence of both a thickened
sub-epithelial collagen layer and flattening of epithelial
[76]
cells, epithelial loss and detachment . Of 613 patients
with watery chronic diarrhoea and normal finding
at colonoscopy, 64 cases (10%) of NOSMC were
diagnosed without describing any clinical characteristics
[76]
of these patients sub-group in the article . Another
recent multicenter prospective case-control study used

Table 2 Incidence of incomplete microscopic colitis and
paucicellular lymphocytic colitis
Ref.

Study period Country

FernándezBañares et al[9]
Bjornback et al[16]
Rasmussen et al[74]

2006-2009

Spain

1999-2010
2000-2014

Denmark
Denmark

MCi subtype

Incidence

Pacicellular
LC
MCi
MCi

3.24 (2-4.48)
4 (NS)
5 (NS)

Incidence per 100000 inhabitants and year. MCi: Incomplete microscopic
colitis; Paucicellular LC: Paucicellular lymphocytic colitis; NS: Not
specified.

or is the result of greater awareness of the disease.

Incomplete microscopic colitis

In contrast to classical MC, the real epidemiological
impact of MCi and variant forms remains unknown,
because only a few epidemiological studies and case
reports have been described. In fact, as an emerging
disease, the definition of MCi and variant forms has
evolved over time and it is still under discussion. This
has yielded, unfortunately, non-comparable results due
to variations in the different cut-off values to define its
diagnosis.
The incidence of MCi has been described in only
three retrospective population-based studies using a
more recently described histological definition for MCi or
[9,16,74]
one of its sub-groups
(Table 2). Firstly, one Spanish
study demonstrated the incidence of pauciclellular LC,
a subtype that is now considered as synonymous of
[5,9]
LCi . The mean annual incidence of paucicellular LC
was 3.24/100000/year (95%CI: 2-4.48) compared
to the mean annual incidence of 2.37/100000/year
[9]
(95%CI: 1.3-3.43) for CC and LC . However, in
the paucicellular LC group the study also included
the patients with IELs > 20 IELs per 100 surface
epithelial cells but with patchy distribution of epithelial
lymphocytosis in more than one biopsy sample, though
not in all, possibly generating a slight bias risk in the
[9]
estimated incidence of this entity . In all, 26 patients
with paucicellular LC were identified, showing that they
were younger than LC patients with a slightly higher
[9]
prevalence in female sex (61.5%) . Moreover, 5/26
patients firstly diagnosed as paucicellular LC were finally
diagnosed as IBS-D during follow-up, as their condition
[9]
did not improve after MC conventional therapy .
Subsequently, one Danish retrospective populationbased cohort study estimated a mean incidence rate of
4/100000/year for MCi compared to 6.7/100000/year
for LC and 10.8/100000/year for CC. The incidence
of MCi as well as LC increased seven-fold from
1999-2001 to 2008-2010 as compared to a three-fold
[16]
increase for CC . However, the cut-off values used
to establish the MCi diagnosis were not completely
[5]
equivalent to the more recently accepted ones . In
fact, LCi was defined in this study as the existence of
an abnormal IELs counts, with a minimal cut-off value
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the term undetermined MC to define the abnormal
IELs infiltration and/or sub-epithelial collagen
thickening without reaching the diagnostic thresholds
for CC and LC but without specifying the cut-off values
[77]
used to define these entities . They described 8
undetermined MC cases of 433 (1.8%) patients with
[77]
watery chronic diarrhoea with normal colonoscopy .
Finally, in a nationwide population-based cohort from
The Netherlands, the authors classified MC patients
in CC, LC and undefined MC (uMC), the latter was
used to define the cases in which no information for
[78]
further sub classification was available . The authors
showed a relatively high frequency of uMC (10%) with
general and sex specific mean annual incidence rates
between 2000 and 2012 ranging around 0.4 (95%CI:
0.3-0.5) per 100000 inhabitants and year and which
[78]
changed only marginally over time . Although the
term uMC was chosen to avoid any confusion with
the term MCi, the same authors proposed that it was
plausible that the majority of the uMC cases identified
were either LC or cases not fully meeting the criteria
for either CC or LC, stressing the need to improve the
knowledge on MC variant and incomplete forms in
[78]
both gastroenterologists and pathologists .

course, in the absence of correct awareness of this
mild clinical expression there could be increased risk of
misdiagnosis or delayed diagnosis.

Risk factors

Several risk factors have been identified in MC patients
such as the use of certain drugs and the association
with autoimmune diseases. In particular, the use of
NSAIDs, including low-dose of aspirin, proton pump
inhibitors (PPIs), selective serotonin reuptake inhibitors
(SSRIs) and other drugs, has been associated to an
[4]
increased risk of developing MC . However, only a few
studies evaluated drug consumption as a risk factor in
MCi. In particular, the consistent ingestion of NSAIDs
showed a similar risk for complete LC and paucicellular
[9,10]
LC, but lower than CC
. In MCi the use of NSAID,
salicylic acid and PPI was similar compared to CC and
LC patients, except for a slightly higher use of statin
in MCi compared to CC and LC groups (24% vs 19%
[16]
vs 18%, respectively) . However, it is important to
highlight that no universally accepted methods are
available for assessing cause-effect relationships in
[79]
adverse drug reactions . In fact, the association
between drugs intake and MC or MCi derived primarily
from case control studies and drug prescription registry
data, and only a few drugs show causal relationship in
MC but not in MCi.

CLINICAL FINDINGS
All three entities LC, CC and MCi present indis
tinguishable clinical findings, with some differential
[16]
features associated with chronic watery diarrhoea .
In MC the chronic diarrhoea seems to be associated
with nightly defecation in 25%-50% of cases, high
frequency of defecation urgency (70%) and fecal
incontinence (40%) that particularly affect patient’s
[4]
quality of life . Moreover, MC can be associated with
other additional symptoms such as abdominal pain,
abdominal bloating, fatigue and weight loss (described
in up to 50% of cases). However, in a retrospective
cohort MCi patients were less likely to report nightly
defecation (31% vs 39% of LC and 57% of CC), watery
stools (68% vs 88% in LC and 92% of CC) and fecal
[16]
incontinence (22% vs 34% of LC and 43% of CC) .
In contrast to that, the frequency of other associated
[16]
symptoms was similar in the three groups included .
Regarding paucicellular LC patients, a study evidenced
less likely reported significant weight loss compared to
[9]
MC patients . Moreover, routine laboratory parameters
were generally normal in all MC subtypes except for a
slightly increased C reactive protein (CRP), respect to
[16]
reference values . Unfortunately, serological or fecal
markers are not available yet, so neither diagnosis
nor monitoring can be performed in any MC subtypes
without biopsies collection. In view of the few data
available, we can assume that MCi patients expressed
a milder clinical activity with less alarm symptoms (such
as weight loss and nocturnal diarrhoea) compared
to classical MC. Since a subtle clinical expression of
the disease reflects a possible more benign evolution
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Other associated diseases

The presence of autoimmune diseases has been
described to be associated with MC in over 30%-50%
of cases, with OR 11 (95%CI: 5.1-23.8) for CC (P <
0.001) and OR 16.6 (95%CI: 6.4-43.1) for LC (P <
0.001), especially for celiac disease, type 1 diabetes,
autoimmune thyroiditis, seropositive/seronegative
[4,80]
rheumatoid arthritis and others
. There are few data
available about the association between autoimmune
disease and MCi. In particular, in paucicellular LC less
association with autoimmune diseases was observed
showing a prevalence of 15.4% compared to 38.6% in
LC and 32.4% in CC. Moreover, a lower frequency of
HLA-DQ2 genotype was observed in paucicellular LC
[9]
compared to LC (30.4% vs 48%) . Only a few cases of
CMi were described to be associated with concomitant
celiac disease in one Danish cohort (2/176 cases) but
not in another study (0/101 cases). However, the new
association between MC and Takayasu’s arteritis (TAK)
has been recently reported with especially higher
frequency in MCi than in complete MC cases (20%
[81]
vs 10%) . Moreover MC (complete and incomplete
forms) was found to be significantly higher in active
TAK patients than in the active group (67% vs 14%,
[81]
P ≤ 0.03, OR 7.9) . TAK is a chronic granulomatous
vasculitis, mainly affecting the aorta and its branches
especially in middle-aged females. It has been found
as the most common subtype in vasculitis patients
[82]
with IBD . Its etiopathogenesis is still unknown, but
upregulated innate and adaptive immune response
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[81]

has been observed in this disease .
Moreover, MC has been associated with bile acid
malabsorption (BAM; 44%) in both CC and LC patients
as shown using the tauroselcholic (selenium-75) acid
[4]
technique (SeHCAT) . Whereas bile acid chelating
agents have shown effectiveness in CC, these data
come from only noncontrolled studies and do not show
any significant improvement of the colon histology.
Also in the MCi Danish cohort, BAM was very common
with higher prevalence (48%) compared to CC and
[16]
LC (26% and 18%, respectively) . However, in
[9]
paucicellular LC this association was less frequent .
Although these data suggest the possible implication
of bile acids in the pathogenetic mechanisms of MC, its
influence is not completely understood.
Finally, MCi patients presented a higher rate of
lactose malabsorption (9% vs 3% in CC and 1% in
LC), as diagnosed by oral testing and later by C/C
genotype by the lactase-phlorizin hydrolase 13910
polymorphism gene analysis, suggesting a possible
involvement of the small bowel to induce a secondary
[16]
lactose malabsorption, especially in MCi . Although
about two thirds of the World’s population undergoes a
genetically programmed decrease in lactase synthesis
[83]
after weaning , symptoms of lactose intolerance
generally do not occur until there is less than 50%
of lactase activity. However, IBS patients show an
increased risk of developing symptoms especially for
[84]
IBS-D subtype . In fact, visceral hypersensitivity
and anxiety are associated with symptoms after
ingestion of only a modest dose of lactose. Moreover,
IBS patients with lactose intolerance also show
heightened activity of the innate mucosal immune
system with increased counts of mast cells, IELs and
enterochromaffin cells in the terminal ileum and right
[85]
colon . We can speculate that other mechanisms
such as visceral hypersensitivity could be implicated
in symptoms development in MC and MCi, similarly to
IBS, however studies designed to test this hypothesis
are needed.

in 84% (95%CI: 66%-95%) for MCi, 84% (95%CI:
77%-89%) for CC and 88% (95%CI: 80%-98%) for
[16]
LC, respectively . Moreover, another retrospective
study showed the effectiveness of budesonide
treatment in MCi, while only a minor number of patients
[74]
were treated with colestyramine and mesalazine .
The response to budesonide was independent of the
SeHCAT results. However, in only three patients with
paucicellular LC budesonide therapy did not achieve
[9]
clinical response . Therefore, the effect of budesonide
in the MCi-group seems to be similar to that of the
other MC sub-groups. These findings further support
the hypothesis that inflammed lamina propria may well
be more important for the diarrhoea than specific IELs
infiltration in all MC subtype entities. In fact, a recent
study has evaluated the contribution of inflammatory
mediators to water secretion in the sigmoid colon of
patients with LC. The key effector cytokines TNFα,
IFNγ and IL-15 inhibited γ-ENaC upregulation in
response to aldosterone through a MEK ½-mediated
pathway, preventing ENaC from reaching its maximum
transport capacity, leading to Na malabsorption, which
[86]
directly contributes to diarrhoea . Other treatments
were also used in MCi patients and its sub-groups.
The efficacy of cholestyramine was 100% (95%CI:
75%-100%) in MCi associated with BAM, compared
to 56% (95%CI: 35%-75%) in CC patients and 82%
(95%CI: 48%-98%) in LC patients. Paucicellular LC
seems to respond well to loperamide or cholestyramine
treatment, and 6/10 patients achieved clinical remission
[9]
with mesalazine treatment . It is important to stress
that in MCi, some cases of spontaneous remission
such as those observed in the classical subtypes of MC
have also been reported, however this was particularly
[74]
evident for patients with MCi .
Although a number of medical treatments have
been evaluated in MC patients, currently there is
no casual intervention for MC and MCi, and current
therapy for MC and MCi mainly follows an empirical
approach. Further studies are needed in order to better
understand the molecular mechanisms behind the
origin of the disease and to develop specific therapies
for each MC subtype.

THERAPY
Several therapeutic interventions have been developed
to achieve clinical and histological remission of MC and,
in recent years, a number of randomized-controlled
trials have provided a more evidence-based approach
to treating this disease. Oral budesonide is currently the
first line of treatment for the induction of clinical relief in
moderate-severe MC, with a 76%-88% clinical response
[4]
in CC and LC patients . However, few drug efficacy data
coming from retrospective cohorts of MCi patients are
available. Noteworthy, there is a phase Ⅲ randomized
trial to test the efficacy and safety of budesonide in MCi.
This study is already registered and is in the process of
subject recruitment (www.clinicaltrials.gov, Identifier
NCT02142634). In one retrospective cohort budesonide
was prescribed as short-term therapy of 2-4 mo, leading
to normalization of stool consistency and frequency
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CONCLUSIONS AND FUTURE
PERSPECTIVES
MCi has clinical and histological features that support
its classification as a form of MC. In fact, MCi presents
clinical characteristics indistinguishable from complete
MC and it shows a good response to budesonide and
cholestiramine treatment. Therefore, introducing the
histological diagnosis of MCi could reduce the risk of
missing patients with a treatable cause of chronic
diarrhoea. Of note, variant forms of MC are extremely
rare disorders with still unclear clinical significance
and which probably do not represent real specific
[13]
entities . Further investigations on the prevalence of
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MCi and its sub-groups and detailed studies that can
better define its natural history and etiopathological
characteristics are warranted.
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MINIREVIEWS

Endocrine manifestations in celiac disease
Hugh James Freeman
CD. For this review, methods involved an extensive
review of published English-language materials. In
children and adolescents, prospective studies have
demonstrated a significant relationship to insulindependent or type 1 diabetes, whereas in adults,
autoimmune forms of thyroid disease, particularly
hypothyroidism, may commonly co-exist. In some with
CD, multiple glandular endocrinopathies may also occur
and complicate the initial presentation of the intestinal
disease. In others presenting with an apparent isolated
endocrine disorder, serological screening for underlying
subclinical CD may prove to be positive, particularly
if type 1 diabetes, autoimmune thyroid or other
autoimmune endocrine diseases, such as Addison’s
disease are first detected. A number of reports have
also recorded hypoparathyroidism or hypopituitarism or
ovarian failure in CD and these may be improved with
a strict gluten-free diet.
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Core tip: Celiac disease (CD) is an immune-mediated
intestinal disorder that may be closely linked to a
number of extra-intestinal disorders, particularly
endocrine diseases. These include thyroiditis, par
ticularly in adults, and insulin-dependent diabetes
mellitus, particularly in children and adolescents. Other
endocrine disorders have also been recorded, including
adrenal insufficiency and pituitary disease. Usually, only
a single endocrine gland is involved in CD, but changes
in multiple different glands has also been recorded.
If an endocrine disorder is present, screening for CD,
even without gastrointestinal symptoms, has been
recommended. In established CD, regular follow-up
and evaluation for the possible appearance of an occult
endocrine disorder may also be appropriate.
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Abstract
Celiac disease (CD) is an autoimmune small intestinal
mucosal disorder that often presents with diarrhea,
malabsorption and weight loss. Often, one or more
associated endocrine disorders may be associated with
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INTRODUCTION
Celiac disease (CD) is an immune-mediated small
intestinal disorder that occurs in genetically susceptible
people and is characterized by an intolerance to glutencontaining proteins found in wheat, rye and barley
grains. Most often, symptomatic persons present
with diarrhea, nutrient malabsorption and weight loss
associated with a mucosal inflammatory process in the
proximal small intestine. Mucosal architecture may be
severely altered in the duodenum and, with increasing
severity, may extend for variable distances into more
distal jejunum and ileum. It may be that the severity of
the individual inflammatory response, the timing of its
appearance as well as the extent and localization within
[1]
the small intestine are genetically-programmed .
In recent years, the disorder has become in
creasingly appreciated even without significant
gastrointestinal symptoms, being documented in up
to 2% of the serologically-studied populations, and
perhaps, higher in referred patients using endoscopic
[2]
screening biopsies . The disorder is not only common,
but has been increasingly recognized as a pheno
typically heterogeneous disorder. Increased clinician
awareness as well as widespread use of serological
testing for case-finding have been important factors in
the emergence of this disorder, not only in the scientific
community, but also in popular press.
As a result, clinical features attributed to celiac
disease or its complications have been noted in
other extra-intestinal sites, including endocrine ma
nifestations. Of these, two endocrine disorders are
particularly prominent, thyroiditis, especially, but
not exclusively, in adults, and insulin-dependent
diabetes, particularly, but also not exclusively, in
children. This manuscript aims to increase awareness
of endocrine changes in CD, especially if there are few
or no gastrointestinal symptoms, discuss screening
opportunities and provide added insight related to
a long and personal experience in CD diagnosis and
management.

Later prevalence studies in CD

An evaluation of 96 consecutive adults (70 females and
26 males) with biopsy-defined CD (i.e., severe lesion,
Marsh 3, crypt hyperplastic villous atrophy, followed by
a clinical and biopsy-defined response to a gluten-free
diet, average age diagnosis of CD, 47.3 years) revealed
16 with autoimmune thyroid disease (including 11
females and 5 males, overall average age of CD in this
group with thyroid disease, 57.1 years). Of these, 16
had hypothyroidism, but 4 had previously received
radio-iodine ablation or thyroidectomy for Grave’s
(hyperthyroidism) disease. Interestingly, almost half
also had dermatitis herpetiformis, an autoimmune
dermatological disorder closely linked to adult CD.
None had familial CD or a familial thyroid disorder.
Diagnosis of thyroid disease preceded diagnosis of
CD in 13 patients or was made concurrently in 2
patients. Only 1 had thyroid disease detected about a
decade after CD was first diagnosed and treated with
a gluten-free diet. Of note, 4 also developed a small
intestinal lymphoma or adenocarcinoma, both known
complicating malignant disorders in adult CD.
These findings are similar to a more recent and
[17]
larger prospective evaluation of 242 celiacs . In this
study hypothyroidism was present at a similar rate
of 12.9%, 3-fold higher than controls of 4.2%. Most
interesting were the results in those treated with a
strict gluten-free diet for at least 1 year. In these,
there was an apparent normalization of subclinical
hypothyroidism. In 5 of 91 celiacs with normal thyroid
function development of thyroid disease occurred.
Others have noted autoimmune thyroid disease in
[18]
[19]
13.9% of 79
and 30.5% of 36 adult celiacs ,
respectively, similar in prevalence to earlier studies.

Pathogenetic linkages with CD

This linkage between adult CD and autoimmune
thyroid disease is not entirely novel, particularly as
HLA (human leukocyte antigen) haplotypes B8 and
DR3 were noted to occur with increased frequencies
in adults and children with CD as well autoimmune
thyroid disease. Interestingly, HLA DR antigen was also
demonstrated in other epithelial glandular structures
in children and adults with autoimmune disorders
[20,21]
(e.g., salivary glands in Sjogren’s syndrome)
.
An alternate, but not necessarily entirely exclusive
hypothesis is also possible. The thyroid gland shares a
common embryonic origin during fetal development,

THYROID DISEASE
Early reports with CD

Autoimmune thyroid diseases were associated with
CD in some initial descriptive studies for both children
[3,4]
and adults . Some early case reports also noted a
[5-7]
link with hyperthyroidism
while others reported an
[8-10]
association with hypothyroidism
. Interestingly, the
simultaneous occurrence of adult CD and lymphocytic
thyroiditis was also noted and hypothesized to be more
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[12]

than coincidential . In a later report from a defined
area in Scotland, studies for thyroid autoantibodies and
measurements of thyroid function suggested that the
risk of even clinically overt thyroid disease, especially
hypothyroidism, was increased in CD. Some suggested
that this may be genetically determined owing to the
common detection of human lymphocyte antigen (HLA)
haplotypes in most with autoimmune thyroid disease
[13-16]
and CD compared to the general population
.
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being derived from the pharyngeal gut on the 17 day.
Some autoimmune disorders may also require time
to evolve, perhaps increased intestinal permeability
may allow excessive amounts of antigen to enter the
circulation and cross-react with other tissues, including
the thyroid gland.

extranodal lymphoma that may complicate the clinical
course of CD, possibly due to its shared embryological
developmental links with the gastrointestinal tract.

Clinical implications

A number of early reports first described the association
between CD and diabetes mellitus, sometimes co[6,33]
existing with thyroid disease
. Although most were
noted in pediatric-aged patients, some older clinical
[34-36]
series also described adults with this association
.

DIABETES
Early reports in CD

The linkage between these two disorders may have
important clinical implications. A relatively high
prevalence of autoimmune thyroid disease, particularly
hypothyroidism, in elderly adults may make clinical
recognition of CD, at times, difficult. For example,
the severity of the diarrhea or weight loss may be
more limited with reductions of circulating thyroid
hormone leading to increased time for intestinal
transit or fluid retention with myxedema. In addition,
some with an altered bowel habit may have impaired
absorption, particularly with an increased transit rate
in hyperthyroidism. As a result, an apparent failure to
respond to a gluten-free diet may be considered. In
contrast, hypothyroid patients may fail to respond to
oral thyroid replacement therapy because of reduced
small intestinal surface absorptive area associated with
unrecognized or occult CD.

Recent prevalence and screening studies

In recent years, a number of studies from North
[37,38]
[39]
America
and Europe
reported an increased
prevalence of type 1 diabetes in CD thought to be due to
an autoimmune process targeting the insulin-producing
[40]
islet cells of the pancreas . In our investigations, 233
children and adolescents with type 1 diabetes were
prospectively screened with serological markers for
[41]
CD . Sera were blinded and IgA endomysial (EMA)
as well as IgA tissue transglutaminase (tTG) assays
were done. Among these, 19 were positive for EMA and
also had elevated tTG levels. Of these, 1 was already
known to have CD while 18 others had minimal or no
symptoms and small intestinal biopsies performed.
Of these, 14 had moderate to severe morphological
changes consistent with CD (along with 1 having
normal biopsies and 3 with epithelial lymphocytosis),
yielding an overall biopsy-confirmed prevalence of
CD of 7.7%, a rate later confirmed by reports from
[42-47]
different countries
. A recent meta-analysis pursued
these observations further by urging screening for CD
[48]
in type 1 diabetes, particularly in children .

Serological CD screening in thyroid disease

A number of recent studies have explored the role of
serological screening for celiac disease in patients with
autoimmune thyroid disease. In a study from Finland of
[22]
83 patients , 3 asymptomatic cases and 1 previously
diagnosed celiac patient were defined for an overall
frequency of 4.8%. In an Italian study of 152 patients,
5 new cases were detected using endomysial antibodies
[23]
and duodenal biopsy confirmation . Similar results
were reported later by other investigators in both
[24-29]
children and adults with CD
. Far less information
is available in Grave’s hyperthyroidism. In 115 conse
[30]
cutive patients with Grave’s hyperthyroidism , gliadin
and tissue transglutaminase antibodies were used
to screen for CD. 5 patients were detected, although
2 were already known to have CD. All 5 (i.e., 4.5%)
were free of symptoms. On the basis of these studies,
these investigators have suggested that patients
with hypothyroidism or hyperthyroidism should have
serological screening for CD.

Pathogenetic linkages

CD and type 1 diabetes mellitus are complex disor
ders with shared genetic components. The major
histocompatibility complex (MHC) is known to be
involved in the presentation of peptide antigen from
gluten-containing foods to T-cells. MHC class Ⅱ DQ
peptides may be associated with both celiac disease
and type 1 diabetes. Specific genetic determinants,
HLA-DQ2, i.e., haplotypes (DR3-DQ2), occur in about
90% or more of patients with CD and over 50% with
type 1 diabetes, while HLA-DQ8 has been reported
to occur in about 10% of patients with CD and about
[49]
70% of type 1 diabetes . There are several HLA
and non-HLA loci in type 1 diabetes mellitus shared
[50,51]
in CD
. Non-HLA genes, such as CTLA4, have
also been noted in both CD and type 1 diabetes. For
[52]
several of these, multiple genes are present . In
addition, other non-genetic or environmental factors
likely play a role in pathogenesis of these autoimmune
[53]
disorders .
Most intriguing are recent observations related to
the intestinal luminal organisms. Often, viruses such

Other thyroid disorder in CD

Finally, other thyroid disorders have been recorded in
CD. Most intriguing are reports of malignant thyroid
lymphomas with CD, given the increased risk of
lymphoma, particularly T-cell enteropathy, in CD. In an
early retrospective evaluation of 12 cases of malignant
thyroid lymphoma, 2 had intra-abdominal lymphoma
[31]
and 1 had documented adult CD . In a later report, a
thyroid mass from a lymphoma was described in adult
[32]
CD . In this instance, the lymphoma was noted to
be a rare T-cell lymphoma, indicating another site of
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as enteroviruses and rotavirus have been noted
.
Changes in the luminal environment have been
hypothesized to alter the intestinal immune system,
its regulation or intestinal permeability. The intestinal
microbiome may also play a critical environmental
role in genetically-predisposed individuals. An altered
composition of the gut microflora has been reported
in CD, including a decreased ratio of Firmicutes and
[59,60]
Bacteroidetes
. As reviewed elsewhere, alterations
in the intestinal microbiota have also been documented
[61]
with dietary removal of gluten .
Although the precise mechanism for a possible
pathogenic effect of gluten in type 1 diabetes is not
known, the effects of a gluten-free diet on control
of insulin-dependent diabetes mellitus have been
explored. Most reported investigations involve studies
with animal models. However, in a case report,
remission was achieved in a male child with insulindependent diabetes without insulin therapy on a
[62]
gluten-free diet alone .

investigators recommended that Addison patients be
screened for CD and suggested that causes of failure
of substitute hormonal treatment may include CD. In
[74]
a separate Swedish national registry study , both
children and adults with CD had a significant positive
association with Addison’s disease. As there was no
apparent temporal sequence in diagnosis of either
disorder, it was recommended that cases with adrenal
insufficiency be screened for CD, and that CD patients
have increased awareness of adrenal insufficiency.

Autoimmune polyglandular syndromes

More recent reports have emphasized the significance
of recognition of autoimmune polyglandular syn
[75]
drome
in different age groups permitting definition
of 2 major subtypes. A juvenile form (APS, type I)
usually develops in early adolescence or infancy and
appears to be characterized by multiple endocrine
deficiencies, mucocutaneous candidiasis, ectodermal
dystrophy and different endocrine disorders, including
hypoparathyroidism and usually Addison’s disease,
type 1 diabetes, hypogonadism and thyroid disease.
rd
th
Another form usually occurs later in the 3 or 4
decade (APS, type Ⅱ), with a female predominance.
Endocrine diseases that occur commonly include
autoimmune thyroid disease, type 1 diabetes and
Addison’s disease while hypoparathyroidism is rare
[76]
and no mucocutaneous candidiasis develops .
Although hypoparathyroidism has been rarely recorded
[77]
with coincident CD , the endocrine pattern in adult
[76]
CD most often fits the type Ⅱ pattern . In a very
recent report, however, it was noted that in those with
concurrent celiac disease and hypoparathyroidism,
a gluten-free diet had a beneficial effect on calcium
[78]
regulation .
In another report, the evolving nature of these
autoimmune polyendocrine syndromes with CD was
[79]
further emphasized . The authors confirmed that
APS Ⅰ most often developed in childhood and included
hypoparathyroidism, mucocutaneous candidiasis and
Addison’s disease. The more common APS Ⅱ type was
often diagnosed if Addison’s disease occurred together
with thyroiditis (Schmidt’s syndrome) or type 1 diabetes
(Carpenter’s syndrome). Another form, APS 3, may
be seen if there is no adrenal cortical defect. A further
type 4 may occur if other less common autoimmune
endocrine failure develops, specifically autoimmune
[79]
hypophysitis, with CD . The authors noted that the
detection of a monoglandular endocrinopathy may
only be part of an evolving and dynamic process with
the appearance of other endocrinopathies at a later
stage in CD. In contrast, an Italian study of children
and adolescents noted a high detection rate (42%) of
[80]
anti-pituitary antibodies in newly diagnosed celiacs .
Interestingly, high antibody levels were associated
with height impairment, possibly mediated by a reduc
tion in insulin-like growth factor, and suggesting that
an autoimmune pituitary process may be important

Clinical implications

Time course studies of diagnosis of type 1 diabetes and
CD suggests that diagnosis of type 1 diabetes usually
[63-66]
occurs first, followed by CD
. In patients with type
1 diabetes and celiac disease, additional autoimmune
diseases may later develop, particularly autoimmune
[67-69]
thyroid disease
. Moreover, risk of disease com
plications, including bone disease, retinopathy or
nephropathy may occur, particularly if concomitant CD
[67-71]
is present
, and symptoms associated with CD may
be more difficult to resolve if type 1 diabetes is also
[69]
present . Finally, a gluten-free diet (if CD is present)
may lead to better glycemic control and protect
patients against development of diabetes-related
[70]
vascular complications . Clearly, further studies are
needed to determine the impact of a gluten-free diet
in patients with both diagnoses. In addition, added
studies in pediatric and adolescent patients with both
diagnoses may be important because of concerns
related to compliance, especially in those with limited
[71]
symptoms .

OTHER ENDOCRINE DISORDERS
Early and recent prevalence reports

Adrenal insufficiency and CD may occur in some
patients. Indeed, a high frequency of adult CD may be
present in association with autoimmune adrenocortical
failure (autoimmune Addison’s disease). Many occur
in the setting of polyendocrine failure that may include
Addison’s disease, thyroiditis, ovarian failure and
[72]
CD . In a study of 76 patients (44 females) with
Addison’s disease from Norway, 5 had biopsy-confirmed
changes of CD and 1 additional patient had a previous
[73]
diagnosis of CD . All had HLA haplotype DR3-DQ2
with a total prevalence of CD of 7.9%. Although 52%
had evidence of polyglandular endocrine failure, the
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in the induction of linear growth impairment in CD.
Further mechanisms may be at play in growth failure
in CD. A gluten-free diet has been reported to result in
rapid catch-up growth and normalization of pituitary
[81]
function
and some have suggested a possible role
for growth hormone replacement in children with
short stature, despite a gluten-free diet over a 1 year
[82]
period . Other evidence has accumulated that the
pituitary gland may be altered in CD. For example,
prolactin is produced by the anterior pituitary gland,
may be important in breast glandular development
and may play a role in autoimmune regulatory mecha
nisms. In some studies, prolactin levels were increased
in recently diagnosed CD in pediatric patients and these
levels decreased over a few months with a gluten-free
[83,84]
diet
.
Ovarian failure causing infertility is also becoming
increasingly recognized in adult CD and has recently
[85]
been reviewed . Indeed, in some prospective sero
logically-based studies, over 4% of infertile females
may prove to have CD. If positive, subsequent biopsy
studies have confirmed the presence of adult celiac
disease. In some of these, treatment with a glutenfree was associated with later subsequent successful
pregnancy. A recent meta-analysis of relevant studies
indicated that CD was more prevalent in women with
“all-cause” and “unexplained” infertility compared to
[86]
the general population .
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CONCLUSION
In CD, a number of autoimmune endocrine disorders
may occur. Often, these clinically present with mo
noglandular involvement, usually the thyroid gland in
adults or with insulin-dependent (type 1) diabetes in
[87]
children and adolescents as well as adults . Similar
observations have also recently been reported from
[88]
China . Polyglandular disease has also become
increasingly recognized, sometimes in association
with a long clinical course of undiagnosed CD prior
to detection and institution of a gluten-free diet.
Diagnosis of CD may eventually also lead to definition
of a single or multiple gland autoimmune syndrome
that may only result after repeated evaluations of the
patient with CD.
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MINIREVIEWS

Circulating tumor DNA as a liquid biopsy target for
detection of pancreatic cancer
Erina Takai, Shinichi Yachida
modality for early detection and limited therapeutic
options for advanced disease. Therefore, there is a
need for minimally-invasive diagnostic tools for de
tecting pancreatic cancer at an early stage, when
curative surgery and also novel therapeutic approaches
including precision medicine may be feasible. The “liquid
biopsy” addresses these unmet clinical needs based
on the concept that simple peripheral blood sampling
and detection of circulating tumor DNA (ctDNA) could
provide diagnostic information. In this review, we
provide an overview of the current status of bloodbased tests for diagnosis of pancreatic cancer and the
potential utility of ctDNA for precision medicine. We
also discuss challenges that remain to be addressed
in developing practical ctDNA-based liquid biopsy
approaches for early diagnosis of pancreatic cancer.
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Core tip: There is a need for minimally-invasive diag
nostic tools for detecting pancreatic cancer at an early
stage and also novel therapeutic approaches including
precision medicine may be feasible. The “liquid biopsy”
addresses these unmet clinical needs based on the
concept that simple peripheral blood sampling and
detection of circulating tumor DNA (ctDNA) could
provide diagnostic information. In this topic, we provide
an overview of the current status of blood-based tests
for diagnosis of pancreatic cancer and the potential
utility of ctDNA for precision medicine. We also discuss
challenges that remain to be addressed in developing
practical ctDNA-based liquid biopsy.
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Abstract
Most pancreatic cancer patients present with advanced
metastatic disease, resulting in extremely poor 5-year
survival, mainly because of the lack of a reliable
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based on the concept of “liquid biopsy”. In this review,
we summarize the current status of ctDNA analysis,
and discuss the potential clinical utility of liquid biopsy
for pancreatic cancer.
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INTRODUCTION

OVERVIEW OF LIQUID BIOPSY IN
CANCER

Pancreatic ductal adenocarcinoma (PDAC) is the most
common type of pancreatic cancer, representing about
80% of all cases. It is a devastating disease with a
5-year survival rate of only approximately 4%-7%
(http://seer.cancer.gov/statfacts/html/pancreas.
html), and this figure has not been improved in recent
decades. Although surgical resection is the only curative
treatment for PDAC, only 15% to 20% of patients
present with resectable disease and the majority
are diagnosed with locally advanced or metastatic
[1]
cancer . This situation is mainly a consequence of the
aggressive nature of this disease and the lack of an
efficient method for detection of early-stage lesions.
In addition, very early stage organ metastasis is often
observed in patients which are treated with potentially
curative surgery. This suggests that occult tumor cells
may be present in blood even with small lesions
Currently the detection and diagnosis of pancreatic
cancer largely rely on imaging modalities, including
ultrasonography, computed tomography, positron
emission tomography, magnetic resonance imaging
[1]
and endoscopic ultrasonography . However, earlystage pancreatic cancers and very small metastases
are difficult to detect even if combinations of these
modalities are employed. In addition, these modalities
require expensive equipment and specialist technicians.
Although blood-based tumor biomarkers, such as
carcinoembryonic antigen and carbohydrate antigen
(CA) 19-9, are much cheaper, simple and minimally
invasive alternatives, the sensitivity and specificity
of these currently used tumor biomarkers are not
sufficient for effective early detection of pancreatic
cancer. Despite recent progress in understanding of
the disease at the molecular level, no reliable bloodbased biomarker for screening of pancreatic cancer
has yet become clinically available.
The problem is compounded by the few viable
therapeutic options for patients with advanced pan
creatic cancer who are not eligible for resection.
Chemotherapy for pancreatic cancer patients is limited,
and cytotoxic drugs, such as gemcitabine, which have
been the standard chemotherapeutic drugs for patients
with advanced disease for many years, provide limited
[1]
survival advantage . Personalized therapies based on
cancer-specific alterations are currently not conducted
in clinical practice for pancreatic cancer.
In this context, new effective biomarkers are
required to improve diagnosis, disease monitoring
and process of therapeutic choice of PDAC. As tumorderived somatic gene alterations can be detected in
circulating tumor DNA (ctDNA) from cancer patients,
ctDNA could provide a less-invasive diagnostic tool
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The concept of detecting tumor-specific molecular
alterations by analysis of bodily fluids, including
peripheral blood, of cancer patients is termed “liquid
biopsy” (Figure 1). Cell-free DNA (cfDNA) consists
of small double-stranded DNA fragments found in
blood. In 1948, Mandel and Metais firstly reported
[2]
the presence of cfDNA in the circulation . Tumorderived cfDNA, now commonly known as ctDNA, was
[3]
described in 1989 . The clinical utility of cfDNA in
plasma and serum has been an active area of research
in a variety of clinical settings. Indeed, evaluation
of fetal cfDNA in the circulation of pregnant women
is becoming a routine diagnostic test for high-risk
patients in the clinic. To date, cfDNA has been the main
target of liquid biopsy for cancer detection, together
with exosomes, micro-RNA and circulating tumor cells.
In the oncology setting, ctDNA is expected to provide
a minimally-invasive approach for cancer diagnosis,
monitoring of chemotherapy-resistant mutations, and
[4-6]
overcoming the problem of tumor heterogeneity .
It has been suggested that cancer patients have
[7]
higher levels of cfDNA than healthy individuals ,
although an increase is also observed with a variety
of other physiological and pathological conditions,
including exercise, inflammation, exposure to smok
[8]
ing, sepsis and trauma . cfDNA is shed into the
bloodstream via apoptosis, necrosis, direct release
from viable cells, and lysis of circulating cells, but the
major sources are now thought to be apoptotic and
necrotic cells. In fact, the length of cfDNA fragments in
the circulation often shows a characteristic laddering
pattern with multiples of 170-180 base pairs, which
[7]
is a well-known feature of apoptosis . Apoptosis is
programmed even for many normal cells on a daily
basis and it has been suggested that a large fraction
of cfDNA is derived from bone marrow and liver in
[9]
healthy individuals . However, in a tumor mass,
hyperproliferation and rapid cellular turnover of cancer
cells can lead to very greatly increased programmed
cell death. Features of intratumoral microenvironments
such as hypoxia may also lead to necrosis. Cellular
debris from apoptotic or necrotic cells is normally
phagocytozed by infiltrating macrophages and the
cellular components are cleared. However, this
clearance mechanism does not proceed effectively in a
tumor mass, leading to accumulation of cellular debris,
[5,7,10]
including DNA, and its release into the circulation
.
Although total cfDNA may be generally increased
in patients with cancer, the sensitivity and specificity
for cancer detection are low, and the utility as a cancer
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Liquid biopsy in
pancreatic cancer
Liquid biopsy could
overcome the problem of
tumor heterogeneity

Potential application
Early diagnosis
Disease monitoring
Precision medicine

Analysis of ctDNA
Digital PCR, NGS etc.

Pancreatic
cancer

ctDNA

Figure 1 Liquid biopsy for pancreatic cancer. Circulating tumor DNA (ctDNA) can be isolated from plasma as a liquid biopsy approach. Genomic alterations
detected could then have various clinical applications in pancreatic cancer cases. As ctDNA is released not only from primary tumors, but also metastases, its analysis
might overcome the problem of tumor heterogeneity.

biomarker is questionable. On the other hand, tumor
DNA can be discriminated from normal cfDNA by
detecting tumor-specific somatic mutations that exist
only in the genomes of cancer or precancerous cells,
but not in the genomes of their normal counterparts.
This assures the specificity of ctDNA as a cancer
biomarker.
However, detection of ctDNA has in practice proven
challenging, since the percentage of ctDNA may be
[5,11]
very low (< 1.0% in many cases) in total cfDNA
.
Traditional methods such as Sanger sequencing or
pyrosequencing can detect mutated tumor-derived
DNA fragments only in patients with a high tumor
burden and a large amount of ctDNA. However, recent
advances in sequencing technologies, including the
digital polymerase chain reaction (dPCR) and nextgeneration sequencing (NGS), have made it possible
to detect ctDNA present at relatively low frequencies
in blood, and there has been an explosive increase of
[12-14]
studies of clinical utility of ctDNA
.

based platforms, are commercially available. Generally,
the sensitivity of a droplet dPCR system depends on
the number of droplets. One of the most widely used
droplet dPCR devices, the QX200 Droplet Digital PCR
System (Bio-Rad Laboratories) generates 20000
nanoliter-sized droplets. The RainDrop Digital PCR
System (RainDance Technologies) can perform “singlemolecule” PCR for up to 10 million picoliter-sized
droplets, and therefore possesses very high sensitivity.
In addition, multiplex assays are possible in the
RainDrop system by using combinations of two color
[17]
probes (up to 10 targets) .
NGS is also widely applied to analyze genomic
alterations in cfDNA. Unlike dPCR, NGS techniques
can analyze multiple, broad regions of interest. Even
whole-genome sequencing or whole-exome sequencing
of cfDNA from advanced cancer patients has been
reported, and various alterations, including single
nucleotide variants (SNV), copy number alterations
(CNA) and structural alterations of DNA, were dete
[13,18,19]
cted
. However, only genomic alterations with
high allele frequencies may be appropriate with these
platforms, since deep genome-wide analysis, especially
whole-genome sequencing, is quite costly and not
feasible in the routine clinical context. Therefore,
global genomic analyses can be applied for only cfDNA
samples from advanced cancer patients with high
tumor burden. On the other hand, targeted sequencing
can be performed at relatively low cost. By focusing on
clinically important genes, mutations can be detected
with higher sensitivity compared to genome-wide

METHODS FOR DETECTION OF CTDNA
The dPCR is now one of the major methods to sensi
tively detect genomic alterations in cfDNA. In 2003, a
PCR-based digital approach, named BEAMing (Beads,
Emulsion, Amplification, and Magnetics) was first
[15]
described . Using emulsion PCR and flow cytometry,
BEAMing can efficiently identify rare mutations with
[16]
allele fractions as low as 0.01% .
Nowadays several dPCR systems, including droplet-
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analyses.
Amplicon sequencing is one of the major tech
niques for analyzing mutations in specific genomic
regions. Ion AmpliSeq Technology (Thermo Fisher
Scientific) is a widely used targeted sequencing
platform. Highly multiplex PCR followed by NGS, such
as Ion Personal Genome Machine (Ion PGM), allows
deep sequencing of target regions with as little as 10
ng input DNA at low cost and with a short turnaround
time. However, the Ion Ampliseq system has issues
such as a relatively high error rate in detection of small
[20]
insertions and deletions (indels) .
Target enrichment techniques, namely target
capture-based platforms, are widely used for analyzing
gene alterations of cancer. In principle, fragmented
genomic DNA is hybridized with DNA/RNA probes
designed for capturing targeted regions, and the
enriched DNA libraries are analyzed by NGS. The
SureSelect Target Enrichment System (Agilent Techno
logies) is widely employed for targeted sequencing in
combination with the Illumina paired-end sequencing
platform, which has a relatively low error rate amongst
[21]
high-throughput sequencing instruments . Although
the manufacturer’s protocol for the SureSelect Target
Enrichment System requires at least 200 ng of input
DNA, the amount can be reduced by using particular
library preparation kits, such as the KAPA Hyper Prep
[22]
Kit (KAPA Biosystems) .
In addition to these commercially available tech
nologies, various highly sensitive sequencing methods
have been developed for detecting ctDNA. In an
amplicon-based system, Safe-Sequencing System,
individual DNA molecules are tagged with a unique
identifier, then amplified and sequenced. According to
the original paper, the error rate could be lowered to
-6
[23]
9 × 10 by taking into account unique identifiers .
[24]
Forshew et al
reported a method termed TaggedAmplicon deep Sequencing in 2012. They detected
somatic mutations in cfDNA at a 2% allele frequency.
In the case of non-small cell lung cancer, another
method for profiling ctDNA, Cancer Personalized
[25]
Profiling by deep Sequencing, has been described . In
addition to methods for detecting SNVs, Personalized
Analysis of Rearranged Ends identifies cancer-specific
genome rearrangements, and it has been shown that
such alterations can be used as personalized cancer
[26]
biomarkers .

cancer type, the altered locus can vary, especially in
tumor suppressor genes such as TP53. For this reason,
among others, it is not simple to utilize tumor-derived
DNA in plasma for the diagnosis of many cancer types
without information about actual mutations in the
tumor tissues themselves.
The molecular genetics landscape of PDAC has
been studied by whole-genome or exome sequencing
and somatic alterations associated with this disease
[28-31]
have been identified
. Four genes, KRAS, CDKN2A,
TP53 and SMAD4, are commonly mutated or modified
epigenetically in PDAC, and dozens of candidate driver
[27-30]
genes are altered at low frequency (< 5%)
.
Clonal evolution of pancreatic cancer has also been
investigated and it has been exhibited that genetic
[4]
heterogeneity arise during subclonal evolution . Since
point mutations of KRAS are particularly commonly
observed in PDAC and 90% of all KRAS mutations
occur in codon 12 or 13, these have been a focus of
attention. To date, many studies have confirmed that
mutant KRAS can be detected in plasma or serum
from patients with PDAC, although detection methods
[22,31-36]
applied were diverse
.
st
In the early 21 century, several research groups
investigated the potential use of KRAS mutation
in cfDNA as a biomarker of pancreatic cancer and
demonstrated that such mutations were more fre
quently detected in the blood of PDAC patients than in
[31,32]
individuals suffering from chronic pancreatitis
. It
has also been suggested that sensitivity and specificity
for detection of PDAC can be improved by combining
KRAS mutations in blood with increase in the serum
[32,33]
[31]
CA19-9 level
. Maire et al
reported that the
sensitivity and specificity of serum KRAS mutations for
the diagnosis of pancreatic cancer were 47 and 87%,
respectively, whereas the combination of serum KRAS
mutations and CA19-9 had a sensitivity and specificity
[32]
of 98 and 77%, respectively. Analysis by Däbritz et al
also suggested that detectable KRAS mutations in
the plasma were associated with progressive disease
(75%), whereas the association was more evident
when combining plasma KRAS mutations and elevated
CA19-9 (92%). Furthermore, it has been reported
that the presence of mutant KRAS in the circulation
is associated with poor prognosis of patients with
[23,33-36]
pancreatic cancer
. Multivariate analysis also
showed that KRAS mutations in plasma DNA were
stronger prognostic factor for survival (HR = 7.39,
P < 0.001) than elevated CA19-9 (HR = 2.49, P =
[33]
0.087) . Thus, KRAS mutant cfDNA could be useful
as a predictive biomarker for treatment decisions.
One of the major potential applications of ctDNA
[36]
is disease monitoring. Tjensvoll et al reported that
changes in mutant KRAS levels in the circulation
correlated with radiological imaging data and CA19-9
levels during the course of chemotherapy. They
suggested the utility of KRAS mutant cfDNA for
monitoring treatment efficacy and tumor progression

CTDNA AS A BIOMARKER FOR
PANCREATIC CANCER
Clinical utility of ctDNA has been investigated in various
types of cancer. For diagnosis, the most commonly
mutated genes are considered to be best suited for
analysis as blood-based biomarkers. However, even
within a single tumor type, the mutation profile
generally varies from patient to patient. Even if a
single gene is commonly mutated in a particular
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in pancreatic cancer patients. Our own experiments
further suggested that the detectability of KRAS
mutant cfDNA is associated with the presence of
distant organ metastasis, and thus ctDNA might be
also useful to monitor tiny distant metastases that are
[22]
hard to detect by routine imaging tests .
As mentioned above, currently available tumor
biomarkers, such as CA19-9, are insufficient to detect
PDAC due to low sensitivity and low specificity. Somatic
mutations, on the other hand, are highly specific
to DNA derived from cancer or precancerous cells.
Especially, KRAS is the most frequently mutated gene
in PDAC and the mutations occur at the very early
stage of carcinogenesis. As technology advances,
ctDNA discriminated by KRAS mutation may have great
potential as a blood-based biomarker for PDAC.

Target Enrichment System for the small amounts of
cfDNA samples, we modified the library preparation
conditions by combination with a KAPA Hyper Prep Kit.
In our protocol, input cfDNA could be reduced to as
little as 5 ng. As prescreening for sequencing analysis,
dPCR assays were first performed to determine the
mutational status of KRAS in plasma cfDNA of 259
patients with PDAC. We then carried out targeted
deep sequencing in 48 patients, including 43 cases
that were considered to have ≥ 1% tumor DNA in
total cfDNA based on dPCR KRAS assay and 5 patients
with obvious distant organ metastasis, even though
they were negative for KRAS mutation in plasma on
dPCR assay. We found somatic mutations in potentially
targetable genes in 14 of 48 patients (29.2%). In
addition, we analyzed somatic CNA using targeted
sequencing data for cfDNA, and potentially targetable
gene amplifications, such as in CCND1 and ERBB2,
were also detected. At present, as NGS assays are
still costly and the sensitivities of standard sequencing
technologies are limited, targeted deep sequencing
of cfDNA may not be practical in clinical settings for
all patients. Since KRAS mutation is a good cancer
biomarker in pancreatic cancer patients, our two-step
approach combining dPCR and NGS could be costeffective and applicable in the clinic. It may be possible
to apply such ctDNA assays to broader range of
patients by using a larger volume of plasma because
the sensitivities of these assays should depend on the
amount of input cfDNA. In addition, the use of novel
techniques, including molecular barcoding, and error
reduction methods by bioinformatics approaches could
[40,41]
improve the sensitivities of sequencing analysis
.
Thus, the available data indicate that liquid biopsy has
great potential for diagnosis and treatment design in
pancreatic cancer in diverse clinical settings.

DETECTING TARGETABLE GENOMIC
ALTERATIONS IN CTDNA
It is noteworthy that various other cancer-related
genes are mutated at relatively low frequencies in
PDAC. Importantly, it has been indicated that 20%
of patients with pancreatic cancer have somatic
alterations in genes that are potential targets of
therapies approved by the U.S. Food and Drug
Administration for oncologic indications or therapies in
[37]
published prospective clinical studies . This suggests
that genomic profiling in pancreatic cancer could be
useful to design precision treatment strategies. Due
to improvements of sequencing technologies, global
or highly multiplexed genomic analysis of ctDNA is
becoming feasible using NGS. Analyzing ctDNA has
also been proposed as an alternative method to tissue
biopsy in the setting of precision medicine, which
relies on the presence of specific targets. Although
tumor tissue biopsy is the gold standard for molecular
screening of cancer, some patients are precluded from
molecular screening because of difficulty in obtaining
a tissue biopsy or insufficient tumor content in the
[38]
available specimens . Indeed, adequate biopsy
tissues for molecular diagnosis are often difficult to
acquire in pancreatic cancer patients. Very importantly,
taking tissue biopsies is invasive and therefore not
[39]
without clinical complications. Zill et al
analyzed 54
genes in tumor tissues and cfDNA samples using a
commercially available gene panel, and demonstrated
that a large proportion of mutations in pancreatic and
biliary cancer could be detected in both. Although
35% of patients had an insufficient quantity or quality
of tissue biopsy samples for sequencing analysis in
their cohort, sequencing of cfDNA identified somatic
mutations in many of these cases. We also have
reported targeted deep sequencing analysis of cfDNA
using a modified SureSelect-Illumina platform and an
[22]
original gene panel for pancreatic cancer . Our gene
panel consisted of 60 genes, including 17 potentially
actionable examples. In order to apply the SureSelect
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EARLY DETECTION OF PANCREATIC
CANCER BY LIQUID BIOPSY
Although PDAC is a highly aggressive disease, the
investigation of clonal evolution of this disease and
mathematical modeling of the rate of mutation ac
quisition suggests that there is an 11.7-year period
from acquisition of the initiating mutation to full
transformation in a pancreatic cell, and another 6.8
years are needed to develop the first metastatic
[4]
subclone . This model implies that there is a sub
stantial time window for early detection of PDAC.
Early diagnosis could have a major impact on patient
survival, and therefore new effective biomarkers are
urgently needed to improve prognosis.
At present, clinical screening for early detection of
PDAC has only limited effectiveness, and liquid biopsy
appears to be a promising approach to overcome this
problem. In general, however, detection of ctDNA is
still challenging in early-stage cancer patients because
of the high background levels of normal cfDNA. KRAS
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mutation has been proposed as a biomarker in cfDNA
for detection of PDAC, but in early-stage malignant
disease (and also in some metastatic cancers), ctDNA
may be extremely rare in total cfDNA (0.01% or
[23,25,39]
less)
. Although many analyses of ctDNA have
been reported in various cancer types, the vast majority
of those studies were analyses of advanced-stage
cancer patients, with metastasis or high tumor burden,
and the utility of detecting ctDNA in patients with
[14,25,42]
early-stage lesions has been poorly investigated
.
A multicenter study of liquid biopsies in 846 pa
tients with 15 cancer types (including PDAC), using
digital technologies and approximately 5 mL plasma,
reported a detection rate of ctDNA of 80% in patients
with advanced cancer, but only 47% in cases of
[12]
localized cancer . This finding implies that current
technologies for ctDNA analysis are still insufficiently
sensitive for reliable detection of early-stage cancers.
Novel detection methods with much higher sensitivity
are required. The same study also demonstrated that
detection rates for ctDNA differ depending on the type
[12]
of cancer . The factors determining ctDNA levels are
still not completely understood, but may include tumor
burden and spatial proximity to the vasculature, in
addition to type. Detailed analyses and accumulation
of larger numbers of experimental data for patients
with pancreatic cancer in various clinical situations
are needed to develop ctDNA analysis that would be
practical for early diagnosis.
In addition to peripheral blood, other body fluids
such as pancreatic juice may be a secondary source
of tumor DNA for liquid biopsy. While collection of
pancreatic juice is invasive, as it requires endoscopic
techniques which are much more intricate than simple
drawing of blood, pancreatic juice would be expected
to contain a much higher concentration of tumor DNA.
Indeed, mutant KRAS has been detected in pancreatic
[43,44]
juice from pancreatic cancer patients
.
Not only genetic alterations, but also epigenetic
aberrations, such as DNA hypermethylation, occur
during pancreatic carcinogenesis. Aberrant DNA
methylation seems to occur in early-stage tumors,
resulting in inactivation of tumor suppressor genes or
[45,46]
gain-of-function of oncogenic signaling pathways
.
Genes that are aberrantly methylated in a high
proportion of pancreatic cancer patients could thus
be biomarkers for cancer screening. Methylation of
several genes (including NPTX2, SFRP1 and SPARK)
has been detected in pancreatic juice samples, and
allow distinction of patients with chronic pancreatitis
[47]
or normal individuals from cancer cases . Detecting
tumor-specific epigenetic alterations in cfDNA could be
an attractive option for diagnosis of pancreatic cancer
by means of a liquid biopsy approach, since epigenetic
markers, including aberrant DNA methylation, can be
[48]
also found in ctDNA. Indeed, Yi et al demonstrated
this possibility with promoter methylation of BNC1 and
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ADAMTS1. In the future, it may be worth investigating
the feasibility of utilizing combinatorial approaches with
multiple blood-based biomarkers, including genomic
mutations in ctDNA and epigenetic alterations in ctDNA,
as a strategy to improve sensitivity and specificity in
the diagnosis of early-stage pancreatic cancer.

CONCLUSIONS AND FUTURE
DIRECTIONS
Although pancreatic cancer is a highly lethal disease
with limited treatment options, a novel diagnostic test
able to accurately detect the disease at an early stage,
when curative surgery may be feasible, should greatly
improve the prognosis. Minimally-invasive blood tests
might also be useful for cancer screening. A number of
studies have already detected genomic alterations in
blood from patients with pancreatic cancer, confirming
the potential value of liquid biopsy approaches. In
addition, detecting actionable genomic alterations
in ctDNA might provide a less-invasive approach
for precision medicine even in PDAC, which is often
inaccessible for tumor tissue biopsy.
However, at present there is still insufficient
concrete evidence of the utility of ctDNA analysis
regarding treatment of pancreatic cancer, and several
issues need to be addressed. One of the most urgent
is improvement of sensitivity. While the prospects for
technological development and analytical advances
seem promising, implementation of new ctDNA
analyses for pancreatic cancer screening will depend
on demonstration of clinical validity in large prospective
studies. Especially for investigating the feasibility of
utilizing ctDNA for early diagnosis, it is particularly
important to analyze samples from patients with earlystage disease, although this will presumably only
be possible with a generalized screening approach.
Prospective follow-up and sequential blood sampling
of individuals at high risk of pancreatic cancer (e.g.,
those with a family history of pancreatic cancer or
chronic pancreatitis) might thus be essential. Another
issue is the diverse range of methods used so far for
processing of blood samples and extraction of cfDNA. It
will be important to standardize preanalytical processes
for cfDNA analysis, such as blood sample acquisition,
plasma separation, sample storage, cfDNA extraction
and quantification. This issue has only just begun to be
discussed. Recently, there are an increasing number
of new products for cfDNA processing including blood
®
collection tubes [e.g., Cell-Free DNA BCT (Streck)
and Cell-Free DNA Collection Tube (Roche)] and cfDNA
extraction kits [e.g., Quick-cfDNA™ Serum & Plasma
®
Kit (Zymo Research), Maxwell RSC ccfDNA Plasma
Kit (Promega), and MagMAX™ Cell-Free DNA Isolation
Kit (Thermo Fisher Scientific)]. For sequencing of
cfDNA, new library preparation kits optimized for small
®
amounts of fragmented DNA, such as Accel-NGS DNA
®
Library Kits (Swift Biosciences) and ThruPLEX Plasma-
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seq Kit (Rubicon Genomics), have also been available.
It is worth evaluating the new products to establish
standardized methods of ctDNA analysis. In view
of the potential benefit to patients of a liquid biopsy
approach using ctDNA for early detection of pancreatic
cancer, we believe work to address these issues should
be a high priority.
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MINIREVIEWS

Elucidation of the early infection machinery of hepatitis B
virus by using bio-nanocapsule
Qiushi Liu, Masaharu Somiya, Shun’ichi Kuroda
human hepatocytes, is considered to interact first with
heparan sulfate proteoglycan (HSPG) via an antigenic
loop of HBV envelope S protein. Then, it is promptly
transferred to the sodium taurocholate cotransporting
polypeptide (NTCP) via the myristoylated N-terminal
sequence of pre-S1 region (from Gly-2 to Gly-48, HBV
genotype D), and it finally enters the cell by endocytosis.
However, it is not clear how HSPG passes HBV to
NTCP and how NTCP contributes to the cellular entry
of HBV. Owing to the poor availability and the difficulty
of manipulations, including fluorophore encapsulation,
it has been nearly impossible to perform biochemical
and cytochemical analyses using a substantial amount
of HBV. A bio-nanocapsule (BNC), which is a hollow
nanoparticle consisting of HBV envelope L protein, was
efficiently synthesized in Saccharomyces cerevisiae .
Since BNC could encapsulate payloads (drugs, genes,
proteins) and specifically enter human hepatic cells
utilizing HBV-derived infection machinery, it could be
used as a model of HBV infection to elucidate the early
infection machinery. Recently, it was demonstrated that
the N-terminal sequence of pre-S1 region (from Asn-9 to
Gly-24) possesses low pH-dependent fusogenic activity,
which might play a crucial role in the endosomal escape
of BNC payloads and in the uncoating process of HBV.
In this minireview, we describe a model in which each
domain of the HBV L protein contributes to attachment
onto human hepatic cells through HSPG, initiation of
endocytosis, interaction with NTCP in endosomes, and
consequent provocation of membrane fusion followed
by endosomal escape.
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Abstract

Core tip: Owing to the poor availability and the difficulty
of manipulations of hepatitis B virus (HBV), it has been

Currently, hepatitis B virus (HBV), upon attaching to
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human hepatocytes, many parts of the HBV envelope
L protein have been proposed to be indispensable for
early infection, especially for the initial attachment.
In 1986, the N-terminal part of pre-S1 region (from
Pro-10 to Pro-36; see Figure 2) was shown to interact
[4]
with PHH . Monoclonal antibody against the pre-S1
region, MA18/7, could neutralize the in vitro infectivity
of HBV to PTH, whereas antibodies against pre-S2 and
[5,6]
S regions could not . N-terminal myristoylation of
pre-S1 region is also indispensable for HBV to infect
[7]
PHH . Furthermore, since the addition of heparin
could efficiently inhibit in vitro infection with HBV,
attachment to heparan sulfate proteoglycan (HSPG),
a protein abundant in the extracellular matrix, is
[8]
a prerequisite for infection of HepaRG cells and
[9]
PTH . Highly conserved residues (Gly-282, Pro-283,
Cys-284, Arg-285, Cys-287, and Lys-312; see Figure
2) in the antigenic loop (AGL) of S region could directly
[10-12]
contact with HSPG
. It is interesting that other
viruses, including herpes simplex virus-1 and human
immunodeficiency virus-1 (HIV-1), also require inter
[13]
action with HSPG for their entry . These results
strongly suggest that HSPG is a low-affinity receptor
for HBV entry. In case of HIV-1, following attachment
to HSPG, the virus interacts with CD4 receptor, leading
to conformational changes in the viral envelope protein,
and subsequently enters the cell using the CCR5 co[14]
receptor . However, it remains unclear what events
occur during infection and how HBV exhibits such
stringent specificity to human hepatocytes.
In 2012, a transmembrane protein, sodium tau
rocholate cotransporting polypeptide (NTCP), also
[15]
known as SLC10A1 , was indicated as a functional
[16]
receptor responsible for HBV infection . NTCP is
predominantly expressed on the sinusoidal membrane
of hepatocytes and is responsible for the majority of
sodium-dependent bile acid translocation, playing
an essential role in the enterohepatic cycle of bile
[17]
acids . Knockdown or overexpressed NTCP in human
hepatocytes prevented or facilitated HBV infection,
[18]
respectively . Most importantly, an N-terminally
myristoylated pre-S1 (2-47) peptide could inhibit
both the transporter function and HBV interaction of
[19]
NTCP efficiently (Figure 2). These results indicate
that NTCP is a high-affinity human liver-specific
HBV receptor and would open up new avenues for
understanding the early infection machinery of HBV.

difficult to analyze its early infection events in human
hepatocytes. Using a bio-nanocapsule, a unique model
of HBV, we could study these events by biochemical
and cytochemical methods, and finally identify a low
pH-dependent fusogenic domain in HBV pre-S1 region,
which might play a pivotal role in the endosomal
escape of HBV. We hereby postulate a model in which
each domain in HBV envelope L protein participates in
cell attachment, endocytosis, membrane fusion, and
consequent endosomal escape (i.e. , uncoating process
of HBV).
Liu Q, Somiya M, Kuroda S. Elucidation of the early infection
machinery of hepatitis B virus by using bio-nanocapsule. World
J Gastroenterol 2016; 22(38): 8489-8496 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i38/8489.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i38.8489

INTRODUCTION
Hepatitis B virus (HBV) is an approximately 42 nm
envelope virus containing a nucleocapsid with an
approximately 3.2 kilobase double-stranded DNA
genome (Figure 1). There are three types of envelope
proteins on the surface of HBV virion: The small (S)
protein, middle (M, pre-S2 + S region) protein, and
[1]
large (L, pre-S1 + pre-S2 + S region) protein (Figure
2). Although nearly half a century has passed since
the discovery of HBV, it has been difficult to obtain
HBV in substantial amounts for biochemical analyses
and establish an efficient in vitro system covering
infection, replication, and virion release. As a first
generation system, HBV was purified from chronically
infected patient’s plasma, and primary human hepa
tocytes (PHH) were used as target cells. Since this
system completely depends on clinical specimens,
many researchers have reluctantly utilized human
hepatoma-derived cell lines for a long time, but these
often neither accept HBV infection nor reproduce it.
Next, as a second generation system, primary Tupaia
hepatocytes (PTH) were found to accept HBV infection
efficiently in the presence of dimethyl sulfoxide (DMSO)
[2]
and allow HBV reproduction . Furthermore, as a third
generation system, one human hepatoma cell line,
HepaRG, was recently found to accept HBV infection
[3]
in the presence of DMSO as well as PHH and PTH ,
providing a new possibility for studying HBV early
infection. Although the aforementioned progress in
HBV target cells has been made for the long time, it is
still necessary to obtain a substantial amount of HBV
exclusively from patient’s plasma. These situations
have hampered the comprehensive elucidation of early
infection machinery of HBV.

BIO-NANOCAPSULE AS A VACCINE
IMMUNOGEN
Large fraction of the world’s population suffers from
HBV infection. Since HBV can be transmitted through
blood and body fluids, and there has not been any
effective anti-HBV drug, vaccination against hepatitis
B (HB) is essential for protection from blood-borne
infection. Initially, subviral particles consisting of HBV
envelope S protein [i.e., HBV surface antigen (HBsAg)]

HBV AND ITS RECEPTORS
To elucidate the mechanism how HBV recognizes
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were purified from HBV e antigen negative patient’s
plasma and were formulated as first generation HB
vaccines. For eliminating the risk caused by conta
mination with HBV, HBV envelope S protein was
expressed in yeast cells in a particle form, and used as
[20]
the second generation HB vaccine . However, even
after repetitive injection with these vaccines, approx.
Five percent of vaccinees could not be seroconverted
[21]
(i.e., low and non-responders) . The finding that
pre-S2 region could elicit HBV-neutralizing antibodies
[22]
in chimpanzees
led us to synthesize the HBV
envelope M protein in particle form in yeast cells. This
third generation HB vaccine candidate could effectively

WJG|www.wjgnet.com

induce protective level of anti-pre-S2 antibodies even
[23]
in low and non-responders . Thereafter, owing to the
recognition that pre-S1 region could elicit additional
[4]
HBV-neutralizing antibodies , many researchers have
attempted to synthesize the full-length HBV envelope
protein (L protein) in particle form in eukaryotic cells,
but the N-terminal part of pre-S1 region showed
strong inhibitory effect on its synthesis. In 1992, fusion
of the N-terminus with a chicken lysozyme-derived
signal peptide could overcome the inhibitory effect and
facilitated overexpression of L particles in yeast cells
[24]
(up to approx. 42% of the total soluble protein) .
The particles could be purified by heat-treatment,
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affinity column chromatography, and size exclusion
[25]
column chromatography . Unlike the approx. 42-nm
HBV virion, the particle exhibited approx. 100-nm
spherical hollow structure, consisting of about 110 L
proteins embedded in an yeast endoplasmic reticulum
membrane-derived liposomal structure, whereas the
stoichiometric ratio of L/M/S envelope proteins of HBV
[26,27]
virion is approx. 1:1:4 (Figure 1)
. Furthermore,
3[28]
the density of particle is approx. 1.22 g/cm , which
3 [29]
is similar to that of HBV virion (approx. 1.17 g/cm ) .
The particle lacks the N-terminal myristoyl group
and possesses additional sugar groups in the preS1+pre-S2 region. They could elicit anti-S, anti-pre-S1
[26]
and anti-pre-S2 antibodies effectively in mice .
According to proteinase protection assay, the pre-S1
region, pre-S2 region, and a part of S region (AGL) are
deployed outwardly on the surface of L particle, similar
[24]
to HBV . This similarity in surface structure prompted
us to utilize it as a bio-mimic of HBV in further studies.

WJG|www.wjgnet.com

We therefore designated the HBV envelope L particle
[30,31]
as a “bio-nanocapsule (BNC)”
.

BNC AS NANOCARRIER
Human hepatic cell-specific targeting activity

Since HBV specifically infects human hepatocytes and
delivers its genetic material and associated proteins
into the cytoplasm, we examined whether BNC also
exhibited a similar function. Following the introduction
of a fluorophore or enhanced green fluorescence
protein -expression plasmid into the hollow space
of BNC by electroporation, the human hepatic cells
receiving BNCs were found to exhibit fluorescence in
[32]
vitro . Furthermore, after an intravenous injection
of these BNCs, fluorescence was emitted exclusively
from human hepatic cell-derived tumors of xenograft
[32]
mice
and in normal human liver tissues under the
kidney skin of severe combined immunodeficiency
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[33]

(SCID) mice . These results strongly suggested that
BNC target and enter human hepatic cells in vitro and
in vivo using HBV-derived infection machinery, present
in the L protein.

be easily labeled with fluorophores and enzymes for
cytochemical and biochemical analyses.

Cell attachment and endocytosis

As described above, HBV is considered to interact
primarily with HSPG (a low-affinity HBV receptor),
change its own structure, and then interact with NTCP
[18,19]
(a high-affinity HBV receptor)
. HSPG is abundantly
expressed in the extracellular matrix of various tissues,
[8,11]
which could interact with AGL of S region
. The
[32]
binding of BNC to human hepatic cells
was effi
[38]
ciently suppressed by heparin . Since the membrane
topology of BNC is similar with HBV, HSPG might act
as a low-affinity receptor for BNC. After BNC attached
onto human hepatic cells, it was internalized mainly
by clathrin-dependent endocytosis, with a rate very
[39]
similar to HBV (Figure 3). These results led us to
assume that both BNC and HBV utilize the same
machinery for cell attachment and endocytosis. The
N-terminally myristoylated pre-S1 region (from Gly-2
to Val-47; see Figure 2) is essential for interaction
[40]
of HBV with NTCP , but the original BNC lacks
the myristoylated N-terminus owing to the addition
[24]
of a signal peptide for expression in yeast cells .
After chemical modification with myristoyl group,
the myristoylated BNC (Myr-BNC) was confirmed
to interact with NTCP by immunoprecipitation assay
by using lysate of NTCP-overexpressing HepG2 cells
(HepG2/NTCP cells), and inhibit the infection of
HepG2/NTCP cells with HBV in vitro, whereas BNC
[41]
itself neither . For evaluating the contribution of NTCP
to the cell attachment and entry of HBV, fluorophorelabeled form of BNCs, Myr-BNCs, and HB patient
plasma-derived HBsAg particles (containing native L
protein with N-terminal myristoylation) was incubated
with either HepG2 or HepG2/NTCP cells, and then
analyzed by flow cytometry. Each of three particle was
found to be equally associated with both cell types and
be finally localized in late endosomes at comparable
[41]
level (approx. 20% of each particle) . Furthermore,
overexpressed NTCP in HepG2 cells (HepG2/NTCP
cells) could neither enhance the cell-surface interaction
nor the internalization of fluorophore-labeled form
of Myr-BNCs or HBsAg particles, strongly suggesting
that cell surface NTCP is not involved in the interaction
[41]
with HBV (Figure 3) . It is likely that other receptors
participate in the human hepatic cell-specific intera
ction and internalization of BNC and HBV.

Liposome fusion activity

BNC was capable of fusing with liposomes (LPs),
[28]
leading to the formation of BNC-LP complex . Under
high temperature (up to 70 ℃) and acidic conditions,
the complex was found to transform into a smooth
and spherical structure (namely virosomes), in which
L proteins translocated across the membrane in the
[34]
correct topology . Following incorporation of beads
and genes, these virosomes could efficiently deliver
[28]
into the cytoplasm of human hepatic cells in vitro
[28,34]
and specifically to human hepatic cells in vivo
.
Furthermore, after incorporating doxorubicin by remote
loading method, the virosomes were intravenously
injected into xenograft mice harboring human hepatic
cell-derived tumors. The virosomes could retard the
tumor growth more effectively than LPs containing
doxorubicin, strongly suggesting that virosome could
delivery their payload into human hepatic cell-derived
tumor efficiently utilizing HBV-derived infection
[34]
machinery . These results indicate that the virosome
is a promising nanocarrier for cytoplasmic delivery of
drugs and genes.

Stealth activity

Intravenously injected nanoparticles were unexpectedly
trapped by the reticuloendothelial system (RES) in
liver, lung, spleen, and so on. However, some viruses
can evade RES effectively and finally infect target
cells and tissues in vivo, namely by virus-derived
stealth activity. Meanwhile, it was demonstrated that
HBV could associates with monomeric human serum
[35,36]
albumin (HSA) and polymerized-HSA
through the
polymerized-albumin receptor (PAR) domain in the
[37]
pre-S2 region (120-129 aa) . When LPs displaying
the PAR domain-containing peptide were intravenously
injected into mice, they could recruit albumins on their
surface and evade RES effectively (Takagi et al personal
communication). Indeed, in nude mice harboring
human hepatic cell-derived tumors, intravenously
injected BNC could target and enter the target tumors
[32]
by evading RES . Thus, BNC (presumably as well as
HBV) could recruit albumin in blood stream by its PAR
domain and then exhibit stealth activity.

Endosomal escape and uncoating process

BNC AS A MODEL OF HBV

For the majority of viruses, entry into the cell is via the
endocytic pathway. Upon reaching late endosomes, the
subsequent uncoating process assists in endosomal
escape; otherwise, viruses would be degraded in
[42]
lysosomes . As is the case with other enveloped
viruses, it was postulated that HBV also escapes from
[43]
endosomes using the membrane fusion machinery .
The following fusogenic domains have been identified

As described in the above paragraph, it was demon
strated that BNC possesses HBV-derived infection
machinery. Compared with HBV virion, BNC has
the following advantages for the elucidation of early
infection machinery of HBV. First, the substantial
amount of purified BNCs could be easily obtained
from recombinant yeast cells. Second, BNCs could
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in L protein: C-terminal half of pre-S2 region (pH[44]
independent; amino acid residues from 149 to 160) ,
N-terminal part of S region (low pH-dependent; amino
[45]
acid residues from 164 to 186) , and the whole
[46]
pre-S1 region (low pH-dependent) . However, it has
thus far remained controversial as to which domains
are responsible for the uncoating process of HBV in
endosomes. Recently, by lipid mixing assay using BNC
or LPs displaying pre-S1-derived mutant peptide, we
identified novel low pH-dependent fusogenic domain in
the N-terminus of pre-S1 region (from Asn-9 to Gly-24;
[47]
see Figure 2) . When BNC lacking pre-S1 region was
used for the lipid-mixing assay, the fusogenic activity
was completely lost. Pre-incubation of BNC with antipre-S1 antibodies also inhibited fusion. These results
indicated that the fusogenic activity of pre-S1 (9-24)
peptide is dominant over those of other fusogenic
domains (see above). Furthermore, upon mixing LPs
containing fluorophore and quencher (model of en
dosomes) with BNC or LPs displaying pre-S1 (9-24)
peptide, the fluorophore was immediately released at
low pH. This suggested that the pre-S1 (9-24) peptide
possesses low pH-dependent membrane disruption
activity. When BNCs containing fluorophore were
mixed with LPs, the fluorophore was released at low
pH, suggesting that BNC as well as HBV rupture upon
interaction with endosomal membrane at low pH.
These results strongly suggested that the pre-S1 (9-24)
peptide is essential for the endosomal escape of BNC
payload as well as the uncoating process of HBV (Figure
[48]
3), which agreed well with Watashi et al . More
recently, the fusogenic activity of pre-S1 (9-24) peptide
was shown to correlate with its hydrophobicity, which
is significantly enhanced by the protonation of Asp-16
[49]
and Asp-20 under acidic conditions .

infection can open avenues for novel targets for antiHBV drugs.
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Abstract
AIM
To investigate the hypothesis that exposure to guani
dinoacetate (GAA, a potent methyl-group consumer)
either alone or combined with ethanol intake for a
prolonged period of time would cause more advanced
liver pathology thus identifying methylation defects
as the initiator and stimulator for progressive liver
damage.

Supported by a Merit Review grant BX001155 (to Kharbanda
KK) from the Department of Veterans Affairs, Office of Research
and Development (Biomedical Laboratory Research and
Development).
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METHODS
Adult male Wistar rats were fed the control or ethanol
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Lieber DeCarli diet in the absence or presence of GAA
supplementation. At the end of 6 wk of the feeding
regimen, various biochemical and histological analyses
were conducted.

org/10.3748/wjg.v22.i38.8497

INTRODUCTION

RESULTS
Contrary to our expectations, we observed that GAA
treatment alone resulted in a histologically normal liver
without evidence of hepatosteatosis despite persistence
of some abnormal biochemical parameters. This
protection could result from the generation of creatine
from the ingested GAA. Ethanol treatment for 6 wk
exhibited changes in liver methionine metabolism and
persistence of histological and biochemical defects as
reported before. Further, when the rats were fed the
GAA-supplemented ethanol diet, similar histological
and biochemical changes as observed after 2 wk of
combined treatment, including inflammation, macroand micro-vesicular steatosis and a marked decrease
in the methylation index were noted. In addition, rats
on the combined treatment exhibited increased liver
toxicity and even early fibrotic changes in a subset of
animals in this group. The worsening liver pathology
could be related to the profound reduction in the
hepatic methylation index, an increased accumulation
of GAA and the inability of creatine generated to exert
its hepato-protective effects in the setting of ethanol.

Alcoholic liver disease is one of the most serious
[1,2]
medical consequences of chronic ethanol use
.
Investigations into the mechanisms of ethanol-induced
liver injury have revealed that chronic ethanol abuse
[3-5]
causes alterations in the methionine metabolism .
In particular, ethanol primarily impairs the activity of a
[6,7]
vital enzyme, methionine synthase . This reduction
[8]
increases homocysteine secretion , promotes hepatic
[7,9]
S-adenosylhomocysteine (SAH) accumulation
and
causes a significant lowering in the hepatocellular
S-adenosylmethionine (SAM, a methyl donor) to
[7,9]
SAH ratio . The resulting impairments in several
transmethylation reactions have been shown to play a
causal role in the generation of many hallmark features
of alcoholic liver injury including steatosis, apoptosis,
accumulation of damaged proteins and proteasome
[3-5,7,10-14]
inhibition
.
The above mentioned changes in methionine me
tabolism and significant hepatic steatosis are also
[15]
evident as early as 2 wk of ethanol feeding . Further,
feeding rats a diet containing guanidinoacetate (GAA, a
potent methyl group consumer) for only 2 wk depleted
hepatic SAM levels and lowered SAM:SAH ratio result
[15]
ing in macrovesicular steatosis . This methylation
stress occurs due to the increased utilization of SAM
by the enzyme, guanidinoacetate methyltransferase
(GAMT) that converts the administered GAA to form
[12,15-20]
the methylated product, creatine
. Additionally,
GAA and ethanol appeared to exert synergistic stress
[15]
following 2 wk of feeding . These GAA-supplemented
ethanol diet-fed rats displayed marked decrease in the
methylation index (i.e., SAM:SAH ratio), significantly
increased triglyceride accumulation, inflammatory
changes and liver toxicity compared to the GAA or
[15]
ethanol-fed rats .
Based on the above considerations, we hypothesized
that feeding a methyl group consumer in conjunction
with ethanol for a longer period than 2 wk will stimulate
the progression of disease to produce more serious liver
damage. To test this premise, we again chose GAA as
a surrogate for methyl group consumers whose inges
[21]
tion has considerably increased in the last decade .
We planned the study exactly as our previous 2-wk
[15]
study
except the time of exposure to GAA, ethanol
or combined treatment was extended to 6 wk.
We report the tremendous resilience and adaptation
of the liver to continuous insult by the methylation
stressor, GAA. However, rats exposed to the ethanol
and GAA-treatment combined displayed persistence
of liver injury that appeared more pronounced at 6 wk
compared to the other groups in this study and to the
pathology seen at 2 wk of the combined regimen.

CONCLUSION
To conclude, prolonged exposure to a methyl consumer
superimposed on chronic ethanol consumption causes
persistent and pronounced liver damage.
Key words: Methyl balance; S-adenosylmethionine;
S-adenosylhomocysteine; Guanidinoacetate; Alcohol
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We examined the role of a combined exposure
to ethanol and guanidinoacetate (GAA) in the patho
genesis of liver injury. Exposure to either treatment
lowers the hepatic methylation index which is defined
as the ratio of the methyl donor, S-adenosylmethionine
to its product S-adenosylhomocysteine. We observed a
worsening of liver pathology with prolonged GAA and
ethanol treatment compared to either treatment alone.
These detrimental consequences were related to the
profound reduction in the hepatic methylation index,
an increased accumulation of GAA and the inability of
creatine generated to exert its hepato-protective effects
in the setting of ethanol.
Osna NA, Feng D, Ganesan M, Maillacheruvu PF, Orlicky
DJ, French SW, Tuma DJ, Kharbanda KK. Prolonged feeding
with guanidinoacetate, a methyl group consumer, exacerbates
ethanol-induced liver injury. World J Gastroenterol 2016;
22(38): 8497-8508 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i38/8497.htm DOI: http://dx.doi.
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[7,12]

and GAA levels as detailed previously
. We also
calculated the hepatic methylation index which is
defined as the ratio of SAM to SAH.
The triglyceride, cholesterol and non-essential
fatty acid (NEFA) content in the liver lipid extract
was quantified using the diagnostics kits (Thermo
Electron Clinical Chemistry, Louisville, CO and Wako
Diagnostics, Richmond, VA) as detailed previously
[7]
following the manufacturer’s instructions .

MATERIALS AND METHODS
Feeding procedure

[22]

Lieber-DeCarli control and ethanol liquid diets
were
purchased from Dyets, Inc. (Bethlehem, PA). Male
Wistar rats weighing 180 to 200 g purchased from
Charles River Laboratories, Wilmington, MA) were
weight-matched and divided into four groups. Each
group consisted of 5 rats that were fed the control diet
(Group 1), control diet supplemented with 0.36% GAA
(w/v) (Group 2), ethanol diet consisting of 36% of
total energy (Group 3) or ethanol diet supplemented
with 0.36% GAA (Group 4) for a 6 wk period. Rats in
Groups 1-3 were fed the amount of diet consumed
by rats in Group 4. The care, use and procedures
performed on these rats complied with NIH guidelines
and all procedures were approved by the Institutional
Animal Care and Use Committee at the Omaha Vete
rans Affairs Medical Center.
At sacrifice, the following tissues were collected
and processed as indicated. Serum was prepared
by centrifuging the serum separator tube containing
the collected blood at 13000 × g for 5 min. A portion
of the liver was processed for the preparation of
a deproteinized extract using perchloric acid as
[7]
previously described . Another portion of the liver
was immediately fixed in formalin for histology. A third
portion of the liver was used to prepare the cytosol
[11]
fraction as detailed
on the day of sacrifice. The
remainder of the liver was freeze-clamped and stored
at -70 ℃ for subsequent biochemical assays.

Liver cytosols were used for determining hepatic GAMT
[12]
activity as detailed in our publication . L-arginine:
glycine amidinotransferase (AGAT) activity was
[12]
assayed in kidney homogenates as detailed .

Histopathological evaluation

Proteasome activity

Serum homocysteine, aspartate transaminase, alanine
transaminase, GAA, insulin, NEFA and ethanol levels

HPLC analysis was conducted to determine serum
homocysteine and GAA levels as detailed in our
[8,12]
previous publications
. Serum alanine transaminase
(ALT)/aspartate transaminase (AST) levels were
determined using the VITROS 5.1 FS Chemistry
System (Ortho Clinical Diagnostics, Raritan, NJ).
Commercially available ELISA kits from EMD Millipore
(Billerica, MA) and Wako Diagnostics (Richmond, VA)
were used to determine serum Insulin (and NEFA
levels, respectively. Ethanol levels were quantified by
[25]
gas chromatography using a Perkin-Elmer system .

GAMT and L-arginine:glycine amidinotransferase
activity measurements

Trypsin-like (Suc-LSTR-AMC hydrolysis) and Chymo
trypsin-like (Suc-LLVY-AMC hydrolysis) activity was
[13,14]
determined as previously described
using liver
cytosol fractions. Protein concentration were measured
[26]
by the Bradford dye-binding procedure
and the
specific enzyme activities were expressed as nanomoles
of 4-amino, 7-methyl coumarin formed per mg protein
per hour.

Hematoxylin and eosin stained liver sections slides
were independently evaluated (by Orlicky DJ and
[23,24]
French SW) using published criteria
in a blinded
fashion.
Mallory trichrome staining was performed as
detailed before. Briefly, the sections were treated
with 1% fuchsin acid solution for 2 min, washed and
stained with 1% phosphomolybdic acid solution. The
sections were washed again and then incubated in a
solution containing Methyl Blue (0.5%), Orange G (2%)
and oxalic acid (2%) for 15 min. Slides were then
washed thoroughly, dehydrated with ethanol, cleared
with xylenes and mounted.
Olympus BX51 microscope equipped with a 4
©
megapixel Macrofire digital camera (Optronics,
Goleta, CA) was used to capture the images using the
©
PictureFrame Application 2.3 (Optronics). All images
©
in each composite were processed by Photoshop
(Adobe Systems Inc., Mountain View, CA) and handled
identically.

Statistical analysis

Data were analyzed by ANOVA followed by Tukey test
for specific comparisons between means. A P value <
0.05 was regarded as statistically significant.

RESULTS
The body weights of the GAA-treated and their pair-fed
controls were comparable. However, an approximately
10% to 20% lower body weight was noted for the
ethanol-alone and the GAA-supplemented ethanol-fed
rats despite the fact that all rats had identical caloric
intake (Table 1). The liver weight and the percent liverto-body weight ratio of GAA-treated and their pair-fed
controls were similar at the end of 6-wk of the feeding
regimen. Ethanol treatment for 6 wk increased the
liver weight and percent liver-to-body ratio which was

Hepatic SAM, SAH, GAA, creatine, triglycerides,
cholesterol and non-essential fatty acid levels

High-performance liquid chromatography (HPLC)
analysis was performed on the perchloric acid extract
of total liver for determining SAM, SAH, creatine
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Table 1 Effect of dietary ethanol or/and guanidinoacetate ingestion on pathology

Body weight (gm)
Liver weight (gm)
Liver-to body ratio (%)
Serum ALT (U/L)
Serum AST (U/L)
Serum GAA (µmol/L)
Serum ethanol levels (mmol/L)
Hepatic GAMT activity
(pmol Creatine synthesized/min/mg protein)
Kidney AGAT activity
(nmol GAA synthesized/min/mg protein)

Control

Control + GAA

Ethanol

Ethanol + GAA

366.71 ± 20.26a
9.82 ± 0.44a
2.67 ± 0.07a
54.43 ± 1.65a
63.00 ± 3.95a
1.92 ± 0.31a
0 ± 0.00a
247.58 ± 22.31a

345.93 ± 12.30a
9.47 ± 0.44a
2.74 ± 0.10a
56.57 ± 3.96a
68.40 ± 10.79a
60.60 ± 6.73b
0 ± 0.00a
412.13 ± 24.92c

301.00 ± 12.49b
11.70 ± 0.36b
3.88 ± 0.25b
120.00 ± 15.59b
135.23 ± 13.86b
2.97 ± 1.05a
51.10 ± 4.346b
207.19 ± 22.32b

323.90 ± 12.89a
15.05 ± 0.71c
4.64 ± 0.06c
222.00 ± 50.52b
252.60 ± 54.19b
23.63 ± 1.32c
44.94 ± 6.28b
445.198 ± 23.19c

10.39 ± 1.07a

2.882 ± 0.44b

10.03 ± 1.17a

2.30 ± 0.177b

Data represent mean ± SEM. of n = 5 animals/group. Values not sharing a common subscript letter are statistically different, P < 0.05. AGAT: L-arginine:
glycine amidinotransferase; GAA: Guanidinoacetate; AST: Aspartate transaminase; ALT: Alanine transaminase.

A

increased hepatic triglyceride and cholesterol accu
mulation by approximately 6- and 3-fold, respectively
compared with the pair-fed controls (Figure 1A and
B). There was no change in the triglyceride or cho
lesterol content in liver of GAA-fed rats compared to
controls. However, a approximately 11- and 7-fold
increase in triglyceride and cholesterol accumulation,
respectively, was observed in livers of rats fed the
GAA-supplemented ethanol diet compared with the
pair-fed controls (Figure 1A and B).
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The livers of the rats fed the control diet showed
no macro- or microvesicular steatosis and the total
percent of hepatocytes possessing lipid vesicles was
less than 10% in all animals. There was no fibrosis
present or inflammation (small foci of inflammatory
cells, lipogranulomas, or portal triad inflammation).
Furthermore no hepatocyte cell injury, sinusoidal
dilatation or congestion was observed in any animal in
this group (Figure 2A).
The histology of the GAA treated group (n = 5)
was similar to the control group. None of the animals
presented with either macro- or microsteatosis. There
also was no evidence of fibrosis, inflammatory changes
or hepatocyte cell injury in this group of animals (Figure
2B).
In the ethanol-treated group (n = 5), all rats
exhibited a panlobular microvesicular pattern of stea
tosis and low levels of macrosteatosis in zones 2 and
3. No fibrosis, inflammatory changes or hepatocyte cell
injury was seen in this group of animals (Figure 2C and
3A).
In the ethanol plus GAA- treated group (n = 5)
there appeared to be some synergy between the
treatments. All 5 animals had macrosteatosis in
10%-66% of their hepatocytes which was present
in a panlobular pattern, although there was more
macrosteatosis in zones 2 and 3. Microsteatosis was
also present in all 5 animals and it too was found in a
panlobular pattern (Figure 2D).
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Figure 1 Effect of dietary ethanol or/and guanidinoacetate ingestion on
hepatic triglycerides and cholesterol levels. Male Wistar rats were fed the
control or ethanol Lieber DeCarli diet with or without 0.36% GAA. After 6 wk
of feeding, triglyceride (A) and cholesterol (B) content in the liver lipid extract
was determined using the diagnostics kit (Thermo Electron Clinical Chemistry,
Louisville, CO). The data shown are mean ± SEM of 5 determinations. Values
not sharing a common subscript letter are statistically different, P < 0.05 vs
control. GAA: Guanidinoacetate.

further augmented in the group of rats fed the GAAsupplemented ethanol diet (Table 1).

GAA enhances ethanol-induced steatosis

We observed that 6 wk of ethanol administration
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Figure 2 Effect of dietary ethanol or/and guanidinoacetate ingestion on liver histology. Hematoxylin-eosin stained images of livers from animals fed the
following diets are shown: Pair-fed control (A); 0.36% guanidinoacetate (GAA) (B); ethanol (C); ethanol + 0.36% GAA (D). Scale bars = 50 microns. Limited
macrosteatosis was observed following the ethanol diet while much more extensive macrosteatosis with a limited number of cells exhibiting microsteatosis and a
couple of small lipogranulomas (arrows) are seen in the livers of animals on the ethanol + 0.36% GAA diet. The livers of the animals on the 0.36% GAA diet are similar
to the control livers. PT: Portal triad; CV: Central vein.
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Figure 3 Hematoxylin-eosin staining of liver sections from rats fed ethanol (A) or ethanol + 0.36% guanidinoacetate (B) for 6-wk. There is a diffuse
inflammatory infiltrate in the liver from the rat fed ethanol plus guanidinoacetate. Green arrows indicate lipogranulomas, green circle indicates an inflammatory cell
foci, Scale bar = 100 microns. PT: Portal triad, CV: Central vein.

Further, all rats in the ethanol + GAA-treated group
exhibited small foci of inflammatory cells per 200 ×
field and the presence of lipogranulomas (Figure 3B).
Analysis of the Mallory trichrome stained slides revealed
a very small amount of fibrosis in 2 of the 5 animals
in this treatment group and only one of these two
exhibited small amount of sinusoidal fibrosis (Figure 4).
One animal showed a few hepatocytes with cell injury
while another exhibited slightly dilated sinusoids in the
centrilobular region.

WJG|www.wjgnet.com

No ballooning of hepatocytes, significant numbers
of acidophil bodies, pigmented macrophages, mega
mitochondria, Mallory Bodies, glycogenated nuclei,
significant numbers of mitotic figures, or hyalinized
and thickened portal veins or hepatic arteries were
present in any of the groups in this experiment.

Hepatocellular levels of SAM, SAH, SAM:SAH Ratio,
GAA and creatine

Hepatic SAM levels were similar between the control
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and ethanol-fed rats. This was in accordance with
[7,12]
our previously published results
. However, SAM
level was decreased in the GAA-treated rats, which
was more pronounced in the rats fed the GAAsupplemented ethanol diet (Figure 5A).
In regards to hepatic SAH levels, comparable
increases in the level of this metabolite compared to
controls were observed in GAA or ethanol treated rats.
However, markedly increased hepatic SAH levels was
noted in the group of rats fed the GAA-supplemented
ethanol diet compared to other treatment groups
(Figure 5B).
Since the SAM:SAH ratio is an important factor
regulating cellular methylation reactions, calculation
of this ratio revealed a lower SAM:SAH ratio in the
ethanol-fed and the GAA-alone treated groups
compared with the controls. A dramatic decrease in
hepatocellular SAM:SAH ratio was seen in rats fed the
GAA-supplemented ethanol diet in comparison with
the other treatment groups (Figure 5C).
Regarding hepatic creatine and GAA levels after
6 wk of the dietary regimens, we observed a 60%
decrease in hepatic creatine and a approximately
2-fold increase in GAA accumulation in rats exposed
to ethanol as compared with the pair-fed controls
(Figure 6A and B). This was in accordance with our
published data obtained on feeding rats a control or
[12]
ethanol diet for 4-5 wk . However, GAA ingestion
either alone or in combination with ethanol treatment
elevated hepatic creatine and GAA levels, as expected.
While the combined GAA + ethanol treatment had a
significantly higher hepatic creatine content than the
GAA-alone treatment, a statistically similar increase
in hepatic GAA level was noted in these two groups of
animals, showing almost 20-fold increased levels as
compared with the control diet-fed rats (Figure 6B).
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Figure 5 Effect of dietary ethanol and/or guanidinoacetate ingestion
on hepatic S-adenosylmethionine, S-adenosylhomocysteine and
S-adenosylmethionine: S-adenosylhomocysteine ratio. Rats were
fed the Lieber DeCarli control or ethanol diet with or without 0.36% GAA
supplementation. After 6 wk of feeding, Hepatocellular SAM (A) and SAH (B)
levels were determined by HPLC analysis as detailed in the “MATERIALS AND
METHODS” section and (C) SAM:SAH ratio calculated. The data shown are
mean ± SEM of 5 determinations. Values not sharing a common subscript letter
are statistically different, P < 0.05 vs control. GAA: Guanidinoacetate; SAM:
S-adenosylmethionine; SAH: S-adenosylhomocysteine.

rats fed the control or ethanol diets for 6 wk. However
feeding rats a GAA-supplemented diet increased
circulating homocysteine level which was further
dramatically increased in in the GAA-supplemented
ethanol treated group (Figure 7A).
GAA alone had no effect on circulating insulin or
NEFA level (Figure 7B and C). On the other hand,
ethanol administration decreased serum insulin levels

Serum levels of homocysteine, GAA, insulin, NEFA, AST
and ALT

Similar serum homocysteine levels were observed in the
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liver section from a rat fed the ethanol + 0.36% guanidinoacetate for 6
wk. Green arrows point to delicate trichrome collagen fiber and green circle
surrounds small inflammatory cell foci. Note the presence of many macro- and
micro-steatotic hepatocytes Scale bar = 50 microns.
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the two treatment groups (Table 1).
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Hepatic GAMT and kidney AGAT activity

Hepatic creatine
(nmol/100 gm BW)
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Ethanol administration for 6 wk resulted in a small
(20%), but significant, decrease in hepatic GAMT
activity compared to controls (Table 1). A approximately
1.7-fold increase in hepatic GAMT activity was observed
in both GAA treatment groups (either alone or supple
mented in the ethanol diet) (Table 1).
Kidney AGAT activity was unaffected after 6 wk of
ethanol treatment (Table 1). A substantially suppressed
kidney AGAT activity was observed after GAA admi
nistration for 6 wk which was comparable in the
combined GAA-ethanol treatment group (Table 1).
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A significant decline in trypsin- and chymotrypsin-like
specific activities of the proteasome was noted in the
rats fed ethanol for 6 wk which further decreased in
the combined GAA and ethanol treatment group (Figure
8). Liver proteasome activity was unaffected by GAAalone treatment (Figure 8).

b

10000
b

8000

l

DISCUSSION

GA

no
no

l+

ha

Our findings indicate that the longer period of 6 wk of
feeding GAA (a methyl group consumer) along with
ethanol (a metabolic stressor) imposes a substantial
burden on the cellular methylation index, which results
in increased liver toxicity in comparison to our recently
[15]
published 2-wk study . However, some unexpected
results were obtained on analyzing liver damage upon
feeding GAA alone. While 2 wk of GAA treatment
[15]
generated hepatic steatosis , this pathology was
surprisingly absent at 6 wk of administration of this
agent.
Our laboratory has been examining the con
sequences of the alcohol-induced changes in the
methionine metabolism and have made a seminal
contribution in identifying the causal role of the
reduction in the hepatocellular SAM:SAH ratio in the
[3,4,7-12,15,27-34]
pathogenesis of alcoholic liver injury
.
In a recent study, we reported that 2 wk of ethanol
feeding promoted hepatic SAH accumulation and
caused a significant reduction in hepatocellular SAM:
[15]
SAH ratio . The consequent reduction in the hepatic
methylation capacity resulted in hepatic steatosis and
proteasome inhibition, the two examined functional
[15]
consequences of low SAM:SAH ratio . We also
showed that feeding a methylation stressor, GAA, for 2
wk also perturbed the methionine metabolic pathway
that caused a reduction in the hepatic SAM:SAH ratio.
This ultimately resulted in similar histopathology as
[15]
seen after ethanol exposure . More importantly,
we showed that the combined treatment with GAA
and ethanol treatment further lowered the SAM:SAH
causing even more profound pathological changes
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Figure 6 Effect of dietary ethanol and/or guanidinoacetate ingestion on
hepatic creatine and guanidinoacetate levels. Rats were fed the Lieber
DeCarli control or ethanol diet with or without 0.36% GAA supplementation.
After 6 wk of feeding, liver Creatine (A) and GAA (B) levels were determined
by HPLC analysis as detailed in the “MATERIALS AND METHODS” section.
The data shown are mean ± SEM of 5 determinations. Values not sharing a
common subscript letter are statistically different, P < 0.05 vs control. GAA:
Guanidinoacetate.

and increased circulating NEFA levels, while GAA cotreatment had no further effect on these parameters
(Figure 7B and C). All treatments produced a much
higher hepatic NEFA compared with controls, although
maximum elevation was seen in the combined treat
ment group (Figure 7D).
As expected, both the GAA-alone and combined
ethanol and GAA treatment groups exhibited elevated
serum GAA levels in comparison with the controls.
However, the circulating GAA level in the combined
treatment group was significantly lower than the level
observed in the GAA-alone treatment group (Table 1).
Regarding liver toxicity, the serum levels of AST and
ALT in the GAA-treated rats were similar to controls.
Ethanol treatment significantly elevated serum
AST and ALT levels, which were further enhanced
approximately 2-fold in the combined GAA and ethanol
treatment group (Table 1).
The blood ethanol levels were comparable in
the ethanol-alone and combined ethanol and GAA
treatment group despite dramatic differences in many
metabolite levels and indices of liver toxicity between
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are means ± SEM of 5 determinations. Values not sharing a common subscript letter are statistically different, P < 0.05 vs control. GAA: Guanidinoacetate; NEFA:
Non-essential fatty acid.
[15]

[15]

serum AST and ALT levels at the latter time-point .
Overall, all these biochemical and pathological changes
seen after 6 wk of combined exposure were as we had
predicted.
However, some novel observations were made
when the various parameters were analyzed in rats fed
only GAA for 6 wk. Increases in serum homocysteine
level and lowering of the hepatocellular SAM:SAH
ratio noted at 6 wk were similar to our previous
[15]
observations at the end of 2 wk of GAA treatment .
The only biochemical difference identified was a
approximately 8-fold higher GAA accumulation
[15]
at week 6 compared to the earlier time period .
However, despite the increased GAA and persistence
of biochemical abnormalities that are known to
reduce methylation capacity, there was no evidence
of hepatic steatosis after 6 wk of GAA treatment. This
was in contrast to our previous 2-wk study where we
noted the development of hepatic steatosis with GAA
[15]
treatment . We believe that the significant elevation
in the liver creatine level seen after prolonged GAA
administration may be hepato-protective since such
effects of creatine have been reported in both in

than either treatment alone .
To further investigate whether prolonged treatment
with the combined exposure could worsen liver
pathology, we observed that indeed 6 wk of treatment
led to persistent and more pronounced liver toxicity.
Several biochemical changes identified at 2 wk of
combined exposure were also noted at 6 wk of
[15]
treatment . At both 2 and 6 wk of the combined
treatment, we observed hyperhomocysteinemia,
significantly lower hepatocellular SAM:SAH ratio,
panlobular macro- and microvesicular hepatic
steatosis, accumulation of cholesterol, triglyceride and
NEFA in the liver and decreased hepatic proteasome
activity as compared to the rest of the groups. The
combined treatment group exhibited the lowest
SAM:SAH ratio and the highest homocysteine serum
levels that have been causally linked with hepatic
lipid accumulation, reduced proteasome function
[3-5,7,12-14,35,36]
and increased adipose tissue lipolysis
.
The only significant differences between the 2 and
6 wk of combined exposure was an approximately
8-fold increased GAA accumulation, much higher
homocysteinemia and approximately 2-fold increased
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Chymotrypsin-like
proteasome activity
(nmol/mg protein/h)

8

oxidation. These findings are intriguing and mechanistic
studies are underway to explain our findings. However,
similar results that support our data were also obtained
by us in a recent study that revealed an inability of
oral creatine supplementation to prevent alcoholic
[44]
steatosis .
We also examined two enzymes that are involved
in GAA synthesis (AGAT) and utilization (GAMT). We
observed that 6 wk of exposure to ethanol lowered
the GAMT enzyme activity by approximately 20%,
while GAA-alone treatment increased GAMT activity
possibly to accelerate the utilization and removal of
its substrate, GAA. Similar increases in GAMT activity
were also noted in the combined GAA + ethanol
treatment group. With regards to AGAT, in accordance
with reports showing that GAA feeding represses the
[45]
enzyme activity , we observed that 6 wk of GAA
treatment either alone or combined with ethanol
decreased AGAT activity by approximately 75%. It
appears that a longer period of GAA administration
represses GAA activity even more since approximately
50% repression was noted in the GAA-treated
[15]
groups in our previous 2-wk study . Overall,
these two enzymes showed comparable changes as
those reported after 2 wk of the different treatment
[15]
regimens
and therefore, could not account for the
differences in the hepatic steatosis seen in the GAA-fed
rats at 6 wk vs 2 wk of treatment.
Another parameter to discuss is the loss of body
weight in the rats fed ethanol either alone or in
combination with GAA. Such decreases in body weight
may be attributed to the ethanol-induced lipolysis of
the adipose tissue triglyceride store with a concomitant
[46,47]
increase in circulating and hepatic NEFA
. Clinical
studies have also demonstrated that alcoholics have
significantly lower body weight and lower fat mass
[48,49]
than controls
.
Further, a decrease in serum insulin level observed
in ethanol-fed rats was also not surprising given that
[46,50,51]
such a decrease has been reported before
.
Furthermore, a recent preliminary study revealed
that indeed it is the alcohol-induced increase in the
serum ghrelin level and decrease in the pancreatic
Rab3D content that both contribute to impaired insulin
secretion from pancreatic β-cells, thereby causing a
[52]
low serum insulin level in alcoholic rats .
To summarize, increased methylation demand
by GAA treatment superimposed on the ethanolinduced stress on the methionine metabolic pathway
results in steatohepatitis, proteasome inhibition
and more pronounced indices of liver injury. These
biochemical and pathological changes could be
attributed to profoundly reduced hepatic SAM:SAH
ratio, hyperhomocysteinemia, increased accumulation
of GAA in the liver and the inability of creatine to
protect the liver in the setting of ethanol abuse.
Another important point that should be stressed is
that while the prolonged administration of GAA alone
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Figure 8 Effect of dietary ethanol and/or guanidinoacetate on peptidase
specific activities of the proteasome. Rats were fed the Lieber DeCarli
control or ethanol diet with or without 0.36% GAA supplementation. After 6 wk
of feeding, liver cytosols were prepared and assayed for the chymotrypsin(A) and trypsin-like (B) specific activities of the proteasome as detailed in the
“MATERIALS AND METHODS” section. The results are mean ± SEM of 8-10
determinations from each group and activities are expressed as nmol AFC
generated/mg protein/h. Values not sharing a common subscript letter are
statistically different, P < 0.05 vs control. GAA: Guanidinoacetate.

vivo and in vitro injury models unrelated to ethanol
[12,37-43]
exposure
. Mechanistic studies have indeed
revealed that creatine supplementation prevents
hepatic triglyceride accumulation by promoting
hepatocellular β-oxidation via upregulating PPARα and
[38,42,43]
its targets
, inhibiting triglyceride synthesis and
[43]
increasing its efflux . These effects of creatine on
lipid metabolism are considered to be independent
of methylation and phosphatidylcholine synthesis via
phosphatidylethanolamine methyltransferase-catalyzed
[43]
pathway .
We were also surprised to find that hepatic creatine
level was higher in rats administered the combined
treatment compared with the GAA treatment group.
Yet, this accumulated creatine was unable to exert
its known protective effect when alcohol was present
suggesting that creatine cannot prevent the welldocumented ethanol-induced aberrations in several
metabolic pathways of fat metabolism involving
triglyceride efflux and fatty acid synthesis and
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did not produce any evidence of liver injury in the
present study, sustained use of a different methyl
group consumer that does not generate a protective
agent such as creatine could have an entirely different
(adverse) outcome. Thus, ingesting large amounts of
methyl group consuming compounds either alone or in
combination with ethanol is not recommended.

2
3
4
5

COMMENTS
COMMENTS
Background

6

The authors have recently reported that rats exposed to guanidinoacetate
(GAA, a potent methyl-group consumer) for 2 wk results in hepatic steatosis.
They further showed that a combined exposure to GAA and ethanol (a cellular
methylation stressor) for 2 wk caused more hepatosteatosis and inflammatory
changes as compared to either treatment alone. Therefore, they investigated
the hypothesis that exposure to GAA either alone or combined with ethanol
intake for a prolonged period of time would cause more advanced liver
pathology thus identifying methylation defects as the initiator and stimulator for
progressive liver damage.

7

8

Research frontier

9

There are many endogenous and exogenous compounds that consume labile
methyl groups during metabolism. The consumption of such compounds has
increased in the last decade which puts a substantial burden on the cellular
methylation index. The prevalence of binge and heavy alcohol drinking is
growing. Thus, this area of research is extremely important to understand the
effects of prolonged exposure to two different methylation stressors.

10

Innovations and breakthroughs

11

Prolonged treatment with both ethanol and a methyl consumer such as GAA
causes worsening of liver pathology compared to either treatment alone.
These detrimental consequences were related to the profound reduction in the
hepatic methylation index, an increased accumulation of GAA and the inability
of creatine generated to exert its hepato-protective effects in the setting of
ethanol. Thus, ingesting large amounts of methyl group consuming compounds
either alone or in combination with ethanol is not recommended.

12

Applications

13

This model of the combined treatment with a methyl consumer and ethanol
for a prolonged duration could be used for better understanding of the role of
severe impairments in critical methylation reaction to promote progressive liver
injury including fibrosis, cirrhosis and hepatocellular carcinoma.

14

Terminology

Hepatic methylation index is defined as the ratio of the methyl donor,
S-adenosylmethionine to its product S-adenosylhomocysteine. This ratio
controls the biochemical transmethylation reactions.

15

Peer-review

16

An important point is to know whether prolonged administration of both
GAA and ethanol would lead to hepatocellular carcinoma development and
whether the observations are species-specific (rats, mice). Thus, this novel
synergy could replace the current experimental models of ASH lacking the
NASH component as observed after Lieber DeCarli feeding and represent
an alternative to this diet alone. Moreover, if HCC development exists in the
chronic situation this would a very valuable experimental tool for the study of
ASH.
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Abstract
AIM
To evaluate the impact of the Glu167Lys (E167K) trans
membrane 6 superfamily member 2 (TM6SF2) variant
on the biochemical and morphologic expression of
liver lesions in human immunodeficiency virus (HIV)/
hepatitis C virus (HCV) co-infected patients.

Conflict-of-interest statement: All the authors of the
manuscript declare that they have no conflict of interest in
connection with this paper.

METHODS
The study comprised 167 consecutive patients with HIV/
HCV coinfection and biopsy-proven chronic hepatitis. A
pathologist graded liver fibrosis and necroinflammation
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using the Ishak scoring system, and steatosis using
Kleiner’s scoring system. Patients were genotyped for
TM6SF2 E167K (rs58542926) by real-time Polymerase
chain reaction. The 167 patients, 35 therapy-naive and
132 receiving ART, were prevalently males (73.6%),
the median age was 40.7 years and the immunological
+
3
condition good (median CD4 cells/mm = 505.5).

INTRODUCTION

RESULTS
The 17 patients with the TM6SF2 E167K variant, com
pared with the 150 with TM6SF2-E/E, showed higher
AST (P = 0.02) and alanine aminotransferase (P =
0.02) and higher fibrosis score (3.1 ± 2.0 vs 2.3 ± 1.5,
P = 0.05). In a multivariate analysis, TM6SF2 E167K
was independently associated with severe fibrosis. The
same analysis showed that HCV-genotype 3, present
in 42.2% of patients was an independent predictor of
severe steatosis. The association of TM6SF2 E167K
with severe steatosis, absent for the whole group of
167 patients, was re-evaluated separately for HCVgenotype 3 and non-3 patients: No factor was inde
pendently associated with severe steatosis in the
HCV-genotype-3 subgroup, whereas an independent
association was observed between severe steatosis and
TM6SF2 E167K in non-3 HCV genotypes. No association
between the TM6SF2 E167K variant and severe liver
necroinflammation was observed.

The non-synonymous sequence variation (rs58542926
C to T, NP_001001524.2: p. E167K) in the transme
mbrane 6 superfamily member 2 (TM6SF2) gene
encodes for an adenine-to-guanine substitution at
nucleotide 499 that replaces glutamate at residue 167
[1]
with lysine .
The TM6SF2 gene is considered a regulator of
liver fat metabolism since it influences the secretion
of triglyceride-rich lipoproteins and the hepatic
[2]
triglyceride content . In patients with non-alcoholic
fatty liver disease (NAFLD), the TM6SF2 E167K variant
induces a reduction in very-low-density-lipoprotein
secretion and a predisposition to retain triglycerides
[1-3]
in lipid droplets in liver cells , conditions associated
with higher alanine aminotransferase (ALT) serum
levels, lower lipoprotein plasma concentrations and
[1,3-5]
advanced hepatic fibrosis
.
In addition, the TM6SF2 E167K variant has been
identified as an independent predictor of severe
liver steatosis in patients with hepatitis C virus
(HCV)-related chronic hepatitis (CH) lacking human
[6,7]
immunodeficiency virus (HIV) infection , whereas
controversial results have been published on the
[8-10]
impact of this polymorphism on liver fibrosis
.
As no data were available on this topic for HIV/HCV
coinfection, we studied the impact of the TM6SF2
E167K variant on the biochemical and morphologic
expression of liver lesions in 167 HIV/HCV coinfected
patients with CH.

CONCLUSION
In HIV/HCV coinfection the TM6SF2 E167K variant is an
independent predictor of severe fibrosis, but appears to
be independently associated with severe steatosis only
for patients with a non-3 HCV genotype.
Key words: Human immunodeficiency virus/hepatitis
C virus co-infection; TM6SF2; Liver histology; Liver
steatosis; Liver biopsy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: The transmembrane 6 superfamily member
2 (TM6SF2) E167K variant has been identified as
an independent predictor of severe liver steatosis in
patients with hepatitis C virus (HCV)-related chronic
hepatitis (CH) lacking human immunodeficiency virus
(HIV) infection. We analyzed the impact of the TM6SF2
E167K variant on the liver histology of 167 HIV/HCV coinfected patients with CH. The TM6SF2 E167K variant
was found to be an independent predictor of severe
fibrosis, while an independent association with severe
steatosis was demonstrated only for patients with a
non-3 HCV genotype.

Patients

This investigation comprised 167 consecutive antiHIV-positive patients with CH (defined by positive HCV
RNA) first observed from 1996 to 2008 who underwent
a diagnostic liver biopsy at one of the two participating
Units of Infectious Diseases after an observation period
of nearly 18 mo. The two participating Units have been
cooperating for years in clinical investigations and
[11-14]
apply the same clinical and laboratory approach
.
At the time the liver biopsy was performed, all
patients were naive for anti-HCV treatment, were
HBsAg-negative and had no evidence of autoimmune
or genetic disorders inducing liver disease. No patient
declared alcohol abuse (a daily intake of > 40 g/d for
males and > 30 g/d for females for at least 5 years).
No patient had serological or ultrasound evidence of
HCC.
The patients received ART or were left untreated

Sagnelli C, Merli M, Uberti-Foppa C, Hasson H, Grandone
A, Cirillo G, Salpietro S, Minichini C, Starace M, Messina E,
Morelli P, Miraglia Del Giudice E, Lazzarin A, Coppola N,
Sagnelli E. TM6SF2 E167K variant predicts severe liver fibrosis
for human immunodeficiency/hepatitis C virus co-infected
patients, and severe steatosis only for a non-3 hepatitis C virus
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according to the current DHHS guidelines at the time
[15]
of liver biopsy . For each patient, a serum sample
obtained at liver biopsy was stored at -80 ℃ and
thawed for this investigation.
The standards of human experimentation of the
local Ethics Committees and with the Helsinki Decla
ration of 1975, revised in 1983. The present study was
designed as retrospective and was approved by the
Azienza Ospedaliera Universitaria - Second University
of Naples in 2013 (protocol number 112/15 March
2013). Each patient signed their informed consent to
undergo liver biopsy, for the collection and storage of
biological material and for the use in clinical research
of the data obtained.

Dickinson, Mountain View, CA, United States). Liver
function tests, serum triglycerides, cholesterol and
routine analyses were performed applying standard
procedures.

Detection of TM6SF2 and PNPLA3 polymorphisms

A blood sample obtained from each patient was
frozen (-80 ℃) and never thawed until used for this
investigation.
Genomic DNA was extracted from peripheral whole
blood with a DNA extraction kit (Promega, Madison WI,
United States). Patients were genotyped for TM6SF2
E167K (rs58542926) and PNPLA3 I148M (rs738409)
polymorphisms by Taqman allelic discrimination assay
on an ABI 7900HT real-time PCR system, as previously
[6,14,19]
described
.
The genotype distributions of TM6SF2 and PNPLA3
polymorphisms were in the Hardy-Weinberg equilibrium,
P = 0.4 and P = 0.3, respectively.

Liver biopsy

Percutaneous liver biopsy was performed under US
guidance using a modified disposable Menghini needle
(16 gauge - external diameter 1.65 mm). A liver
specimen of more than 1.5 cm in length was always
obtained and at least 11 portal tracts were examined
in each sample. Specimens were fixed in formalin,
embedded in paraffin and stained with hematoxylin[16]
eosin and Masson’s trichrome stain . A skilled
pathologist unaware of the clinical and laboratory
data examined the liver biopsies and used the Ishak
scoring system to grade liver necroinflammation and
[17]
fibrosis . To assess liver steatosis, a home-made
scoring system obtained with a partial modification
[6,18]
of Kleiner’s scoring system for NAFLD was used
:
score 1 identifies the presence of fatty deposition in
1%-10% of hepatocytes, score 2 in 11%-31%, score
[12-14,16,19]
3 in 31%-60% and score 4 in > 60%
.

Statistical analysis

Continuous variables not normally distributed were
summarized as median and interquartile range (IQR),
and categorical variables as absolute and relative
frequencies. Differences in the continuous data were
evaluated by a non-parametric test (Kruskal-Wallis),
2
and the χ test was applied to categorical variables.
A generalized linear model analysis was applied
to perform multivariate analysis. All independent
variables with a significant effect on liver steatosis,
fibrosis or necroinflammation at univariate analysis
or with biological plausibility were included in the
multivariate analysis. A P value < 0.05 was considered
to be statistically significant. Statistical analysis was
performed using StatGraph, version 3.0 (Adalta, Arezzo,
Italy).

Serological determinations

Serum HBsAg was sought using a commercial immun
oenzymatic assay (Abbott Laboratories, North Chicago,
IL, United States). The anti-HCV antibody was sought
rd
using a 3 generation commercial immunoenzymatic
assay (Ortho Diagnostic Systems, Neckargemund,
Germany). Antibodies to HIV 1 and 2 were sought
using a commercial ELISA (Abbott Lab., North Chicago,
IL, United States) and positive results were confirmed
by Western blot (Genelabs Diagnostics, Science Park
Drive, Singapore).
HCV RNA was quantified by performing a real-time
polymerase chain reaction (PCR) in a Light cycler 1.5
(Roche Diagnostics, Branchburg, NJ, United States),
with the detection limit in plasma samples estimated at
around 40 IU/mL. HCV genotyping was performed by
a Line-Probe assay (INNO-LIPA HCV-Ⅱ; Innogenetics,
Zwigndrecht, Belgium). The HIV viral load was
assessed using the Amplicor HIV Monitor 1 test (Roche
Molecular Systems Inc., Branchburg, New Jersey) with
the lowest detection limit of 400 copies/mL.
+
+
Lymphocyte subsets (CD4 , CD8 ) were evaluated
by flow cytofluorimetry using monoclonal antibodies
and a fluorescence-activated cell sorter scan (Becton

WJG|www.wjgnet.com

RESULTS
The 167 patients enrolled were prevalently males
(72.5%), with a median age of 40.7 years (IQR:
37.6-44.1) and a good immunological condition shown
+
3
by the CD4 cell count (median 505.5 cells/mm , IQR:
397.3-665.5) at the time of liver biopsy and by the
+
3
nadir of CD4 count (median 258.0 cells/mm , IQR:
166.5-407.3). At the time of the liver biopsy, 35 (21.0%)
patients were left untreated because they showed
+
3
a high CD4 cell count (median 507.5 cells/mm ,
IQR: 398.0-662.0), whereas 132 (79.0%) had been
receiving ART for a median duration of 8.0 years (IQR:
6.0-11.0). HCV-genotype 3 was detected in 42.2% of
the cases, HCV-genotype 1 in 38.5%, HCV-genotype 4
in 14.3% and HCV-genotype 2 in 5.0%.
Of the 167 patients investigated, 89.8% were
TM6SF2 167E homozygous and 11.2% heterozygous
for the TM6SF2 E167K variant. The PNPLA3 I/I, I/
M and M/M variants at codon 148 were observed
respectively in 52.7%, 40.1% and 7.2% of patients.
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+

The 167 patients showed a mean fibrosis score of 2.3
± 1.46, a mean histological activity index (HAI) score
of 5.9 ± 3.0 and a mean steatosis score of 1.7 ± 1.3.
Thirty-seven (22.2%) patients showed a HAI of 9-18,
58 (34.7%) a fibrosis score 4-6 and 56 (33.5%) a
steatosis score 3-4.
The demographics and initial biochemical, virological
and histological data according to the TM6SF2 variants
are shown in Table 1 (Table 1). Compared with the
150 patients with the TM6SF2 E167E variant, the 17
with the TM6SF2 E167K variant were older (P = 0.04),
showed higher AST (P = 0.02) and ALT (P = 0.02)
serum values and a higher fibrosis score (P = 0.05),
whereas no difference was observed in the degree of
steatosis or liver necroinflammation.
The 31 patients with a liver fibrosis score 4-6,
compared with the 136 with a lower score (0-3), were
older (P = 0.05) and showed higher bilirubin (P = 0.01),
AST (P = 0.0008), ALT (P = 0.01) and ALP (P = 0.01)
+
serum values (Table 2). They had a lower CD4 /mL
cell count (P = 0.01), a higher HAI score (P = 0.0001),
a higher percentage of cases with an HAI score > 9
(P = 0.0001), a higher steatosis score (P = 0.02), a
higher percentage of patients with a steatosis score 3-4
(P = 0.0001) and a greater frequency of cases with
the TM6SF2 E167K variant (P = 0.03) (Table 2). Other
differences shown in Table 2 were not significant to the
statistical analysis or of low or no clinical impact.
To identify factors independently associated with a
severe fibrosis, a multivariate analysis was performed,
including the TM6SF2 variants (p. 167 E/K vs p. 167
E/E), the PNPLA3 variants (p. 148 I/I vs p. 148 I/M
+ M/M), HCV-genotype 3 vs other genotypes, BMI
and other potential confounding factors (sex, nadir of
+
CD4 cell count, HIV viral load, ART, AST, ALT, GGT,
total bilirubin, triglyceride and cholesterol values. The
TM6SF2 E167K variant (P = 0.0272) and the total
cholesterol serum value (P = 0.0203) were the only
factors independently associated with the severity of
liver fibrosis.
Compared with the 111 with a lower score, the 56
patients with severe steatosis (score 3-4) showed a
higher BMI (P = 0.03), higher bilirubin (P = 0.01), AST
(P = 0.0004), ALT (P < 0.0001), GGT (P = 0.04) and
glucose serum values (P = 0.004), and lower cholesterol
serum levels (P < 0.01). In addition, they had a lower
+
CD4 /mL cell count (P = 0.002), a higher mean HAI
score (P = 0.002), a higher percentage of cases with an
HAI score > 9 (P = 0.01), a higher mean fibrosis score
(P = 0.003), a higher percentage of patients with a
fibrosis score 4-6 (P = 0.001) and a higher percentage
of patients with HCV-genotype 3 (P = 0.04) (Table 3).
Other differences shown in Table 3 were not significant
to the statistical analysis or of low or no clinical impact.
To identify factors independently associated with
severe steatosis, a multivariate analysis was performed,
including the TM6SF2 variants (p. 167 E/K vs p. 167
E/E), the PNPLA3 variants (p. 148 I/I vs p. 148 I/M +
M/M), HCV genotype (3 vs other genotypes), BMI and
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other potential confounding factors (sex, nadir of CD4
cell count, HIV viral load, duration of HIV infection, ART,
GGT, AST, ALT, total bilirubin, glucose). The only factors
independently associated with severe steatosis were
HCV-genotype 3 (P = 0.0227), the PNPLA3 p. 148 I/M
plus M/M variants (P = 0.0321) and the glucose serum
values (P = 0.0441).
Due to the high percentage of patients with HCVgenotype 3 and the association of this genotype with
[6,8-10,20]
severe steatosis in this and other investigations
,
the initial characteristics of 161 of the HIV/HCV coi
nfected patients (HCV genotype was not available in
6 cases) were analyzed according to the presence
or absence of HCV-genotype 3. Compared to the 93
patients with a non-3 HCV genotype, the 68 with HCVgenotype 3 showed higher AST (P = 0.004) and ALT
(P = 0.0002) serum values, a higher HAI score (P =
0.03), higher steatosis scores (P = 0.002), a higher
rate of patients with severe steatosis (P = 0.03) and
lower serum levels of GGT (P = 0.004), triglycerides (P
= 0.003) and cholesterol (P = 0.0006) (Table 4). The
association between the TM6SF2 variants and severe
steatosis was investigated separately for patients
with HCV-genotype 3 and for those with a non-3 HCV
genotype in multivariate analyses, including the TM6SF2
variants (p. 167 E/K vs E/E), the PNPLA3 variants (p.
148 I/I vs p. 148 I/M + M/M), BMI, sex, the nadir of
+
CD4 cell count, HIV viral load, triglyceride, cholesterol,
GGT and ART at the time of the liver biopsy. None of
the factors considered was identified as an independent
predictor of severe steatosis in the HCV-genotype-3
subgroup, whereas the TM6SF2 E167K variant (P =
0.0339), the PNPLA3 I/I variant (P = 0.0263), BMI (P
= 0.0348) and GGT (P = 0.0049) were independently
associated with severe steatosis in patients with a
non-3 HCV genotype.
We admit that the present study has some lim
itations considering the relatively small number of
patients, barely sufficient for a genetic association
study. These limitations are offset by the gold-standard
method used to detect liver lesions (liver biopsy
examination by a skilled pathologist) and by the new
information regarding HIV/HCV coinfection.

DISCUSSION
This is the first investigation, to our best knowledge,
to demonstrate that the TM6SF2 E167K variant is
independently associated with severe liver fibrosis in
HIV/HCV coinfected patients with CH.
This association was previously identified in HCV[10,20]
mono-infected patients with CH or cirrhosis
and in
[5,10]
patients with NAFLD
.
In a cross-sectional cohort of 815 Italian therapynaïve HCV-mono-infected patients, the TM6SF2 E167K
variant was independently associated with histological
[10]
cirrhosis , and in a subset of 645 Swiss/German CHC
patients in the same study, it was associated with a
[10]
fibrosis Metavir stage F2-F4 . In a cross-sectional
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Table 1 Initial characteristics of 167 patients with human immunodeficiency virus infection and chronic hepatitis C, according to
the TM6SF variants

Patients, n
Age (yr)
Males
IVDU
BMI (kg/m2)
Glucose (mg/dL)
Bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
GGT (IU/mL)
ALP (IU/mL)
HCV RNA (IU/mL), median
(IQR)
Nadir of CD4+ cells/mm3
HIV RNA (cps/mL)
HIV RNA < 50 cps/mL
CD4+ cell/mmc
ART, treated
PI/r-NRTI-NNRTI
PI/r-NRTI
NRTI-NNRTI
PI-NRTI
NRTI
Therapy missing, n
Therapy-naïve
Duration of ART (yr)
Duration of HIV infection (yr)
HCV Genotype
1
2
3
4
Missing
HAI score
HAI: score 0-8
score 9-18
Fibrosis score
Degree of fibrosis
0
1
2
3
4
5
6
Steatosis score, mean ± SD
Degree of steatosis
0
1
2
3
4
PNPLA3
p. 148 I/I
p. 148 I/M
p. 148 M/M

P value

TM6SF2 p. 167 E/K

TM6SF2 p. 167 E/E

17
42.6 (40.4-47.8)
12 (70.6)
8 (61.5)
24.0 (22.0-25.0)
81.0 (75.0-87.0)
0.9 (0.7-1.2)
108.0 (52.0-134.0)
141.0 (122.0-172)
144.0 (123.0-194.0)
136.0 (118.0-154.0)
65.0 (46.0-95.0)
192.0 (156.3-238.3)
598679.0
(140698.5-997750.0)
214.0 (153.0-380.0)
7638.0 (4112.5-19215.5)
6 (35.3)
435.0 (380.0-650.0)
14 (82.3)
0
6 (46.1)
2 (15.4)
0
5 (38.5)
1
3 (17.6)
7.7 (6.4-12.8)
17.4 (12.5-21.4)

150
40.3 (37.4-44.0)
109 (72.7)
95 (74.8)
23.0 (21.3-25.0)
88.0 (81.0-98.0)
0.7 (0.5-1.0)
59.0 (40.0-94.0)
81.5 (46.0-131.0)
164.0 (135.5-191.0)
125.5 (83.5-182.3)
79.0 (39.0-165.0)
186.5 (139.3-252.0)
601550.0
(202000.0-1432735.0)
266.0 (176.3-413.3)
10870.0 (3100.5-35374.4)
66 (44.0)
508.0 (399.3-670.0)
118 (78.7)
6 (5.3)
40 (35.1)
30 (26.3)
7 (6.1)
31 (27.2)
4
32 (21.3)
8.0 (5.7-10.8)
14.0 (7.7-17.9)

5 (29.4)
1 (5.9)
6 (35.3)
5 (29.4)
0
6.8 ± 2.9
13 (76.5)
4 (23.5)
3.1 ± 2.0

57 (39.6)
7 (4.9)
62 (43.1)
18 (12.5)
6
5.8 ± 3.0
117 (78.0)
33 (22.0)
2.3 ± 1.5

0.3

2 (11.8)
2 (11.8)
2 (11.8)
6 (35.3)
0
2 (11.8)
3 (17.6)
1.9 ± 1.2

11 (7.3)
48 (32.0)
33 (22.0)
32 (21.3)
11 (7.3)
6 (4.0)
9 (6.0)
1.7 ± 1.3

0.1

3 (17.6)
3 (17.6)
4 (23.5)
6 (35.3)
1 (5.8)

45 (30.0)
19 (12.7)
37 (24.7)
40 (26.7)
9 (6.0)

9 (52.9)
6 (35.3)
2 (11.8)

79 (52.7)
61 (40.7)
10 (6.7)

0.04
0.8
0.2
0.3
0.002
0.06
0.02
0.02
0.4
0.6
0.6
0.9
0.7
0.5
0.7
0.2
0.6

0.3
0.05

0.2
0.2
0.05

0.4
0.8

0.7

Data represent as n (%), mean ± SD, or median (IQR). HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; BMI: Body mass index; HAI:
Histological activity index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ glutamyl transferase;
ART: Antiretroviral therapy; NRTIs: Nucleoside/nucleotide analogue reverse transcriptase inhibitors; NNRTIs: Non-nucleoside reverse transcriptase
inhibitors; PIs: Protease inhibitors; TM6SF2: Transmembrane 6 superfamily member 2; PNPLA3: Patatin-like phospholipase domain-containing 3 gene; IQR:
Interquartile range.
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Table 2 Initial characteristics of 167 patients with human immunodeficiency virus infection and chronic hepatitis C, according to
the fibrosis score

Patients, n
Age (yr)
Males
BMI (kg/m2)
Glucose (mg/dL)
Bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
GGT (IU/mL)
ALP (IU/mL)
HCV RNA (IU/mL)
Nadir of CD4+ cells/mm3
HIV RNA (copies/mL)
CD4+ cells/mm3
ART, Treated
PI/r-NRTI-NNRTI
PI/r-NRTI
PI-NRTI
NRTI-NNRTI
NRTI
Therapy missing, n
Therapy-naïve
Duration of ART (yr)
Duration of HIV infection (yr)
HCV Genotype
1
2
3
4
Missing, n
HAI score
HAI
score 0-8
score 9-18
Steatosis score
Degree of steatosis
0
1
2
3
4
TM6SF
p. 167 E/K
p. 167 E/E
PNPLA3,
p. 148 I/I
p. 148 I/M
p. 148 M/M

P value

Fibrosis score 0-3

Fibrosis score 4-6

136
40.3 (37-44)
96 (70.6)
23 (21.2-24.9)
87.0 (80.0-95.0)
0.68 (0.4-1.0)
55.0 (39-91)
79.0 (44-131)
162 (137-194.0)
122.0 (84.0-164)
70.0 (36.0-150)
178.0 (136.0-239)
5.2e5 (1.8e5-1.4e6)
271 (175.5-429.5)
10914.5
(4402.3-31052.0)
510.0 (403-708)
105 (77.2)
6 (5.9)
35 (33.6)
6 (5.9)
25 (24.8)
29 (28.7)
4
31 (22.8)
7.8 (5.4-10.9)
14.4 (7.5-18.1)

31
42.0 (39.5-46.7)
25 (80.6)
22.8 (21.7-26.5)
91.0 (81-102)
0.97 (0.7-1.5)
96.0 (63.0-143.0)
120.0 (67-180)
158 (116.8-177)
147.5 (55-227)
108 (60.0-227.0)
221 (182-269)
7e5 (2.3e5-1.7e6)
238.0 (145.0-347.5)
4500.0
(784.0-36959.0)
454.0 (338-586)
27 (87.1)
0
11 (42.3)
1 (3.8)
7 (26.9)
7 (26.9)
1
4 (12.9)
9.6 (6.3-12)
13.9 (8.4-17.4)

51 (38.9)
7 (5.3)
54 (41.2)
19 (14.5)
5
5.0 ± 2.7

11 (3.7)
1 (0.4)
14 (46.7)
4 (13.4)
1
8.6 ± 2.3

115 (84.6)
21 (15.4)
1.4 ± 1.2

15 (48.4)
16 (51.6)
1.9 ± 1.3

< 0.0001

4 (12.9)
4 (12.9)
7 (22.6)
14 (45.2)
2 (6.5)

0.0001

44 (32.4)
18 (13.2)
34 (25.0)
32 (23.55)
8 (5.9)

< 0.05
0.1
0.5
0.6
< 0.01
0.0008
< 0.01
0.3
0.1
0.2
< 0.01
0.4
0.1
0.1
< 0.01
0.4

0.2
0.6
0.4

< 0.0001

< 0.02

12 (8.8)
124 (91.2)

5 (16.1)
26 (83.9)

< 0.03

75 (55.1)
49 (36.1)
12 (8.8)

13 (41.9)
18 (58.6)
0

0.2

Data represent as n (%), mean ± SD, or median (IQR). e: Elevated; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; BMI: Body mass
index; HAI: Histological activity index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ glutamyl
transferase; ART: Antiretroviral therapy; NRTIs: Nucleoside/nucleotide analogue reverse transcriptase inhibitors; NNRTIs: Non-nucleoside reverse
transcriptase inhibitors; PIs: Protease inhibitors; TM6SF2: Transmembrane 6 superfamily member 2; PNPLA3: Patatin-like phospholipase domaincontaining 3 gene; IQR: Interquartile range.

analysis of 2023 HCV-mono-infected patients with
a chronic liver disease recently performed by Eslam
[8]
et al , TM6SF2-E rs58542926 was only marginally
associated with the severity of liver fibrosis in a
univariate analysis, but not in a multivariate regression
analysis. In the same study, the Authors evaluated
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the association between the rs58542926 variants and
fibrosis progression in 1174 of the 2023 patients with
a chronic liver disease: Despite a marginal association
in the univariate analysis, after adjustment for other
variables, the T allele was not independently associated
with fibrosis. Instead, no association with the severity
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Table 3 Initial characteristics of 167 patients with human immunodeficiency virus infection and chronic hepatitis C, according to
the steatosis score

Patients, n
Age (yr)
Males
BMI (kg/m2)
Glucose (mg/dL)
Bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
GGT (IU/mL)
ALP (IU/mL)
HCV RNA (IU/mL)
Nadir of CD4+ cells/mm3
HIV RNA copies/mL
HIV RNA < 50 copies/mL
CD4+ cell/ mm3
ART, Treated
PI/r-NRTI-NNRTI
PI/r-NRTI
PI-NRTI
NRTI-NNRTI
NRTI
Therapy missing, n
Therapy-naïve
Duration of HAART (yr)
Duration of HIV infection (yr)
HCV-genotype
1
2
3
4
Missing, n
HAI score
Degree of HAI
score 0-8
score 9-18
Fibrosis score
Degree of fibrosis
0
1
2
3
4
5
6
TM6SF
p. 167 E/K
p. 167 E/E
PNPLA3
p. 148 I/I
p. 148 I/M
p. 148 M/M

P value

Steatosis score 0-2

Steatosis score 3-4

111
40.3 (37.4-44.2)
79 (71.2)
22.8 (21.3-24.5)
85.5 (79.3-94.0)
0.6 (0.4-1.0)
54.0 (38.3-79.0)
67.0 (43.0-114.5)
168.0 (141.0-196.5)
130.5 (84.0-188.5)
70.0 (34.5-142.5)
185.0 (138-240.3)
5.2e5 (1.5e5-1.4e6)
272.0 (166.5-425.8)
7484.0 (2925.3-18994.0)
61 (54.9)
527.0 (425.3-720.5)
88 (79.3)
5 (5.9)
33 (38.8)
3 (3.5)
21 (24.7)
23 (27.1)
3
23 (41.1)
8.2 (6.2-11.5)
14.1 (7.8-17.8)

56
41.8 (38.4-44.0)
42 (75)
23.9 (21.9-25.6)
92.5 (82.0-102.0)
0.8 (0.6-1.1)
92.0 (55.8-142.3)
129.0 (78.8-201.5)
147.0 (120.0-174.0)
123.0 (87.0-156.0)
97.0 (46.5-229.5)
196.0 (147.5-265.0)
7.4e5 (2.4e5-1.4e6)
257.5 (172.8-360.5)
18918.0 (3991.0-37219.0)
25 (44.6)
463.0 (373.0-542.8)
44 (78.6)
1 (2.4)
13 (30.2)
4 (9.5)
11 (26.2)
13 (30.9)
2
12 (21.4)
7.6 (4.5-10.8)
14.2 (8.1-18.1)

44 (41.1)
5 (4.7)
38 (35.5)
20 (18.7)
4
5.4 ± 2.9

18 (33.3)
3 (5.6)
30 (55.6)
3 (5.6)
2
6.9 ± 3.0

0.04

98 (88.3)
19 (17.1)
2.1 ± 1.6

38 (67.8)
18 (32.1)
2.9 ± 1.6

0.01

12 (10.8)
40 (36.0)
21 (18.9)
23 (20.7)
5 (4.5)
3 (2.7)
7 (6.3)

1 (1.8)
10 (17.9)
14 (25)
15 (26.3)
6 (10.7)
5 (8.9)
5 (8.9)

0.001

10 (0.9)
101 (90.9)

7 (12.5)
49 (87.5)

0.48

66 (59.4)
38 (38.3)
7 (6.3)

22 (39.3)
29 (51.8)
5 (8.9)

0.06

0.3
0.6
0.03
0.004
0.01
0.0004
0.00006
0.01
0.5
0.04
0.5
0.7
0.2
0.1
0.002
0.91

0.3
0.8

0.002

0.003

Data represent as n (%), mean ± SD, or median (IQR). e: Elevated; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; BMI: Body mass
index; HAI: Histological activity index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ glutamyl
transferase; ART: Antiretroviral therapy; NRTIs: Nucleoside/nucleotide analogue reverse transcriptase inhibitors; NNRTIs: Non-nucleoside reverse
transcriptase inhibitors; PIs: Protease inhibitors; TM6SF2: Transmembrane 6 superfamily member 2; PNPLA3: Patatin-like phospholipase domaincontaining 3 gene; IQR: Interquartile range.

of fibrosis was observed for 694 Caucasian patients
[9]
with CHC due to HCV-genotype 1 .
Some studies on the association between the
TM6SF2 rs58542926 variants and the severity of
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liver fibrosis in patients with NAFLD have provided
interesting information. Using two histologically
characterized cohorts including steatosis and steato[5]
hepatitis, and fibrosis and cirrhosis, Liu et al
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Table 4 Initial characteristics of 161 patients with human immunodeficiency virus infection and chronic hepatitis C, according to
the hepatitis C virus genotype

Patients, n
Age (yr)
Males
IVDU
BMI (kg/m2)
Glucose (mg/dL)
Bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
GGT (IU/mL)
ALP (IU/mL)
HCV RNA (IU/mL)
Nadir of CD4+ cells/mm3
HIV RNA copies/mL
HIV RNA < 50 copies/mL
CD4+ cell/mm3
ART, Treated
PI/r-NRTI-NNRTI
PI/r-NRTI
PI-NRTI
NRTI-NNRTI
NRTI
Therapy missing, n
Therapy-naïve
Duration of ART (yr)
Duration of HIV infection (yr)
HAI score
HAI
score 0-8
score 9-18
Fibrosis score
Degree of fibrosis
0
1
2
3
4
5
6
Steatosis score
Degree of steatosis
0
1
2
3
4
TM6SF
p. 167 E/K
p. 167 E/E
PNPLA3
p. 148 I/I
p. 148 I/M
p. 148 M/M

P value

HCV genotype 3

non- 3 HCV genotype

68
40.6 (36.7-44.0)
43 (63.2)
44 (64.7)
22.7 (21.2-25.2)
87.0 (79.0-94.0)
0.7 (0.6-1.0)
77.5 (53.3-124.0)
120.5 (62.5-187.5)
143.5 (115.3-173.0)
99.0 (69.5-158.0)
61.0 (32.8-106.0)
196.0 (143.0-260.5)
477624.0
(124539.0-1050000.0)
247.7 (155.3-380.0)
5607.5
(1972.3-18918.0)
30 (44.0)
506.5 (397.8-638.0)
50 (73.5)
1 (2.0)
22 (44.9)
3 (6.1)
13 (26.5)
10 (20.4)
1
18 (26.47)
9.0 (4.3-12.6)
14.0 (7.7-18.5)
6.5 ± 3.1

93
40.8 (37.8-44.1)
69 (74.2)
57 (61.3)
23.1 (21.7-24.9)
89.0 (82.0-98.0)
0.7 (0.5-1.0)
55.0 (38.0-85.0)
66.0 (40.0-117.0)
171.0 (147.5-197.0)
139.0 (103.5-216.8)
96.0 (49.5-226.5)
192.0 (150.0-246.0)
730500.0
(233250.0-1941008.0)
252.0 (175.0-404.0)
12130.0
(1806.8-37226.5)
42 (45.2)
494.0 (398.0-697.5)
79 (84.9)
5 (6.6)
24 (31.6)
4 (5.3)
18 (23.7)
25 (32.9)
3
14 (15.0)
7.7 (6.1-10.4)
14.1 (8.1-17.1)
5.5 ± 2.9

48 (70.6)
20 (14.7)
2.5 ± 1.6

76 (81.7)
17 (18.3)
2.2 ± 1.6

0.09

4 (5.9)
16 (23.5)
16 (23.5)
18 (26.5)
4 (5.9)
5 (7.3)
4 (5.9)
2.0 ± 1.3

9 (9.7)
32 (34.4)
17 (18.3)
19 (20.4)
5 (5.3)
4 (4.3)
7 (7.5)
1.4 ± 1.2

0.7

14 (20.6)
7 (10.3)
16 (23.5)
23 (33.8)
7 (10.1)

31 (33.3)
14 (15.0)
20 (21.5)
22 (23.7)
2 (2.1)

0.03

6 (8.8)
62 (91.2)

11 (11.8)
82 (88.2)

0.5

38 (55.9)
24 (35.3)
6 (8.8)

48 (51.6)
40 (43.0)
5 (5.4)

0.5

0.3
0.07
0.8
0.5
0.1
0.5
0.004
0.0002
0.0006
0.003
0.004
0.9
0.07
0.6
0.7

0.7
0.4

0.4
0.8
0.03

0.2

0.002

HCV genotype missing in 6 cases. Data represent as n (%), mean ± SD, or median (IQR). e: Elevated; HCV: Hepatitis C virus; HIV: Human
immunodeficiency virus; BMI: Body mass index; HAI: Histological activity index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP:
Alkaline phosphatase; GGT: γ glutamyl transferase; ART: Antiretroviral therapy; NRTIs: Nucleoside/nucleotide analogue reverse transcriptase inhibitors;
NNRTIs: Non-nucleoside reverse transcriptase inhibitors; PIs: Protease inhibitors; TM6SF2: Transmembrane 6 superfamily member 2; PNPLA3: Patatin-like
phospholipase domain-containing 3 gene; IQR: Interquartile range.
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demonstrated that the TM6SF2 E167K rs58542926
variant enhances hepatic fibrosis progression in
[8]
patients with NAFLD. Eslam et al investigated 502
Caucasian patients with NAFLD and demonstrated
that the TM6SF2 E167K rs58542926 variant is inde
pendently associated with the risk of a > F2 Metavir
score.
Concluding on this point, an independent asso
ciation between the TM6SF2 E167K variant and severe
liver fibrosis has been demonstrated in HIV/HCV coinfected patients with CH and in NALFD patients,
whereas contrasting results have been observed for
HCV-monoinfected CH patients.
In the present study, the TM6SF2 E167K variant
has been identified as an independent predictor
of severe steatosis in HIV/HCV coinfected patients
with HCV-genotype other than 3, an association not
detected in those with HCV-genotype 3 most probably
because this genotype favors lipid droplet deposition
and storage in hepatocytes, possibly obscuring other
associations.
In accordance with this, in HCV-mono-infected CH
[10]
patients, Milano et al observed a marginal association
between the E167K variant and severe steatosis, but
more interestingly, an independent association was
found for patients with a non-3 HCV genotype and no
[10]
association for those with HCV-genotype 3 . These
[8]
data were confirmed by Eslam et al , who observed
a marginal but independent association between
the TM6SF2 rs58542926 T allele and the severity of
steatosis, but stratifying this cohort by HCV-genotype
(3 vs non-3), they demonstrated that the association
persisted only for the subgroup of patients with a
non-3 HCV genotype. They concluded that the TM6SF2
E167K substitution may promote lipid abnormalities
and steatosis by altering TM6SF2 and the microsomal
[8]
[9]
triglyceride transfer protein expression . Petta et al ,
however, found no association between the TM6SF2
gene and the severity of steatosis in HCV-genotype-1
mono-infected CH patients.
The TM6SF2 E167K variant was not identified as
an independent predictor of severe necroinflamma
tion in the HIV/HCV co-infected CH patients enrolled
in the present study. In accordance with this, in
HCV-mono-infected CH patients the association
between the TM6SF2 E167K variant and severe liver
necroinflammation was marginal in the study by
[10]
[8]
Milano et al and absent in the study by Eslam et al .
In conclusion, the data from the present study show
that in HIV/HCV coinfected CH patients the TM6SF2
E167K variant plays an important role in steatosis
severity, as demonstrated in patients infected with a
non-3 HCV genotype and not found in those harboring
HCV-genotype 3, most probably due to the strong
action of this viral genotype on fat deposition in liver
cells. This phenomenon seems to be independent of
HIV infection, since it has been observed both in antiHIV-positive (the present study) and anti-HIV-negative
[10,20]
patients
.
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The data from the present study also demonstrate
that the TM6SF2 E167K variant is an independent
predictor of severe fibrosis in HIV/HCV coinfected CH
patients, an association identified in anti-HIV-negative
[10,20]
subjects by some Authors
and not found by
[9]
others .
The role of the TM6SF2 E167K variant as a predictor
of severe necroinflammation remains uncertain, since
it was not observed in the HIV/HCV CH patients in the
present study and not or only marginally observed in
[9,10,20]
HCV-monoinfected CH patients
.

COMMENTS
COMMENTS
Background

The transmembrane 6 superfamily member 2 (TM6SF2) gene is a regulator
of liver fat metabolism since it influences the secretion of triglyceride-rich
lipoproteins and the hepatic triglyceride content. In addition, it has been
demonstrated that in patients with non-alcoholic fatty liver disease (NAFLD),
the TM6SF2 E167K variant induces a reduction in very-low-density-lipoprotein
secretion and a predisposition to retain triglycerides in lipid droplets in liver
cells, conditions associated with increased alanine aminotransferase serum
levels, lower lipoprotein plasma concentrations and advanced hepatic fibrosis.
Previous studies identified the TM6SF2 E167K variant as an independent
predictor of severe liver steatosis in patients with hepatitis C virus (HCV)-related
chronic hepatitis (CH) lacking human immunodeficiency virus (HIV) infection,
whereas controversial results have been published on the impact of this
polymorphism on liver fibrosis.

Research frontiers

As no data were available on this topic for HIV/HCV coinfection, the authors
studied the impact of the TM6SF2 E167K variant on the biochemical and
morphologic expression of liver lesions of 167 HIV/HCV coinfected patients with
CH.

Innovations and breakthroughs

This is the first study investigating the association of TM6SF2 E167K variant
with the entity of liver lesions in patients with HIV/HCV coinfection and biopsyproven CH. Considering the whole group of patients, the TM6SF2 E167K
variant was not associated with severe steatosis. However, nearly 40% of
patients in this study had HCV-genotype 3, which resulted to be independently
associated with severe steatosis. An independent association was found
between severe steatosis and TM6SF2 E167K in the non-3 HCV-genotype
subgroup, whereas no association was found in the HCV-genotype-3 subgroup,
most probably because this viral genotype favors fat deposition in liver cells.
This phenomenon seems to be independent of HIV infection, since it was
observed both in anti-HIV-positive patients in the present study and in antiHIV-negative patients in other investigations. The data from the present study
also demonstrate that the TM6SF2 E167K variant is an independent predictor
of severe fibrosis in HIV/HCV coinfected CH patients, an association identified
in anti-HIV-negative subjects by some Author but denied by others. No
association was found between the TM6SF2 E167K variant and severe liver
necroinflammation.

Applications

As the TM6SF2 E167K variant is an independent predictor of severe liver
steatosis and severe liver fibrosis in HIV/HCV coinfected CH patients, its
detection has a marked diagnostic and clinical value. The authors believe that
their article will be a stimulus for other clinicians to start testing patients with CH
C and in particular those with HIV infection for the TM6SF2 E167 variants.

Peer-review

This is a well-conducted research paper that illustrates the potential specialty
for using HIV/HCV patients in NAFLD study. The authors results showed that
167 consecutive patients with HIV/HCV coinfection and biopsy-proven CH
and showed A pathologist graded liver fibrosis and necroinflammation. The
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authors reported that the TM6SF2 E167K variant on the liver histology of
HIV/HCV co-infected patients with CH and independent predictor of severe
fibrosis with severe steatosis was demonstrated only for patients with a non-3
HCV genotype. There are no major criticisms of the work and I would support
acceptance of the manuscript. The paper is able to publish to World Journal of
Gastroenterology.
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AIM
To investigate the role of embryonic liver fordin (ELF)
in liver fibrosis by regulating hepatic stellate cells (HSCs)
glucose glycolysis.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of the Institute
of Laboratory Animal Sciences, Huazhong University of Science
and Technology, Wuhan, China

METHODS
The expression of ELF and the glucose glycolysisrelated proteins were evaluated in activated HSCs.
siRNA was used to silence ELF expression in activated
HSCs in vitro and the subsequent changes in PI3K/Akt
signaling and glucose glycolysis-related proteins were
observed.
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licenses/by-nc/4.0/
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RESULTS
The expression of ELF increased remarkably in HSCs of
the fibrosis mouse model and HSCs that were cultured
for 3 wk in vitro . Glucose glycolysis-related proteins
showed an obvious increase in the activated HSCs,
such as phosphofructokinase, platelet and glucose
transporter 1. ELF-siRNA, which perfectly silenced
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The TGF-β signaling plays a very important role
in various cellular physiological processes through
[4]
the regulation of downstream proteins . Frequent
inactivation of the TGF-β pathway components in
liver fibrosis demonstrates a powerful promoting role
of the TGF-β pathway. The multifunctional effects of
TGF-β in cellular actions occur through the binding
of its receptors, TGF-β receptor II and receptor I;
the activation of intrinsic kinase activity; and the
phosphorylation and translocation of mediators,
[5]
Smads, followed by TGF-β target gene activation .
ELF, also known as β2-spectrin, is important for
maintaining function of cellular membranes and
polarization of epithelial cells. Meanwhile, ELF also
plays an important role in TGF-β pathway.
Smad 3 and Smad 4 are the main proteins of
Smad family which is crucial for the activation of TGF-β
pathway. The interaction of ELF and Smad proteins
was able to facilitate the transport of Smad 3-Smad4
complex into nucleus, which lead to the subsequent
[6-8]
activation of TGF-β pathway .
Our previous study demonstrated that ELF is
involved in the activation of HSCs. First, Western blot
and RT-qPCR evaluation indicated that ELF expression
was increased remarkably in fibrotic mouse model.
Moreover, the silence of ELF in activated HSCs
significantly reduced the ECM components such as
collagen and α-SMA. Clarification of the mechanism
[9]
is needed . In addition, our study showed that the
PI3K/Akt signaling is regulated by ELF in the process
[10]
of hepatocyte proliferation . The PI3K/Akt signaling
is essential in the regulation of glucose metabolism in
[11,12]
many types of cells
. Researchers have identified a
novel mechanism for reprogramming quiescent HSCs
into activated HSCs that depends on the induction of
glycolysis, similar to the Warburg state that has been
[13]
described in cancer cells . We hypothesized that ELF
is involved in glucose metabolism of HSCs through
PI3K/Akt signaling.

the expression of ELF in activated HSCs, led to the
induction of glucose glycolysis-related proteins and
extracellular matrix (ECM) components. Moreover, pAkt,
which is an important downstream factor in PI3K/Akt
signaling, showed a significant change in response to
the ELF silencing. The expression of glucose glycolysisrelated proteins and ECM components decreased
remarkably when the PI3K/Akt signaling was blocked
by Ly294002 in the activated HSCs.
CONCLUSION
ELF is involved in HSC glucose glycolysis by regulating
PI3K/Akt signaling.
Key words: Liver fibrosis; Embryonic liver fordin; PI3K/
Akt signaling; Hepatic stellate cells; Glucose glycolysis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The metabolism of activated hepatic stellate
cells (HSCs) was reprogrammed. Silence of embryonic
liver fordin (ELF) led to the inhibition of PI3K/Akt
signaling and decrease of glycolysis in activated HSCs.
Glucose glycolysis of activated HSCs was regulated
by ELF through PI3K/Akt signaling The present study
indicated that metabolism of HSCs may be a novel
target for the diagnosis and treatment of liver cirrhosis
in clinical practice.
Tu W, Ye J, Wang ZJ. Embryonic liver fordin is involved in
glucose glycolysis of hepatic stellate cell by regulating PI3K/
Akt signaling. World J Gastroenterol 2016; 22(38): 8519-8527
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i38/8519.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i38.8519

INTRODUCTION
Liver fibrosis occurs in most chronic liver diseases and
is characterized by the accumulation of extracellular
[1]
matrix following sustained inflammation . The main
causes of liver fibrosis include chronic HBV and HCV
infection, parasitic infections, alcohol abuse, and
NASH. Liver fibrosis can lead to the dysfunction
of hepatocytes and obstruction of the intrahepatic
blood flow, which resulting in the subsequent hepatic
[2]
insufficiency and hypertension of the portal vein .
HSCs, which are the main source of ECM in injured
livers, play a crucial role in the progress of liver fibrosis.
In normal livers, HSCs are located in the Disse space,
between the sinusoidal endothelium and hepatocytes.
HSCs become activated and acquire contractile,
proinflammatory, and fibrogenic properties when
subjected to diverse chronic injuries. Researchers
have identified many factors that promote the
transdifferentiation of quiescent HSCs into activated
[3]
HSCs .

WJG|www.wjgnet.com

MATERIALS AND METHODS
Ethics statement

All the processes were approved by the Animal Care
and Use Committee of Huazhong University of Science
and Technology, Wuhan, China.

Mouse model of liver fibrosis

Eight-week-old male mice(C57/Black/6) that purchased
from Animal Center of HUST (Wuhan, China) were
challenged by classic subcutaneous injection with
carbon tetrachloride (CCl4) diluted at a 3:7 (v/v) ratio
in 5 mL/kg olive oil twice weekly for 12 wk as described
previously.

HSC isolation

Primary hepatic stellate cells used in this study were
isolated from C57/Black/6 mice (including control and
fibrosis model) by in situ perfusion and centrifugation.
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Figure 1 Embryonic liver fordin expression is upregulated in fibrotic livers and hepatic stellate cells. A: The Embryonic liver fordin (ELF) expression in cirrhotic
livers was determined by the immunohistochemical analysis. Magnification × 200; B: Real-time RT-PCR and Western blot analysis were used to evaluate the ELF
expression in the liver homogenates from the control and CCl4-treated mice. aP < 0.05, the CCl4-treated mice vs the control mice. GAPDH was used as the control; C:
Real-time RT-PCR and Western blot analysis were used to evaluate the ELF expression in the primary hepatic stellate cells (HSCs) isolated from the control and CCl
-treated mice. bP < 0.01, the CCl4-treated mice vs the control mice; D: The α-SMA and collagen I expression at the protein level were upregulated in the whole liver
homogenates from the CCl4-treated mice compared with the controls.
[9]

The details were described in our previous study .

through a 10-kilodalton molecular weight spin filter
for deproteinization. Levels of lactate were measured
using a lactate assay kit or pyruvate assay kit from
BioVision according to the manufacturer’s instructions,
and normalized to the control group.

Preparation and transfection of siRNAs

siRNA used to silence ELF expression was synthesized
by Applied Biosystems. The concentration of siRNAs
(and scrambled siRNAs) was 50 pmol/L. Lipo2000
(Invitrogen) was used to transduce the siRNA into mice
hepatic stellate cells on six wells when the confluence
was about 30%-50%. RNA extraction was performed
72 h later. According to previous identification, ELF
siRNA s74307 was chosen because of its best efficacy.

Statistical analysis

The results were presented as the mean ± SD. The
differences between groups were tested by Student
two-tailed t test, and P < 0.05 was considered
statistically significant.

Western blot

RESULTS

The total protein was extracted from cell and tissue
using RIPA buffer with protease inhibitors. Concen
trations of proteins were evaluated by BCA Assay
Kit. Total proteins (50 μg) were separated on 10%
SDS-PAGE. The immunoblotting was performed. The
immune complex was visualized by ECL detection

ELF expression is upregulated in fibrotic liver and HSCs

To evaluate whether ELF is involved in liver fibrosis,
we generated a fibrotic mouse model. The immuno
histochemical (IHC) examination found that ELF
expression was increased in the fibrotic livers compared
with controls (Figure 1A). Moreover, the ELF expression
was observed near the bridging fibrotic areas. In
addition, ELF mRNA (with RT-qPCR, approximately 2.5
times) and protein expression by Western blot analysis
was increased in the CCl4-treated animals (Figure 1B).
HSCs are predominantly located in the areas of bridging
fibrosis, and we isolated HSCs from the fibrotic and
normal livers. The RT-qPCR and Western blot test of the
ELF expression found that there was a more significant
increase in the HSCs isolated from the fibrotic livers
than from the normal livers (Figure 1C). This finding
indicated that the upregulated expression of ELF in

Immunohistochemistry

Liver specimens for histology and immunohisto
chemistry were fixed in 10% buffered formalin for
48 h, and then sliced into sections. Staining was
performed using ABC kit. Sections were incubated at
4 ℃ with antibody for 12 h. DAB was used to visualize
immunocomplexes.

Measurement of lactate

Whole cell lysates of liver sample and HSCs were
prepared with pyruvate assay buffer and then filtered

WJG|www.wjgnet.com
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Figure 2 Glycolysis related-genes are upregulated in liver fibrosis. A, C: The real-time RT-PCR analysis evaluated the expression of the hepatic glycolytic
enzymes, PFKP and PFKM2 in fibrotic and control mice. The PFKP and PFKM2 expression of the mRNA level was increased compared with that of the control (aP < 0.05
vs control). GAPDH was used as the control; B, D: Western blot analysis indicated that the PFKP and PFKM2 expression of the protein level was upregulated in the
fibrotic livers; E: The real-time RT-PCR analysis evaluated the hepatic glucose transporter, Glut 1, expression in the fibrotic livers and the control mice. The expression
of Glut 1 mRNA was increased compared with that of the controls (aP < 0.05 vs control); F: Western blot analysis indicated that the expression of the Glut 1 at protein
level was upregulated in the fibrotic livers; G: Real-time RT-PCR analysis evaluated the MCT4 hepatic lactate transporter expression in the fibrotic livers and the
control mice. The expression of the Glut 1 mRNA was increased compared with that of the controls (aP < 0.05 vs control); H: Western blot analysis indicated that the
expression of MCT4 at protein level was upregulated in the fibrotic liver; I: The intracellular lactate was evaluated by a lactate assay kit (aP < 0.05 vs control).

HSCs might play an important role in liver fibrosis.

levels. Glucose transporter 1 (Glut 1) is a uniporter
protein that in humans is encoded by the SLC2A1
gene. Glut 1 is the first glucose transporter which
facilitates the transport of glucose from blood into
[17,18]
membrane in various kinds of cells
. We found that
Glut1 expression also showed a remarkable increase in
fibrotic liver than control mice (Figure 2E and F).
Monocarboxylate transporter 4 (MCT4), the lactate
export pump, plays an crucial role in the accumu
[19]
lation of intracellular lactate in various cells . The
upregulation of MCT4 in fibrotic livers indicates that
lactate accumulation was increased in fibrotic livers
compared with the controls (Figure 2G and H). These
findings indicated that glycolysis related genes were
overexpressed in fibrotic livers. However, the expression
of these genes in HSCs remains unknown.
The intracellular lactate was evaluated by a lactate
assay kit. As shown in Figure 2I, intracellular lactate
level increased significantly in fibrotic liver.

Glycolysis-related genes are upregulated in fibrotic
livers

Previous study had demonstrated that glucose me
[13]
tabolism was reprogrammed in fibrotic livers .
To confirm whether glycolysis-related genes were
changed in fibrotic livers, we selected some key
proteins which are involved in glucose glycolysis, such
as phosphofructokinase (PFKP), Glut1, PKM2, and
MCT4.
PFKP, a gene which encodes the platelet isoform of
phosphofructokinase (PFK), plays an important role in
[14,15]
glucose glycolysis of various cell types
. As shown in
Figure 2A and 2B, the PFKP expression was increased
at both the mRNA and protein levels. Pyruvate kinase
isozymes M1/M2 (PKM1/M2) is an enzyme encoded
by the PKM2 gene. The function of PKM2 is to catalyze
the last step within glycolysis, and leads to the
[16]
dephosphorylation of phosphoenolpyruvate . Realtime quantitative PCR and Western blot (Figure 2C and
D) demonstrated that PKM expression was increased
significantly in fibrotic liver at both mRNA and protein

WJG|www.wjgnet.com

Glycolysis related genes are upregulated significantly in
HSCs isolated from fibrotic livers

The liver is composed of many cell types, and further
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Figure 3 Glycolysis related-genes are upregulated significantly in the HSCs isolated from the fibrotic livers. A, C: The real-time RT-PCR analysis was used
to evaluate the expression of the PFKP and PFKM2 hepatic glycolytic enzymes in the fibrotic livers and control mice. The PFKP, pAKT, and PFKM2 expressions
of the mRNA level were increased compared with those of the controls (bP < 0.01 vs control). GAPDH was used as the control; B, D: The Western blot analysis
indicated that the PFKP and PFKM2 expression at the protein level was upregulated in the fibrotic livers; E: The real-time RT-PCR analysis evaluated the hepatic
glucose transporter Glut 1 expression in the fibrotic livers and control mice. The expression of Glut 1 mRNA was increased compare with that of the controls (bP <
0.01 vs control); F: The Western blot analysis indicated that the Glut 1 expression at the protein level was upregulated in the fibrotic livers; G: The real-time RT-PCR
analysis evaluated the hepatic lactate transporter MCT4 expression in the fibrotic livers and the control mice. The Glut 1 expression at the mRNA level was increased
compared with that of the controls (bP < 0.01 vs control); H: The western blot analysis indicated that the MCT4 expression at the protein level was upregulated in the
fibrotic livers; I: The intracellular lactate was evaluated by a lactate assay kit (bP < 0.01 vs control).

in the ELF expression. A significant reduction in SMA
and collagen 1 expression was observed in the ELFsiRNA treated HSCs (Figure 4H and I). In addition,
PFKP, GLUT 1, PKM2, and MCT4 showed a significant
decrease in response to the ELF-siRNA (Figure 4C-F).
The intracellular lactate also decreased significantly in
response to the silence of ELF (Figure 4G). This finding
indicates that the silence of ELF leads to the inhibition
of glucose glycolysis-related genes. These results
indicated that silence of ELF could block HSC activation,
reduce ECM production, and inhibit glycolysis.

studies should be performed if a certain protein is
overexpressed in the liver. Therefore, we first isolated
the HSCs from a fibrotic liver by in situ perfusion.
Then, the total protein and mRNA were extracted.
As demonstrated in Figure 3, the expression of PFKP,
GLUT 1, PKM2, and MCT4 increased remarkably
(P < 0.01) shown by real time-quantitative PCR
(Figure 3A, C, E and G) and Western blot (Figure 3B,
D, F and H). Moreover, lactate (Figure 3I) showed
a significant increase compared with the controls
(P < 0.01). This finding indicates that the glucose
metabolism of activated HSCs was reprogrammed.
The reprogrammed metabolism might supply energy
to HSCs for their proliferation, ECM production, and
migration.

ELF-PI3K/Akt-glycolysis axis in HSC

Although previous data indicated that ELF might play
an important role in HSC activation and glycolysis
in the pathogenesis of liver fibrosis, the mechanism
needs to be clarified. Since PI3K/Akt signaling is
important in glucose glycolysis of many cell types, and
based on our previous study of the interaction between
ELF and PI3K/Akt pathway, we hypothesized that the
cross talk of ELF and PI3K/Akt signaling was involved
in the activation of HSCs.

Silence of ELF in activated HSCs leads to the inhibition
of glycolysis

The efficiency of the knockdown of ELF in activated
HSCs by siRNA was tested by Western blot (Figure
4A) and real-time quantitative PCR (Figure 4B). The
ELF-siRNA treatment led to a remarkable decrease

WJG|www.wjgnet.com
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Figure 4 Silencing of Embryonic liver fordin in the activated hepatic stellate cells led to the inhibition of glycolysis. A: The ELF mRNA was reduced in the
activated hepatic stellate cells (HSCs) transfected synthetic siRNA against ELF was assessed by real-time RT-PCR. P < 0.01 for the ELF siRNA versus the siRNA
controls. GAPDH was used as the control; B: Western blot analysis confirmed that synthetic siRNA inhibited the ELF expression in the activated HSCs; C, D: The
hepatic glycolytic enzymes, PFKP and PFKM2, expression of the mRNA and protein level decreased significantly after the ELF siRNA treatment ( aP < 0.05 vs control). E,
F: The hepatic glycolytic enzymes, Glut 1 and MCT 4, expression of the mRNA at the protein level decreased significantly after the ELF siRNA treatment (aP < 0.05 vs
control). G: The intracellular lactate level decreased significantly after the ELF siRNA treatment (aP < 0.05 vs control); H, I: The main components of the extracellular
matrix, α-SMA and collagen I, expression showed a remarkable decrease in the activated HSCs, and the HSC transfected synthetic siRNA against ELF.

To confirm this finding, we first evaluated Akt,
the key protein of PI3K signaling, in ELF-siRNA
treated HSCs. As shown in Figure 5A, the expression
of pAkt decreased significantly after the silencing
of ELF in activated HSCs, however the total AKT
was not influenced by ELF-siRNA treatment. Then,
we administered activated HSCs with LY294002, a
PI3K/Akt signaling inhibitor, and made the following
evaluation. The remarkable downregulation of the pAkt
expression confirmed that the PI3K/Akt signaling was
well blockaded by LY294002 (Figure 5D). According
to the Western blot and RT-qPCR testing, we found
that inhibition of the PI3K/akt signaling does not affect
the ELF expression (Figure 5B and C). Therefore, the
key proteins of glycolysis, PFKP and PKM2, showed
a significant decrease in the activated HSCs treated
with LY294002 at the mRNA (Figure 5E and G) and
protein levels (Figure 5F and H). In addition, SMA and
collagen, the main components of the extracellular
matrix, were effectively repressed by the LY294002
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treatment (Figure 5I and J). Based on these data, we
first demonstrated that ELF could regulate pAkt and
glycolysis. Moreover, the blockade of PI3K/akt led to
the repression of glycolysis and ECM production. The
ELF was involved in the HSC glycolysis through the
regulation of PI3K/Akt signaling.

DISCUSSION
The destruction of the sinusoidal architecture in hepatic
fibrosis always leads to hypoxia of the HSCs around
the sinusoids. Simultaneously, the HSCs show a strong
ability to activate and proliferate, which requires
sufficient energy. The mechanism by which the HSCs
ensure sufficient energy for activation and proliferation
in the anoxic microenvironment is unknown. As
shown in recent research, glycolysis was increased
significantly in activated HSCs. Cellular metabolism
might be a novel aspect in the pathogenesis study
of liver fibrosis. To date, most studies of liver fibrosis
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Figure 5 Embryonic liver fordin was involved in the regulation of HSC glycolysis through PI3K/AKT signaling. A: The key protein of PI3K/akt signaling, pAKT,
decreased significantly in the embryonic liver fordin (ELF)-siRNA treated hepatic stellate cells (HSCs), but the expression of total AKT was not affected by ELF-siRNA
treatment. GAPDH was used as the control; B, C: The Western blot and real-time RT-PCR analysis indicated that the ELF expression was not affected by Ly294002,
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focused on HSC activation and ECM production. We
showed that energy metabolism, particularly glycolysis,
represents an innovative role in HSC activation.
In this study, we found a novel role for ELF in the
metabolic process of HSC s activation; the PI3K/Akt
pathway was shown to regulate the glycolysis of HSCs.
We first found that ELF expression was increased in
the HSCs of the fibrosis mouse model and the HSCs
cultured for 3 wk in vitro. PFKP is the key enzyme in
glycolysis and GLU, which showed a significant increase
in the activated HSCs compared with the controls.
Next, we tested whether increased ELF expression
affects glycolysis related-proteins. The silencing of ELF
in the activated HSCs leads to decreased expression
of glycolysis-related enzymes, such as PFKP, GLUT1,
PKM2, and MCT4. Further studies indicated that ELF
was involved in HSC glucose metabolism through
regulation of pAkt, an important downstream factor in
PI3K/Akt signaling.
PI3K signaling, one of the most important
pathways that involved various human diseases,
provides intense growth and survival signals to
many cell types and has profound effects on cellular
[20]
metabolism . As demonstrated in previous studies,
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the integration of growth and proliferation signals with
alterations to the central metabolism is important
[21,22]
for the oncogenic effects of the PI3K pathway
.
Protein kinase B (PKB), also known as Akt, is a serine/
threonine-specific protein kinase that plays a key role
in multiple cellular processes such as glucose meta
bolism, apoptosis, cell proliferation, transcription and
cell migration. Akt is the best-studied downstream
factor of PI3K signaling, and an important driver of
the glycolytic phenotype tumor, and stimulates ATP
generation, ensuring that cells have the bioenergetic
[23]
capacity required to respond to growth signals . Akt
was able to phosphorylate key glycolytic enzymes such
as hexokinase, phosphofructokinase 2, and Glu 1. This
function leads to increased expression and membrane
[24-26]
translocation of the glucose transporters
.
Abundant evidence has demonstrated that
PI3K/Akt pathway is crucial for the proliferation and
metabolism of many kinds of cells. Therefore, many
studies have suggested that TGF-β is able to activate
PI3K/Akt signaling and leads to the subsequent
phosphorylation of the downstream genes without
[27-29]
an interaction with Smad proteins
. TGF-β was
shown to downregulate PI3K/Akt signaling activity
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[30,31]

vision in the diagnosis and therapy of liver fibrosis.

through Smad proteins
. Therefore, the PI3K/Akt
signaling can also antagonize the Smad-mediated
[32,33]
effects in other TGF-β related conditions
. Our
previous studies showed that the activation of PI3K/
Akt signaling through insulin stimulation induced
the activation of TGF-β/Smad signaling, as indicated
by the nuclear translocation of Smad3/4. Moreover,
the inhibition of PI3K/Akt signaling by the use of the
LY294002 inhibitor led to the blockage of TGF-β/Smad
[9]
signaling . These findings indicated that the activated
PI3k/Akt pathway led to the activation of TGF-β/Smad
signaling in the hepatocytes. ELF was shown to play
an important role in this process by regulating the
[10]
localization of Smad3/4 in the nucleus . However,
the details underlying the interaction between TGF-β/
Smad and PI3K/Akt signaling, particularly in the field
of cell energy metabolism, should be investigated in
the future.
Multiple intrinsic and extrinsic molecular mecha
nisms contribute to cellular metabolism and provide
support for the three basic needs of dividing cells, as
follows: rapid ATP generation to maintain the energy
status; increased biosynthesis of macromolecules;
and tightened maintenance of appropriate cellular
[34,35]
redox status
. Metabolic changes represent a
common feature of all cell types and various diseases
including liver fibrosis. This effect is regulated by
diverse pathways and factors, such as PI3K signaling,
the hypoxia-inducible factor, p53, MYC and AMPactivated protein kinase, liver kinase B1, and the
[36,37]
hedgehog pathways
. Liver fibrosis represents a
very complicated process. In recent years, scientists
have revealed various pathways that contribute to the
pathogenesis of liver fibrosis. Although we showed
that PI3K/Akt, which was regulated by ELF, could affect
glycolysis in HSCs, other signaling could perform this
function. Additional signals that were involved in the
regulation of energy metabolism should be investigated
in liver fibrosis. Our study could increase the knowledge
of the pathogenesis of hepatic fibrosis and might be
applied to the diagnosis and treatment of patients.

Peer-review

In this study, the authors found that the ELF was involved in the couples of
signaling pathways to activate the glucose glycolysis of hepatic stellate cells
during the liver fibrosis. The PI3K/Akt signaling and glucose glycolysis-related
proteins were evaluated in this study.
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Abstract

Institutional review board statement: This study was
approved by the Institutional Review Board of Nanfang Hospital,
Southern Medical University, China.

AIM
To find the mechanisms by which special AT-rich
sequence-binding protein 2 (SATB2) influences colorectal
cancer (CRC) metastasis.

Conflict-of-interest statement: The authors declare that there
are no conflicts of interest.

METHODS
Cell growth assay, colony-forming assay, cell adhesion
assay and cell migration assay were used to evaluate
the biological characteristics of CRC cells with gain or
loss of SATB2. Sphere formation assay was used to
detect the self-renewal ability of CRC cells. The mRNA
expression of stem cell markers in CRC cells with
upregulated or downregulated SATB2 expression was
detected by quantitative real-time polymerase chain
reaction. Chromatin immunoprecipitation (ChIP) was
used to verify the binding loci of SATB2 on genomic
sequences of stem cell markers. The Cancer Genome
Atlas (TCGA) database and our clinical samples were

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at lixinyue@
fimmu.com. Participants gave informed consent for data sharing.
Open-Access: This article is an open-access article which was
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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
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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is an important DNA-binding protein involved in
transcriptional regulation and chromatin remodeling.
SATB2 plays key roles in osteoblastic differentiation,
cortical neuron differentiation and skeletal deve
[1-4]
lopment
. However, the role of SATB2 in cancer
initiation and progression is still not well-understood.
We previously found that SATB2 was a potential
marker for metastasis of colorectal cancer (CRC) and
low expression of SATB2 was correlated with tumor
[5]
progression and poor prognosis in CRC patients .
Interestingly, more evidence shows that SATB2 is
involved in progression of breast cancer, head and
[6-8]
neck squamous cell carcinomas and osteosarcoma .
Importantly, SATB2 is strongly expressed in normal
[9]
colorectal and appendiceal epithelium , demonstrating
SATB2 as a diagnostic marker for CRC.
Recently, SATB2 and its analogue protein SATB1 are
found to regulate embryonic stem cell differentiation
[10]
by directly binding with NANOG genomic locus .
Renew and differentiation of trophoblast stem cells are
[11]
also considered to be related with SATB proteins . In
the process of cancer development and progression,
very few cancer cells with stem cell-like properties
have greatly enhanced tumor-initiating potential within
a tumor and these cells are termed as cancer stem
[12,13]
cells (CSCs)
. However, the regulatory mechanisms
of CSCs and relations between CSCs and cancer meta
stasis are still needed to be elucidated.
In this study, we found that SATB2 had a supp
ressive effect on the tumor growth, adhesion, and
migration in vitro. Moreover, SATB2 could negatively
regulate the stemness of CRC cells by directly
binding to the regulatory elements in the genetic
loci of several stem cell markers. Our study provides
a new mechanism for the involvement of SATB2 in
CRC progression and helps better understand the
metastasis traits of CSCs.

analyzed to find the correlation between SATB2 and
some key stem cell markers.
RESULTS
Downregulation of SATB2 led to an aggressive phe
notype in SW480 and DLD-1 cells, which was chara
cterized by increased migration and invasion abilities.
Overexpression of SATB2 suppressed the migration
and invasion abilities in SW480 and SW620 cells. Using
sequential sphere formation assay to detect the selfrenewal abilities of CRC cells, we found more secondary
sphere formation but not primary sphere formation in
SW480 and DLD-1 cells after SATB2 expression was
knocked down. Moreover, most markers for stem cells
such as CD133, CD44, AXIN2, MEIS2 and NANOG were
increased in cells with SATB2 knockdown and decreased
in cells with SATB2 overexpression. ChIP assay showed
that SATB2 bound to regulatory elements of CD133,
CD44, MEIS2 and AXIN2 genes. Using TCGA database
and our clinical samples, we found that SATB2 was
correlated with some key stem cell markers including
CD44 and CD24 in clinical tissues of CRC patients.
CONCLUSION
SATB2 can directly bind to the regulatory elements
in the genetic loci of several stem cell markers and
consequently inhibit the progression of CRC by
negatively regulating stemness of CRC cells.
Key words: Special AT-rich sequence-binding protein 2;
Colorectal cancer; Stemness; Metastasis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We found that special AT-rich sequencebinding protein 2 (SATB2) had a suppressive effect
on the tumor growth, adhesion and migration in
vitro . Moreover, SATB2 could negatively regulate the
stemness of colorectal cancer (CRC) cells by directly
binding to the regulatory elements in the genetic loci
of several stem cell markers. Our study provides a
new mechanism for the involvement of SATB2 in CRC
progression and helps us to better understand the
metastasis traits of cancer stem cells.

MATERIALS AND METHODS
Cell lines

The CRC cell lines used in our experiments were
bought from the Cell Bank at the Chinese Academy
of Sciences. The cells were cultured in RPMI-1640
medium in which fetal bovine serum (Hyclone, United
States) was added to a final concentration of 10%.
The cells were sustained in an incubator with 5% CO2
at 37 ℃.

Li Y, Liu YH, Hu YY, Chen L, Li JM. Special AT-rich sequencebinding protein 2 acts as a negative regulator of stemness in
colorectal cancer cells. World J Gastroenterol 2016; 22(38):
8528-8539 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i38/8528.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i38.8528

Plasmid and lentivirus preparation

The information of pCAG-SATB2 vector and its control
[5]
vector had been mentioned in our previous paper .
The pLKO.1-TRC vectors with different interfer
ence fragments targeting SATB2 were purchased
from Thermo Scientific (United States, Item No.
TRCN0000020684 to TRCN0000020688).

INTRODUCTION
Special AT-rich sequence-binding protein 2 (SATB2)
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the FluorChem system (Alpha Innotech).

Table 1 Primer sequences used in quantitative real-time
polymerase chain reaction for detection of stem cell marker
mRNA expression
Gene
CD133-F
CD133-R
CD44-F
CD44-R
CD24-F
CD24-R
OCT3/4-F
OCT3/4-R
KLF4-F
KLF4-R
SOX2-F
SOX2-R
PRL-1-F
PRL-1-R
MEIS2-F
MEIS2-R
AXIN2-F
AXIN2-R
NANOG-F
NANOG-R
GAPDH-F
GAPDH-R

Cell growth assay

Cell aliquots (100 μL) were transferred into each well
of 96-well microtiter plates at a concentration of 1 ×
4
10 cells/mL. CCK-8 (Dojindo Laboratories, Japan) was
used to test the cell proliferation ability every 24 h and
would last 6 d. Each day we added 10 µL of CCK-8
reagents into each well and then incubated the plates
at 37 ℃ for 2 h. After the incubation, the absorbance
of each well was measured at 450 nm using the Vmax
microplate spectrophotometer (Molecular Devices,
CA).

Sequence
5’ TTTGTCTTCTATTCTTGGCTTC 3’
5’ ACCTTGTCATAATCAATTTTGG 3’
5’ GGTTCATAGAAGGGCACGT 3’
5’ TGTCTTCGTCTGGGATGG 3’
5’ TCAAGTATTTGGGAAGTG 3’
5’ GTGTTCTAAATGTGGCTAT 3’
5’ CGACCATCTGCCGCTTTGAG 3’
5’ CCCCCTGTCCCCCATTCCTA 3’
5’ TGGGTCTTGAGGAAGTGCTG 3’
5’ TGTTTACGGTAGTGCCTGGTC 3’
5’ CACCTACAGCATGTCCTACTC 3’
5’ CATGCTGTTTCTTACTCTCCTC 3’
5’ GGCAAACTTCGAGTCTCCT 3’
5’ CCGGTTGATGAATGGCTAA 3’
5’ GTCCACGAACTGTGCGATAA 3’
5’ TTCGGAAGGGTACGGATG 3’
5’ AGCATTTTAATCAACAGCATCTA 3’
5’ TAACTAAGAATGTGATCCAAGAA 3’
5’ CAACTGGCCGAAGAATAGCA 3’
5’ GCAGGAGAATTTGGCTGGAA 3’
5’ GGAGCGAGATCCCTCCAAAAT 3’
5’ GGCTGTTGTCATACTTCTCATGG 3’

Colony-forming assay
2

Cells (1 × 10 ) were seeded into each well of 6-well
culture plates and incubated at 37 ℃ for 14 d. Then
the cells were stained with crystal violet solution and
the pictures of stained cells were taken with a digital
camera. Under a microscope, the colonies containing
more than 50 cells were counted. The colony formation
efficiency of each group was calculated as the colony
number divided by inoculated cell number and then
multiplied by 100%.

Transfection and lentiviral transduction

Cell adhesion assay

The pCAG-SATB2 was transfected into CRC cell
lines to establish cells in which SATB2 expression
was upregulated. The packaged virus with pLKO.1TRC vectors were used to establish cells with stably
downregulated expression of SATB2.

Fibronectin (Invitrogen, United States) was added into
each well of 96-well plates at a concentration of 10 µg/mL
and plates were incubated overnight at 4 ℃. After that,
1% BSA was added and incubated at 37 ℃ for 1 h.
5
Then diluted cells (1 × 10 cells/100 µL) were added to
the coated wells and incubated at 37 ℃ for 1 h. After
the non-adherent cells were washed out, we added
CCK-8 reagent into each well and the plates were
incubated at 37 ℃ for 2 h. The absorbance of each well
was measured at 450 nm.

Quantitative real-time polymerase chain reaction

The mRNA expression levels of SATB2 and stem
cell markers in CRC cell lines were measured by
quantitative real-time polymerase chain reaction (qRTPCR) using SYBR Green (Takara, China) run in a 7500
real-time PCR system (ABI, United States). Expression
levels of SATB2 and stem cell markers were evaluated
using the ΔΔCt method and normalized according to
the mRNA level of GAPDH. Primer sequences for qRTPCR are listed in Table 1.

Cell migration assay

Transwells (BD Biosciences, United States) inserted
with 8 µm pores were put into wells of 24-well plates.
Cells were suspended with serum free medium and
5
2 × 10 cells were added inside the chamber. Below
the matched chamber, 600 µL of RMPI-1640 medium
containing 10% FBS was added. After incubation for
24 h, noninvasive cells on the membrane inside the
transwell were removed. Invaded cells were fixed with
methanol, stained with Giemsa or crystal violet and
photographed.

Western blot analysis

Protein extracts were obtained using the lysis buffer
(KeyGen Biotech). After being quantiﬁed, equivalent
amounts of protein extracts were separated using
SDS-PAGE and transferred to the PVDF membrane
(Roche Applied Sciences). The primary antibody was
added onto each membrane and incubated at 4 ℃
overnight. The appropriate second antibody was used
on the following day. Mouse monoclonal anti-SATB2
antibody (1:100, Abcam, United Kingdom), rabbit
polyclonal anti-CD133 antibody (1:500, Abnova,
China) and mouse monoclonal anti-α-tubulin antibody
(1:1000, proteintech, United States) were used. The
targeted bands were visualized and photographed with
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Immunoﬂuorescence analysis

CRC cells were stained with CD133 antibody as
mentioned previously. Then the goat anti-rabbit
secondary antibody conjugated with Alexa Fluor
594 (ZSGB-Bio, China) was used. DAPI was used to
counterstain nuclei. The fluorescence was scanned and
photographed with a confocal laser scanning micro
scope (Olympus, Japan). The average fluorescence
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females. The average age was 63.77 ± 16.22 years.
We collected the tumor tissue and its adjacent normal
tissue. Then the tissues were preserved in liquid
nitrogen and RNA was extracted and analyzed sub
sequently.

Table 2 Primer sequences used in polymerase chain reaction
for detecting genomic binding sites for stem cell markers
Gene
CD133-F
CD133-R
CD44(1)-F
CD44(1)-R
CD44(2)-F
CD44(2)-R
CD44(3)-F
CD44(3)-R
CD44(4)-F
CD44(4)-R
MEIS2(1)-F
MEIS2(1)-R
MEIS2(2)-F
MEIS2(2)-R
AXIN2-F
AXIN2-R

Sequence
5’ TTTGTCTTCTATTCTTGGCTTC 3’
5’ ACCTTGTCATAATCAATTTTGG 3’
5’ CTCATGGCTCAGTCGCCCAATCA 3’
5’ TTTGCTCCTGAGCTGTTGCGTGG 3’
5’ AGATTAAGGAGCTAGGACTC 3’
5’ AAGATCACTTGGCAAGAAAG 3’
5’ GGCACGTGTGAAACCTTTCCATTC 3’
5’ GCTGAGCTGGACGCCAAGCA 3’
5’ GCCTTTCATCCCTCGGGTGTGC 3’
5’ TTCCTCCCAGGGACCAGGCC 3’
5’ GGATTCCTGGCCAAAGGACGC 3’
5’ CTCCCCCTAAGAGCGGCTCCA 3’
5’ ACTGCCCGCAAGGATTCCACAA 3’
5’ GGACTGTGGACCAAATCCAGCACAG 3’
5’ TATTCAAGGCATCTTTTACTGGAC 3’
5’ AGCAAAGAACTAGCCAATAAGGAG 3’

Statistical analysis

SPSS V.13.0 statistical software package was used to
perform all statistical analyses. The Student’s t-test
was used to compare two groups of independent
samples. One-way ANOVA was used to analyze
differences among multiple groups and differences
between groups were analyzed by LSD pairwise
comparison. Pearson correlation analysis was used to
calculate the correlation between SATB2 and stem cell
markers. P < 0.05 was considered to be statistically
significant for all the analyses.

RESULTS

intensity was calculated with Image J software.

Overexpression of SATB2 inhibits the proliferation and
migration of CRC cells in vitro

Sphere formation assay

The low attachment plates (Corning Incorporated,
United States) were used to culture cells using serum[14]
free medium according to a previous study . We
prepared the serum-free medium for sphere culturing
by adding 10 μg of EGF, 5 μg of LIF and 10 μg of bFGF
(Invitrogen, United States) into 500 mL of DMEM/
F12 medium. Cells were cultured in the 24-well ULLA
plates at a density of 5000 or 10000 cells/well for
1 wk. Spheres (> 50 µm) were counted using an
immunofluorescent microscope (Olympus, Japan).

SATB2 was successfully overexpressed in SW480
and SW620 cells both at mRNA (SW480, P < 0.001;
SW620, P < 0.001; Figure 1A) and protein (SW480,
P < 0.05; SW620, P < 0.01; Figure 1B) levels. CCK-8
cell proliferation assay showed that overexpression of
SATB2 inhibited cell proliferation in SW480 (P < 0.001)
and SW620 (P < 0.001) cells (Figure 1C). Moreover,
the colony formation assay indicated that cells with
SATB2 overexpression had a deceased formation of
colonies compared with control cells (SW480, P <
0.001; SW620, P < 0.01; Figure 1D). A significant
decrease in cell migration was showed in CRC cells
after the exogenous expression of SATB2 (SW480, P <
0.001; SW620, P < 0.001; Figure 1E).

Chromatin immunoprecipitation

SW480 cells were cultured and harvested. Following
procedures were provided by chromatin immu
noprecipitation (CHIP-IT) Express Enzymatic and
Enzymatic shearing Kit (Active Motif ). Mouse
monoclonal anti-SATB2 antibody (Abcam, Cambridge,
United Kingdom) was used. The positive and negative
control antibodies were provided in CHIP-IT control
(Active Motif). The immunoprecipitated DNA was
amplified by PCR. The primer sequences for PCR are
listed in Table 2.

Knockdown of SATB2 promotes adhesion, colonyformation and migration of CRC cells in vitro

To further confirm the effect of SATB2 on the biological
properties of CRC cells, we used the pLKO.1-TRC
system with shRNA interference targeting SATB2 to
produce virus to knock down SATB2 expression in CRC
cells. The lentiviruses with different shRNAs targeting
SATB2 were tested in SW480, SW620 and DLD-1 cells
for optimal selection. The lentivirus with shRNA#1
targeting SATB2 had the optimal efficiency to knock
down SATB2 expression in three tested CRC cell lines
(SW480, P < 0.001; SW620, P < 0.01; DLD-1, P <
0.01) and was then used to establish the cell lines with
SATB2 stable knockdown (Figure 2A). Single cells were
isolated from the cells infected by the lentivirus with
shRNA#1 targeting SATB2 and cultured for 2 wk to
establish clones with SATB2 stable knockdown (Figure
2B). SW480/clone7 (P < 0.001) and DLD-1/clone5
(P < 0.01) were used in our next experiments. In

Correlation analysis using The Cancer Genome Atlas
database and clinical samples of CRC patients

RNA-Seq expression data (combining level 3 data from
IlluminaGA_RNASeqV2 platforms) from CRC patients
were downloaded from The Cancer Genome Atlas
(TCGA), which had been analyzed in Cancer Browser
(https://genome-cancer.ucsc.edu/). Correlations
between SATB2 and stem cell markers were analyzed
according to data from these clinical samples.
We collected 68 fresh samples from CRC patients
operated from March to April in 2010 at Nanfang
Hospital. Among them, there were 45 males and 23
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Figure 1 Overexpression of special AT-rich sequence-binding protein 2 inhibits the proliferation and migration of colorectal cancer cells in vitro. A, B:
Expression levels of SATB2 in SW480 and SW620 cells transfected with pCAG-SATB2 were increased whenever detected by qRT-PCR (A) or Western blot (B);
C: The proliferation abilities of cells with SATB2 overexpression were detected to have a decrease in CCK-8 cell proliferation assay. The P-values of time effect,
group effect and their interaction effect were all below 0.001 in SW480 and DLD-1 cells; D: Colony formation assay was used to analyze ability of clone formation in
SATB2 overexpressing cells. Cells with SATB2 overexpression formed less clones; E: Cell migration capacities of control cells and SATB2 overexpressing cells were
compared by detecting the invaded cell numbers in transwell chambers. Fewer invaded cells were found in SATB2 overexpressing cells. Scale bar is 50 μm. Data
shown are mean ± SEM. aP < 0.05, bP < 0.01, cP < 0.001 vs control.
[15-17]

contrast to our previous results, enhanced adhesion
ability (SW480, P < 0.001; DLD-1, P < 0.001; Figure
2C), colony-forming capacity (SW480, P < 0.05;
DLD-1, P < 0.01; Figure 2D) and migration ability
(SW480/shRNA#1, P < 0.05; DLD-1/shRNA#1, P <
0.001; SW480/clone7, P < 0.001; DLD-1/clone5, P
< 0.001; Figure 2E and F) were found in SW480 and
DLD-1 cells after SATB2 was downregulated.

malignancy
. The CSCs were possibly the main
cause of new tumor formation and tumor metastasis.
We checked whether SATB2 could influence phenotype
of stemness of CRC cells. As we know, self-renewal
is one of the basic characteristics of stemness of CRC
cells. So we observed the self-renewal of CRC cells
using sequential sphere formation assay. Nevertheless,
SATB2 knockdown had no effect on primary sphere
formation in CRC cells (Figure 3A). Interestingly, more
secondary sphere formation was found in SW480 and
DLD-1 cells after SATB2 expression was knocked down
(SW480/shRNA#1, P < 0.05; DLD-1/shRNA#1, P >
0.05; SW480/clone7, P < 0.05; DLD-1/clone5, P <
0.05; Figure 3B), indicating that SATB2 repressed the
self-renewal ability of CRC cells.

SATB2 knockdown enhances secondary sphere
formation of CRC cells in vitro

In our previous studies, we found that SATB2 expre
ssion was closely correlated with tumor invasion,
lymph node metastasis, distant metastasis and Dukes’
[5]
classification in CRC patients . Further, we found that
SATB2 overexpression inhibited the proliferation and
migration of CRC cells while knockdown of SATB2
promoted adhesion, colony-formation and migration
of CRC cells in vitro. There is a subpopulation of CSCs
that contributes to the biological traits of high-grade
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SATB2 knockdown increases the expression of several
markers for CSCs in CRC cells in vitro

We found that SATB2 knockdown enhanced secondary
sphere formation of CRC cells in vitro. It is logically
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Figure 2 Knockdown of special AT-rich sequence-binding protein 2 promotes adhesion, colony-formation and migration of colorectal cancer cells in vitro.
A: SATB2 expression levels in cells infected by virus with different shRNAs targeting SATB2 were detected by Western blot. shRNA named shRNA#1 had the best
effect in silencing SATB2 expression in SW480, SW620 and DLD-1 cells; B: Cells in which SATB2 was stably knocked down were isolated into single cells and single
cells were cultured for 2 wk to form clones. Then we detected SATB2 expression in different clones by Western blot. We chose SW480/clone7 and DLD-1/clone5 cells
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supposed that SATB2 may affect the expression of
markers of CSCs as a key transcriptional factor which
controls gene expression. Therefore, we detected the
mRNA expression of several key markers of CSCs,
such as CD133, CD44, AXIN2, MEIS2 and NANOG,
by qRT-PCR in CRC cells with gain or loss of SATB2
expression. Accordingly, most markers for stem cells
were increased in cells with SATB2 knockdown and
decreased in cells with SATB2 overexpression (Figure
4A and B), especially CD133 (SW480/pCAG-SATB2,
P < 0.05; DLD-1/pCAG-SATB2, P < 0.001; SW480/
clone7, P < 0.001; DLD-1/shRNA#1, P < 0.05; DLD-1/
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clone5, P < 0.001), CD44 (SW480/pCAG-SATB2, P <
0.05; HCT-116/pCAG-SATB2, P < 0.05; DLD-1/pCAGSATB2, P < 0.05; SW480/clone7, P < 0.01; DLD-1/
clone5, P < 0.001) and PRL1 (HCT-116/pCAG-SATB2,
P < 0.01; SW480/shRNA#1, P < 0.01; SW480/clone7,
P < 0.01; DLD-1/shRNA#1, P < 0.01; DLD-1/clone5,
P < 0.01). Specifically, CD133 expression was further
analyzed by Western blot (SW480, P < 0.05; SW620,
P < 0.001; DLD-1, P < 0.05) and immunofluorescent
staining (SW480, P < 0.001; SW620, P < 0.001;
DLD-1, P < 0.001). And CD133 expression was
increased in CRC cells after SATB2 was knocked down
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(Figure 4C and D).

some key stem cell markers, RNA-Seq expression
data in clinical samples of CRC from TCGA (http://
cancergenome.nih.gov/) were used. Using data
from TCGA, we found that SATB2 was negatively
correlated with expression of CD44 (P < 0.001), CD26
(P < 0.001), CD166 (P < 0.01), CD29 (P < 0.001)
and KRT19 (P < 0.01) and positively correlated with
expression of CD24 (P < 0.001) and LGR5 (P < 0.01)
(Figure 6A). Significantly, in our clinical CRC tissues,
we further confirmed that SATB2 was positively
correlated with CD24 (P < 0.001) expression (Figure
6B). However, the correlation between SATB2 and
CD133 was marginal for significance analysis both in
TCGA data (P = 0.072, Figure 6A) and our own clinical
samples of CRC (P = 0.052, Figure 6B), suggesting
that limited samples were included in both studies.

SATB2 binds to regulatory elements of CD133, CD44,
MEIS2 and AXIN2 genes

As a transcriptional factor, SATB2 may affect gene
expression of stem cell markers by directly binding
to regulatory elements of those genes. We used the
Genomatix online software to find the possible SATB2
binding loci of those stem cell marker genes. We found
that SATB2 may bind to regulatory elements of CD133
(Figure 5A), CD44 (Figure 5B), MEIS2 (Figure 5C) and
AXIN2 (Figure 5D), at single or multiple sites. Then,
we employed ChIP, followed by PCR, to test whether
SATB2 could bind to regulatory elements of these
genes. Chromatin fragments were prepared from
SW480 cells. Mouse monoclonal anti-SATB2 antibody
was used to precipitate the needed chromatin. AntiRNA pol II and anti-IgG antibodies were used as
positive and negative controls separately. Our results
indicated that regulatory elements of CD133 (Figure
5A), CD44 (Figure 5B), MEIS2 (Figure 5C) and AXIN2
(Figure 5D) contained SATB2-binding sequences.

DISCUSSION
In our previous studies, SATB2 has been found to be
a potential novel prognostic factor for CRC because
of its strong correlation with local invasion, lymph
[5]
node metastasis and distant metastasis in CRC .
After then, more evidence has confirmed SATB2 as
[18-21]
a useful marker for CRC metastasis
. Even so,
the mechanisms by which SATB2 is involved in CRC
metastasis are still largely unclear.

SATB2 is correlated with some key stem cell markers
including CD44 and CD24 in clinical tissues of CRC
patients

To further analyze the correlation between SATB2 and
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Figure 4 Special AT-rich sequence-binding protein 2 knockdown increases the expression of several markers for cancer stem cells in colorectal cancer
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Here, we found that SATB2 was a tumor supp
ressor in CRC. Gain-of-function studies showed that
overexpression of SATB2 inhibited the proliferation
and migration of CRC cells in vitro. Meanwhile, lossof-function studies indicated that knockdown of SATB2
promoted adhesion, colony-formation and migration of
CRC cells in vitro. These results are consistent with our
clinical data, supporting the importance of SATB2 in
tumor metastasis in CRC.
We also discovered that SATB2 was a negative
regulator of stemness in CRC cells. At present, many
solid tumors, including brain, colon, lung, breast, liver,
prostate and bladder cancers, have been identified to
[13,22-26]
have CSCs
. CSCs, commonly identified by their
cell-surface-marker expression, have self-renewal and
tumor-initiating ability and account for cancer relapse
[27]
and metastasis . Self-renewal ability of CSCs, also
called stemness, is one of the basic characteristic of
CSCs. Using primary and secondary sphere formation
assay to detect self-renew of CRC cells, we found
that SATB2 knockdown enhanced secondary sphere
formation of CRC cells in vitro. Consistently, expression
of CD133, NANOG and CD44, the key markers for
CRC, was significantly increased when SATB2 was
stably knocked down in CRC cells. Meanwhile, CD133

WJG|www.wjgnet.com

and CD44 were downregulated when SATB2 was
overexpressed in CRC cells. As a transcriptional factor,
SATB2 may regulate gene expression by directly
binding to the regulatory elements of these stemness
genes. NANOG was found to be directly regulated
by SATB2 because of the binding to its promoter
[10]
region . In our study, Genomatix, an online webbased bioinformatic system, was first used to predict
the potential genetic locus which might be recognized
and bound by SATB2. We found that SATB2 could bind
to one or more regulatory elements of CD133, CD44,
MEIS2 and AXIN2. Importantly, ChIP assay confirmed
that SATB2 could bind directly to the regulatory
elements of CD133, CD44, MEIS2 and AXIN2.
Interestingly, in TCGA clinical database and our clinical
data of CRC, SATB2 was correlated with expression of
several stem cell markers such as CD44 and CD24.
Much more evidence is needed to explore the precise
mechanisms by which SATB2 regulates stemness of
cancer cells.
In conclusion, our studies found that SATB2 could
directly bind to the regulatory elements in the genetic
loci of several stem cell markers and consequently
inhibit the progression of CRC by negatively regulating
stemness of CRC cells.
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Figure 6 Special AT-rich sequence-binding protein 2 is correlated with some key stem cell markers including CD44 and CD24 in clinical tissues of
colorectal cancer patients. A: The correlations between SATB2 and stem cell markers were analyzed by Pearson correlation analysis according to RNA-Seq
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cells (CSCs) with stem cell-like properties have been reported to enhance
greatly tumor-initiating potential within a tumor. This implies the possible
relationship between SATB2 and CSCs.

COMMENTS
COMMENTS
Background

Special AT-rich sequence-binding protein 2 (SATB2) is a key factor for
transcriptional regulation and chromatin remodeling. Previously, the authors
found that decreased expression of SATB2 was correlated with metastasis in
colorectal cancer (CRC). Unfortunately, how SATB2 influences CRC metastasis
is still unclear.

Innovations and breakthroughs

This is the first study to report the relationship between SATB2 and stemness
of CRC cells. And our study provides a new mechanism for the involvement of
SATB2 in CRC progression.

Research frontiers

Applications

SATB2 and its analogue protein SATB1 are found to regulate embryonic stem
cell differentiation by directly binding with NANOG genomic locus. Cancer stem

WJG|www.wjgnet.com
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Abstract
AIM
To study if anxiety, depression and experience of stress
are associated with gastrointestinal (GI) symptoms in
patients with bipolar disorder.

Clinical trial registration statement: The study was not
registered at URL.
Informed consent statement: All patients gave informed
consent prior to study enrolment.

METHODS
A total of 136 patients with bipolar disorder (mean
age 49.9 years; 61% women) and 136 controls from
the general population (mean age 51.0 years; 60%
women) were included in the study. GI symptoms were
assessed with The Gastrointestinal Symptom Rating
Scale-irritable bowel syndrome (GSRS-IBS), level of
anxiety and depression with The Hospital Anxiety and
Depression Scale (HADS) and stress-proneness with
Perceived Stress Questionnaire. Over a ten year period,
all visits in primary care were retrospectively recorded
in order to identify functional GI disorders.

Conflict-of-interest statement: No benefits in any form have
been received or will be received from commercial party related
directly or indirectely to the subject of this article.
Data sharing statement: Dataset available from the corres
ponding author at pontus.karling@umu.se.
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
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS
In subjects with low total HADS-score, there were no
significant differences in GI-symptoms between patients
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and controls (GSRS-IBS 7.0 vs 6.5, P = 0.513). In the
patients with bipolar disorder there were significant
correlations between all GSRS and HADS subscores
for all symptom clusters except for “constipation”
and “reflux”. Factors associated to GI symptoms in
the patient group were female sex (adjusted OR =
2.37, 95%CI: 1.07-5.24) and high HADS-Depression
score (adjusted OR = 3.64, 95%CI: 1.07-12.4). These
patients had also significantly more visits for IBS than
patients with low HADS-Depression scores (29% vs
8%, P = 0.008). However, there was no significant
differences in consulting behaviour for functional GI
disorders between patients and controls (25% vs 17%,
P = 0.108).

disorders and anxiety/depression are performed on
patients from gastroenterology units. These patients
often have longstanding and disabling gut symp
toms with negative consequences on quality of life
which in the long run may have an impact on mood.
Therefore, a different approach for studying how
affective syndromes influence the bowel and brain-gut
interactions is to set the starting point at the psychiatric
patients. Accordingly, there are relatively few studies
[5]
using this approach . In a large group of patients with
unipolar depression, we have previously described that
GI symptoms were common and related to symptoms
[6]
of anxiety and depression . Patients with unipolar
depression have more pain, including abdominal
pain, which in part correlates with the severity of the
depressive mood, and patients with unipolar depression
show a higher health care utilization for symptoms not
[5-9]
denoted as “psychiatric” .
Bipolar disorder, including different subtypes such
as bipolar disorder 1 and 2, is a common condition
with reported life time prevalence in the population
[10]
estimated at 2.4% . Furthermore, in the last decade
bipolar disorder is more described as a chronic,
progressive disorder with significant residual symp
toms between episodes of depression and mania/
[11]
hypomania rather than classically cyclical illness .
It is estimated that bipolar disorder patients suffer
from affective symptoms 50% of the time even if
they are appropriately treated and are receiving mood
stabilizing medication. The cost of total health care for
patients with bipolar disorder is estimated at two to four
[12]
times higher than for age- and sex matched controls .
In contrast to patients with unipolar depression, there
are little published data concerning functional GI
symptoms in patients with bipolar disorder.
The primary aim of this study was to compare the
prevalence of GI symptoms in patients with bipolar
disorder versus controls, and to determine the extent
to which symptoms of anxiety/depression/stress and
GI symptoms correlates in patients with an established
bipolar disorder. A secondary aim was to determine
if other factors than affectivity are associated to GI
symptoms in patients with bipolar disorder.

CONCLUSION
Female patients and patients with high HADS
depression score reported significantly more GI
symptoms, whereas patients with low HADS scores did
not differ from control subjects.
Key words: Anxiety; Bipolar disorder; Brain-Gut axis;
Depression; Dyspepsia; Functional gastrointestinal
disorder; Gastrointestinal Symptom Rating Scaleirritable bowel syndrome; Irritable bowel syndrome;
Hospital Anxiety and Depression Scale; Stress
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Bipolar patients with depressive symptoms,
but not with anxiety symptoms, reported more
gastrointestinal (GI) symptoms than control subjects.
Unexplained GI-symptoms in bipolar patients should
be seriously considered to suffer from depression and
receive adequate treatment.
Karling P, Maripuu M, Wikgren M, Adolfsson R, Norrback KF.
Association between gastrointestinal symptoms and affectivity
in patients with bipolar disorder. World J Gastroenterol 2016;
22(38): 8540-8548 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i38/8540.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i38.8540

MATERIALS AND METHODS

INTRODUCTION

Study participants

Affective disorders or affective symptoms such as
depression and anxiety are common in those who seek
[1]
help for functional gastrointestinal (GI) complaints .
Studies concerning the relationship between anxiety/
depression and GI symptoms might be biased by
a higher health care utilization that comes with
[2,3]
psychological comorbidity . To study the temporal
relationship between the onset of gut symptoms and
the onset of affective symptoms is difficult because
of the insidious onset and fluctuating course of both
[3,4]
affective and functional GI disorders . Most studies
that aim to characterize the relationship between bowel

WJG|www.wjgnet.com

Outpatients with a bipolar type 1 or type 2 diagnoses
were considered for participation in the study, which
is part of the multiple-outcome research project, the
Umeå Bipolar project. The patients were treated at a
specialized outpatient affective unit at Umeå University
Hospital. The diagnoses were made according to DSM[13]
IV criteria . General exclusion criteria were dementia,
mental retardation, relatedness as well as any other
feature that would compromise the ability to fulfil
the study protocol such as not having Swedish as a
mother tongue, several visual or auditory handicaps.
Pertaining to more specific exclusion criteria of the

8541

October 14, 2016|Volume 22|Issue 38|

Karling P et al . GI symptoms and bipolar disorder
present study, all subjects with abdominal surgery
within three months before and after the survey, and
all with established GI diseases, hepatic and renal
diseases were excluded. Subjects on beta blockers,
calcium antagonists, statines, antidepressants, pain
medication including non-steroidal anti inflammatory
medications were not excluded. Of 149 patients with
bipolar disorder, 136 patients (88 bipolar type 1 and
48 bipolar type 2) between 20 and 84 years of age
fulfilled the inclusion criteria and accepted participation.
All patients were on stable medical treatment for three
months prior to the study.
The control sample consisted of 136 age- and
sex-matched subjects from a sub study of the
Betula project (n = 299). The Betula project is a
large multiple-outcome study focused at exploring
memory, health and aging in the general population.
All participants were randomly selected from the
population registry of the same region as the patient
sample (the Umeå region, northern Sweden) and
have been shown to be representative of the general
[14]
population . The same exclusion criteria for the
patients were applied to the control sample. The
controls who took medications were likewise on stable
treatment at least three month prior to the study.

level of 9 points or more was used to define patients
suffering from anxiety (HADS-A).
The Perceived Stress Questionnaire (PSQ) was
developed to measure general stress perceived during
the past year and emphasizes cognitive perceptions
[20]
more than emotional states or specific life events .
The PSQ consist of 30 items using a 4-point Likert
scale (0-3 points). A PSQ index, varying from 0 (the
lowest level) to 1 (the highest level) is calculated by
[20]
dividing the total raw score with 90 . We used the
estimated PSQ index of > 0.34 to define moderate
[21]
level of perceived stress .

Medical records

After written consent from the subjects who responded
to the questionnaires, records of primary care, surgery
(including endoscopy unit) and infection clinics from
1999-2009, were searched twice for exclusion criteria
(see study participants). The Swedish health care
system includes a primary care health system with
general physicians taking care of all initial referrals
(except emergencies). Therefore, all patients who
attend the gastroenterology out-patient clinic are
initially referred by a general physician within the
primary care. Blinded by the result of GSRS-IBS and
HADS questionnaires, the records of primary care
health centres were investigated twice to define
consulters for IBS and any functional bowel disorders.
Consulters for GI symptoms were defined by diagnosis
of a functional bowel disorder as judged by their
general physician or symptoms according to ROME Ⅲ
[22]
criteria .

Questionnaires

The Gastrointestinal Symptom Rating Scale-IBS (GSRSIBS) is a validated self-assessment instrument to
[15]
assess symptoms of irritable bowel syndrome (IBS) .
The GSRS-IBS questionnaire includes 13 items, each
using a Likert scale (0-6 points). The items are grouped
into symptom clusters: Abdominal pain (two items),
bloating (three items), constipation (two items),
diarrhoea (four items) and satiety (two items). There
is currently not a defined cut-off level for having IBS
in the GSRS-IBS questionnaire. Therefore, to explore
the relationship between IBS-like symptoms with other
factors in patients with bipolar disorder we used the
median total GSRS-IBS score (the sum of all 13 items
score) for the patients. In addition, but not included in
the total GSRS-IBS score, we used five questions from
the former Gastrointestinal Symptom Rating Scale
(GSRS), that concern symptoms of gastroesophagal
[16]
reflux (two items) and dyspepsia (three items) .
The Hospital Anxiety and Depression Scale (HADS),
[17]
developed by Zigmond and Snaith in 1983 , is a
highly sensitive instrument to screen for symptoms of
anxiety and depression among patients with somatic
diseases. It consists of 7 items each for anxiety and
depression, each using a 4-point Likert scale (0-3
points). We used the HADS scale because it has high
sensitivity in detecting symptoms of anxiety and
depression, it is well validated, and it is simple to fill
[18,19]
in, which facilitates a higher response rate
. The
accepted cut-off level of 8 points or more for the
depression part of HADS (HADS-D) was used to define
patients suffering from depression and the cut off
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Statistical analysis

All analysis were carried out using IBM SPSS Statistics
version 23. Non-parametric tests were used for com
paring ordinal scales and continuous variables (MannWhitney test) and for correlations (Spearman’s test).
χ 2 test was used for crosstabs analyses and Fisher
exact test if the number of cases was below 10.
Student-t test was used for parametric comparison.
A two-sided P value less than 0.05 were regarded
significant. Means and standard deviations were used
for continuous variables and medians and inter quartile
range (IQR) for ordinal variables. No correction for
multiple testing was applied. A logistic regression
(SPSS/analyze/regression/binary logistic) was used for
adjusting for possible confounders to the dependent
variable GSRS-IBS score (dichotomous variable divided
by median score). In the regression model age and
body mass index were regarded as continues variables.
HADS-D was categorized into two groups according
to the accepted “cut-off” at ≥ 8 points, HADS-A was
categorized into two groups according to the accepted
[18,19]
“cut-off” at ≥ 9 points
, PSQ index was categorized
into two groups according the estimated moderate
[21]
level of perceived stress (PSQ index > 0.34)
and
the number of drugs was categorized into two groups

8542

October 14, 2016|Volume 22|Issue 38|

Karling P et al . GI symptoms and bipolar disorder
Table 1 Basal characteristic in patients with bipolar disorder and control subjects representative of a general population

Mean age (SD) (yr)
Women
Mean body mass index (SD) (kg/m2)
Median HADS scores (IQR):
HADS-anxiety
HADS-depression
PSQ index (IQR)
Median GSRS scores (IQR):
Abdominal pain
Bloating
Diarrhoea
Constipation
Satiety
Dyspepsia
Reflux
Total GSRS-IBS
Consulters for:
Any functional GI disorder
IBS

P value

Bipolar disorder

Controls

(n = 136)

(n = 136)

49.9 (14.1)
61% (n = 83)
27.0 (5.50)

51.0 (11.4)
60% (n = 81)
25.41 (3.19)

0.505
0.804
0.0051

5 (7)
3 (5)
0.27 (0.27)

4 (5)
3 (3)
NA

0.0011
0.0221

1.00 (2.00)
1.00 (1.67)
0.50 (1.50)
0 (2.00)
0 (1.00)
0 (1.00)
0 (1.00)
9.00 (17.00)

0.50 (1.50)
0.50 (1.34)
0.25 (0.75)
0 (1.00)
0 (0.50)
0.33 (0.67)
0 (0.50)
7.00 (13.00)

0.076
0.419
0.0021
0.310
0.0191
0.850
0.376
0.0201

25% (n = 34)
12% (n = 17)

17% (n = 23)
10% (n = 14)

0.108
0.582

1

Statistical significance. For each separate symptom cluster in the Gastrointestinal Symptom Rating Scale the total score was divided by the amount of
items. HADS: Hospital Anxiety and Depression Scale; GSRS: Gastrointestinal Symptom Rating Scale; IBS: Irritable Bowel Syndrome; PSQ: Perceived Stress
Questionnaire; IQR: Intra quartile range; NA: Not available.

Association of affective symptoms and GI symptoms in
bipolar disorder patients

by the median value. Each single drug used by more
than ten patients with bipolar disorder was separately
analyzed with age, body mass index, sex HADS-A and
HADS-D.

Bipolar patients with low HADS-D and HADS-A scores
reported GI symptoms to the same extent as control
subjects with low HADS-D and HADS-A scores despite
a higher use of medications (Table 2). Except for sub
scores for “constipation” and “reflux”, there were
significant correlations between all GSRS and all
HADS sub scores, and the bipolar patients with high
HADS-A and/or HADS-D scored higher on GI symptom
clusters (than patients with low HADS scores (Tables 2
and 3). There was a significant higher consulting rate
in primary care for IBS in the patients with current
high HADS-D in comparison to the patients with low
HADS-D score (29% vs 8%, P = 0.008). Also control
subjects with high HADS-A and/or HADS-D had higher
GSRS scores than controls with low HADS scores
[median scores of GSRS-IBS 12 (IQR 23) vs 6.5 (IQR
13), P = 0.021] as well as for sub scores for “bloating”
(P = 0.005) and “diarrhoea” (P = 0.013).

RESULTS
Patients with bipolar disorder in comparison to control
subjects

Patients with bipolar disorder had significant higher
body mass index and scored significant higher on
HADS scales in comparison to control subjects. Fortyeight (35%) of the bipolar patients versus 18 (13%) of
the controls had either HADS-D scores ≥ 8 or HADS-A
scores ≥ 9 (P < 0.001). Thirty-four percent (n = 46)
of the patients with bipolar disorder had a PSQ index
> 0.34 (estimated moderate or high perceived stress
level). Total GSRS-IBS score was significant higher
for patients with bipolar disorder than for controls.
There were two symptom clusters that were significant
higher among the patients; “the diarrhoea cluster” and
“the satiety cluster” (Table 1). The patients with bipolar
disorder tended to more often consulted primary care
for a functional GI disorder than control subjects. Drug
intake (number of drugs) was significant higher in
patients with bipolar depression disorder compared to
controls (median number 3 vs 1, P < 0.001). Drugs for
affective disorders, drugs for insomnia, levothyrexine,
antacids therapy and IBS medications were significant
more common among patients with bipolar disorder
whereas analgesic were more seldom used in compa
rison to control subjects.
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Logistic regression of factors that may influence GI
symptoms

Table 4 shows the characteristic of patients with high
versus low GSRS-IBS score. Female sex, high scores
on anxiety and depression, the use of benzodiazepines
(“borderline significance”) and the use of drugs for
insomnia was significant more common in patients
with high GSRS-IBS score. A logistic regression was
preformed to analyze potential confounders that
influence the presence of GI symptoms in patients with
bipolar disorder. In the logistic regression model only
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Table 2 Control subjects and patients with bipolar disorder with low scores on depression and low scores on anxiety score vs
patients with high scores on depression and/or high scores on anxiety
Bipolar patients with HADS-D ≥ 8
and/or HADS-A ≥ 9 (n = 48)
Mean age (SD) (yr)
Proportions of women
Mean Body mass index (kg/m2) (SD)
Median HADS score (IQR)
HADS-anxiety
HADS-depression
PSQ index (IQR)
Median GSRS score (IQR):
Abdominal pain
Bloating
Diarrhoea
Constipation
Satiety
Dyspepsia
Reflux
Total GSRS-IBS
Consulters:
For any functional GI disorder
IBS
Median number of drugs (IQR)

Bipolar patients with HADS-D < 8
and HADS-A < 9 (n = 88)

Controls with HADS-D < 8 and
HADS-A < 9 (n = 118)

46.7 (12.8) (P = 0.048)1
58% (n = 28) (P = 0.634)
27.2 (4.6) (P = 0.632)

51.7 (14.4)
62% (n = 55)
26.8 (5.97)

10.5 (5.0)
9.0 (9.0)
0.47 (0.28) (P < 0.001)1

3.0 (4.0)
2.0 (3.0)
0.20 (0.17)

3.0 (4.0) (P = 0.660)
2.0 (3.0) (P = 0.505)
NA

1.50 (2.50) (P = 0.002)1
1.67 (2.33) (P < 0.001)1
1.25 (2.25) (P < 0.001)1
0 (2.00) (P = 0.380)
0.50 (2.00) (P = 0.003)1
0.67 (1.33) (P = 0.002)1
0 (2.13) (P = 0.098)
15.0 (23.0) (P < 0.001)1

0.50 (1.50)
0.67 (1.33)
0.50 (1.00)
0 (1.50)
0 (0.50)
0 (0.67)
0 (0.88)
7.00 (12.0)

0 (1.50) (P = 0.558)
0.67 (1.67) (P = 0.415)
0.25 (0.75) (P = 0.107)
0 (1.00) (P = 0.453)
0 (0.50) (P = 0.513)
0.33 (0.67) (P = 0.291)
0 (0.50) (P = 0.796)
6.50 (13.0) (P = 0.513)

29% (n = 14) (P = 0.407)
17% (n = 8) (P = 0.290)
3.0 (3.0) (P = 0.557)

23% (n = 20)
10% (n = 9)
3.0 (3.0)

14% (n = 17) (P = 0.131)
10% (n = 12) (P = 0.995)
1.0 (2.0) (P < 0.001)1

51.5 (11.8) (P = 0.903)
59% (n = 70) (P = 0.644)
25.6 (3.26) (P = 0.063)

1

Statistical significance. For each separate symptom cluster in the Gastrointestinal Symptom Rating Scale the total score was divided by the amount of
items. HADS: Hospital Anxiety and Depression Scale; GSRS: Gastrointestinal Symptom Rating Scale; GI: Gastrointestinal; IBS: Irritable bowel syndrome;
IQR: Intra quartile range; NA: Not available.

Table 3 Hospital Anxiety Depression Scale scores and Perceived Stress Questionnaire index in correlation to different
gastrointestinal symptom scores in patients with bipolar disorder (n = 136)
HADS-Anxiety score.

HADS-Depression score.

PSQ index.

rs (P value)

rs (P value)

rs (P value)

0.295 (0.001)1
0.304 (< 0.001)1
0.334 (< 0.001)1
0.099 (0.254)
0.222 (0.010)1
0.293 (0.001)1
0.245 (0.004)1
0.336 (< 0.001)1

0.248 (0.004)1
0.365 (< 0.001)1
0.225 (0.009)1
0.028 (0.751)
0.253 (0.003)1
0.205 (0.017)1
0.122 (0.160)
0.328 (< 0.001)1

0.261 (0.002)1
0.376 (< 0.001)1
0.268 (0.002)1
0.063 (0.473)
0.333 (< 0.001)1
0.287 (0.001)1
0.235 (0.007)1
0.348 (< 0.001)1

Abdominal pain
Bloating
Diarrhoea
Constipation
Satiety
Dyspepsia
Reflux
Total GSRS-IBS score
1

Statistical significance. Statistics: Spearman’s test. HADS: Hospital Anixiety and Depression Scale; GSRS: Gastrointestinal Symptoms Rating Scale; IBS:
Irritable bowel syndrome; PSQ: Perceived Stress Questionnaire.

female sex and high HADS-D score was significantly
associated to IBS symptoms (Table 5) in the patients
with bipolar disorder.
Neither number of drugs (“cut off median number
of drugs”) (Table 5) or any single drug adjusted for age,
sex, body mass index and HADS score significantly
influenced GI symptoms.

DISCUSSION
This present study, for the first time, aims to determine
the extent in which affectivity is related to GI symptoms
in a patient sample with an established bipolar disorder,
a disorder characterized with fluctuating periods of
hypomania/mania and depression. Our study shows
that there is a strong association between symptoms
of affectivity and GI symptoms in patients with bipolar
disorder but also shows that patients with bipolar
disorder with low scores on affectivity do not have
more GI symptoms than control subjects. The latter
is despite a more frequent use of medications with
GI side-effects (i.e., neuroleptics, SSRIs) in patients
with bipolar disorder. Therefore, unexplained GI-

Bipolar disorder type I vs type II

The patients with bipolar disorder type Ⅰ were older
than the patients with bipolar disorder type Ⅱ (mean
51.9 years vs 46.2 years, P = 0.025). There were
no significant differences in GSRS-IBS scores, HADS
scores or GI visits between the subtypes of bipolar
disorder.
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Table 4 Comparison between patients with bipolar disorder who report high respective low scores on the Gastrointestinal Symptom
Rating Scale for Irritable Bowel Syndrome

Mean age (SD)(yr)
Women
BMI (SD)
Median HADS scores (IQR)
Anxiety score (median)
Depression score (median)
PSQ index (IQR)
Consulters for:
Any functional GI disorder
IBS
Bipolar type Ⅰ
Bipolar type Ⅱ
Medications:
Lithium
Neuroleptics
Anti-epileptics
SSRI
SNRI
Benzodiazepines
Drugs for insomnia
Drugs for IBS
Antacids
Statines
Levothyroxine
≥ 3 drugs

HIGH GSRS-IBS SCORE
(> 9)
(n = 65)
49.7 (13.7)
71% (n = 46)
27.2 (4.46)

LOW GSRS-IBS SCORE
(≤ 9)
(n = 71)
50.1 (14.5)
52% (n = 37)
26.7 (6.32)

P value

6.0 (9.0)
4.0 (8.0)
0.32 (0.26)

4.0 (6.0)
2.0 (4.0)
0.21 (0.23)

0.0011
0.0021
< 0.0011

29% (n = 19)
18% (n = 12)
46% (n = 40)
52% (n = 25)

21% (n = 15)
7% (n = 5)
54% (n = 48)
37% (n = 23)

0.276
0.067
0.460

51% (n = 33)
28% (n = 18)
31% (n = 20)
14% (n = 9)
9% (n = 6)
17% (n = 11)
26% (n = 17)
11% (n = 7)
15% (n = 10)
12% (n = 8)
26% (n = 17)
64% (n = 41)

42% (n = 31)
20% (n = 14)
34% (n = 24)
11% (n = 8)
6% (n = 4)
6% (n = 4)
10% (n = 7)
1% (n = 1)
7% (n = 5)
8% (n = 6)
13% (n = 9)
54% (n = 38)

0.320
0.273
0.706
0.796
0.519
0.053
0.0141
0.0281
0.171
0.575
0.052
0.214

0.571
0.0261
0.45

1

Statistical significance. HADS: Hospital anxiety and depression scale; GSRS-IBS: Gastrointestinal symptom rating scale- irritable bowel syndrome; PSQ:
Perceived Stress Questionnaire; BMI: Body mass index; SSRI: Selective serotonin reuptake inhibitor; SNRI: Selective noradrenalin reuptake inhibitor; IQR:
Intraquartile range.
[30]

symptoms in patients with bipolar disorder should be
seriously considered to suffer from depression and
receive adequate treatment. It is tempting to assume
that this would reduce the number of unnecessary
somatic examinations. We have previously shown that
also patients with an established recurrent depression
disorder report high scores on GI symptoms, but
when in remission they do not differ from controls in
[6]
reporting GI symptoms . We believe that the present
study and our previous study support that affectivity
has an effect on the gut.
How the brain-gut axis is involved in the patho
physiology of anxiety/depression is not known. In
the brain areas that process visceral afferents and
areas involved in fear and anxiety are closely related.
For example, functional imaging studies on patients
with IBS have shown that balloon distension of the
rectosigmoid colon increases activity in certain areas
of the brain involved in the regulation of affective
and sensory processes such as the amygdala, insula,
[23-26]
cingulated and prefrontal cortex
.
There is also evidence that gut symptoms and
visceral hypersensitivity improve in patients with IBS
treated with anti-depressants, hypnosis and cognitive[27-29]
behavioural treatment
. One possible mechanism
of these therapies could be an increase in prefrontal
inhibition of the amygdale and anterior cingulated
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cortex .
Another factor that links affectivity and the gut
is corticotrophin-releasing hormone (CRH). Anxiety,
depression and stress are associated with increased
[31]
activity of CRH . CRH receptors are abundant in
the amygdale as well in the gut and an exaggerated
CRH response has been linked both to anxiety and
[31-33]
[34-37]
depression
as well to gut physiology
. For
example, injection of CRH results in an increased
visceral hypersensitivity, exaggerated colonic motility
[34-37]
and inhibition of upper gut motility
. In a clinical
perspective a high CRH drive may result in simul
taneous occurrence of increased affectivity, visceral
pain, diarrhoea, urgency and dyspepsia. CRH also
up regulates the hypothalamic-pituitary-adrenal
axis leading to hypercortisolism and activates locus
[31]
cereuleus
leading to a shift of the autonomic
nervous system towards an increased sympathetic
tone with possible complex downstream effects on the
gut physiology (including motility, sensitivity, secretion
[30,38,39]
and the gut immune system)
.
The issue of the brain-gut axis is complex and
many other possible factors may also be involved.
For example, the gut microbiotica and/or subtle
inflammation in the bowel may play a role in the
[40]
regulation of mood , indicating that in addition to a
brain-gut axis there is also a gut-brain axis involved in
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IBS questionnaire issue the symptoms typically of
postprandial dyspepsia (satiety and early satiety)
and are inappropriate to be classed in the IBS-like
symptom cluster. Because the questionnaire was valid
with the “satiety” questions we have included the
[15]
questions in the total GSRS-IBS .
The study design in the present study was mainly
cross-sectional, which results in a lack of clear
temporal relationship between depressive mood and GI
symptoms. A prospective study design, analyzing GI
symptoms in patients with affective disorder over time
would better investigate this temporal relationship.
Also, in studies comparing results from questionnaires
there is some risk of reporting bias (reporting the same
type of dignity on different scales). However, because
of the fact that patients in remission (low HADS-D
and HADS-A score) did not differ from controls in GI
symptom score but the same patients tended to have
more visits in primary care for functional GI complaints
we argue that these data point toward a common
pathophysiology between mood and gut symptoms in
patients with bipolar disorder.
Female patients and patients with high HADS
depression score reported significantly more GI
symptoms, whereas patients with low HADS scores
did not differ from control subjects. Unexplained GIsymptoms in bipolar patients should be seriously
considered to suffer from depression and receive
adequate treatment.

Table 5 Logistic regression analysis studying factors which
may influence gastrointestinal symptoms in patients with
bipolar disorder
Patients with bipolar disorder and GSRS-IBS > 9 vs
patients with bipolar disorder and GSRS-IBS ≤ 9
Age
Sex
(male reference)
Body mass index
HADSDepression ≥ 8
(< 8 reference)
HADS-Anxiety
≥9
(< 9 reference)
PSQ index (≤
0.34 reference)
Number of
Drugs ≥ 3
(< 3 reference)

Unadjusted OR
1.00 (0.97-1.03)
2.23 (1.09-4.52)1

Adjusted OR
1.01 (0.97-1.04)
2.37 (1.07-5.24)1

1.02 (0.95-1.09)
5.54 (2.07-14.8)1

1.01 (0.93-1.08)
3.64 (1.07-12.4)1

2.89 (1.34-6.22)1

1.82 (0.64-5.22)

2.53 (1.21-5.30)1

1.30 (0.42-3.99)

1.55 (0.77-3.09)

1.29 (0.59-2.80)

1

Statistical significance. The dependent variable is high versus low score
on the Gastrointestinal Symptom Rating Scale. The studied covariates
were: Age (continues variable), Sex (dichotomous variable), Body mass
index (continues variable), Hospital Anxiety and Depression scale
score (dichotomous variable), Perceived Stress Questionnaire score
(dichotomous variable) and Number of drugs (dichotomous variable with
“cut off” being the median value). OR is presented with 95%CI. GSRS-IBS:
Gastrointestinal symptom rating scale-irritable bowel syndrome; HADS:
Hospital anxiety depression scale; PSQ: Perceived Stress Questionnaire.

the “link between affectivity and bowel symptoms.
In the logistic regression analysis in our study
depressive symptoms and not anxiety symptoms and
not perceived stress were related to GI symptoma
tology. This is a novel and important finding, which
is contrary to that seen in studies on patients with
[18,41]
[42]
IBS
and control subjects
in where anxiety
correlates to an higher extent to reported GI symp
toms. Women and younger individuals score in general
[18]
[21]
higher on HADS-anxiety and perceived stress . The
majority of patients with IBS are women and younger,
whereas the patients in the present study are older
and involves relatively more men. These differences
in age and gender distribution may partly explain
the different impact of anxiety and depression on GI
symptomatology in patients with IBS and patients with
bipolar disorder. We suggest further studies that focus
on the different aspects of affectivity and their impact
on symptoms from the gut.
There are some limitations of our study. The
GSRS and GSRS-IBS questionnaire is designed to be
a sensitive tool for detecting symptoms typically of
[15,16]
functional GI disorders
. However, the questions
in the GSRS questionnaire only focus on symptoms
the last week which increases the validity of the
responses but at the same time disallows us from
making a diagnosis according to the ROME criteria.
GSRS is regarded by some authors to overestimate
functional GI disorders in comparison to the ROME
[43]
based questionnaires . Two questions in the GSRS-
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COMMENTS
COMMENTS
Background

Symptoms of anxiety and depression as well as increased stress-proneness
are frequently occurring in patients with unexplained gastrointestinal (GI)
symptoms, however the cause and effect relationship has not been clearly
established

Research frontiers

There are many studies performed on patients with functional GI symptoms
that investigate the prevalence and characteristics of symptoms of anxiety
and depression. These patients often have longstanding and disabling gut
symptoms with negative consequences on quality of life which in the long run
may have an impact on mood. A different approach for studying how affective
syndromes influence the bowel and brain-gut interactions is to set the starting
point at the psychiatric patients. In the literature there are relatively few studies
using this approach.

Innovations and breakthroughs

The present study supports a relationship between affectivity and gut
symptoms. The finding that patients with bipolar disorder with low scores
on affectivity do not have more GI symptoms than control subjects whereas
patients with bipolar disorder with high scores on affectivity do have GI
symptoms support the thesis that mood has an impact on gut function.
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Applications

Unexplained GI-symptoms in bipolar patients should be seriously considered to
suffer from depression and receive adequate treatment.
17

Peer-review

The idea of search is significantly studied throughout function bowel disorders,
with all types and disorders. Results confirm what we expected, no changes
from previous studies.
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Abstract

Institutional review board statement: The study was reviewed
and approved for publication by our Institutional Reviewer.

AIM
To assess the interendoscopist variability in the
detection of colorectal polyps according to their location
and histological type.

Informed consent statement: Participants to the screening
program were informed that personal data and colonoscopy
findings could be used anonymously for scientific studies.

METHODS
This study was a retrospective analysis of prospectively
collected data from a regional colorectal cancer (CRC)
screening program; 2979 complete colonoscopies
from 18 endoscopists were included. Variability in
performance between endoscopists for detection of at
least one adenoma (A), one proximal adenoma (PA),
one distal adenoma (DA), and one proximal serrated
polyp (PSP) was assessed by using multilevel logistic
regression models.

Conflict-of-interest statement: The authors have no potential
conflict of interest.
Data sharing statement: The original anonymous dataset
is available on request from the corresponding author at jeanfrancois.bretagne@chu-rennes.fr.
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
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
The observed detection rates among the 18
endoscopists ranged from 24.6% to 47.6% (mean =
35.7%) for A, from 19.1% to 39.0% (mean = 29.4%)
for DA, from 6.0% to 22.9% (mean = 12.4%) for PA,
and from 1.3% to 19.3% (mean = 6.9%) for PSP.

Manuscript source: Invited manuscript
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miss rate of proximal adenomas compared to distal
adenomas could explain the decreased protective effect
of colonoscopy for proximal colon cancer. However, no
data are available on the interendoscopist variability of
adenoma detection according to the polyp location in
the colon, particularly in population-based studies.
Serrated polyps might be another significant
contributor to the decreased protective effect of
colonoscopies for proximal colon cancer. Serrated
lesions can be challenging to visualize because of their
morphologic characteristics and could be more likely
overlooked as compared to conventional adenomas.
Cohort studies demonstrated a wide variation rate
among endoscopists of the proximal serrated polyps
[12-14]
detection rates
, but no study aimed to compare
adenomas detection and serrated polyps detection
variability amongst endoscopists, especially for
proximal colon location.
This population-based study aimed to test the
hypothesis that the variations in adenoma detection
rates between colonoscopists are wider for the
proximal colon compared with the distal colon, and to
compare interendoscopist variability in polyp detection
rates in the proximal colon between serrated polyps
and adenomas.

After adjusting for patient-level variables (sex, age),
the interendoscopist detection rates variability achieved
a significant level for A, PA, and PSP but not for DA (P
= 0.03, P = 0.02, P = 0.02 and P = 0.08, respectively).
This heterogeneity, as measured by the variance
partition coefficient, was approximately threefold higher
for PA (6.6%) compared with A (2.1%), and twofold
higher for PSP (12.3%) compared with PA.
CONCLUSION
These results demonstrate significant interendoscopist
variability for proximal polyp particularly for serrated
polyps, but not for distal adenoma detection.
These findings contribute to explain the decreased
effectiveness of complete colonoscopies at preventing
proximal CRCs and the need to carefully assess the
proximal colon during scope procedure.
Key words: Colonoscopy; Colorectal cancer; Adenoma;
Serrated polyp; Proximal polyp; Detection rate; Quality
performance
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study demonstrates high
interendoscopist variability in adenoma, proximal
adenoma, and proximal serrated polyp detection
rates but not in distal adenoma detection rates. The
magnitude of interendoscopist variation was wider
for proximal serrated polyps as compared to proximal
adenoma detection. Altogether, these findings might
explain why complete colonoscopies are less effective
at preventing proximal than distal colorectal cancers.

MATERIALS AND METHODS
Study population

The study was conducted in “Ille et Vilaine”, which
has a population of approximately one million and
was one of the first French districts to implement a
national screening program at the end of 2002. The
mass screening is based on biennial guaiac fecal occult
blood tests. The target population for the screening
includes asymptomatic men and women between 50
and 74 years of age with no other CRC risk factors.
Individuals with a family history of CRC or a personal
history of CRC or adenomas, those with inflammatory
bowel disease, and those who had undergone a total
colonoscopy in the previous five years were excluded
from the screening program.
There were 96054 (51.8%) and 89309 (46.7%)
participants in the first and second rounds, respe
ctively. The proportion of positive tests amongst the
participants was 2.58% and 2.26%, respectively.
Positive testing was followed by a colonoscopy in
92.6% and 91.4% of the subjects, respectively.
Finally, 2295 and 1848 colonoscopies were performed
from 2003 to 2007 in the first and second rounds,
respectively.
The 18 endoscopists who had performed at least
30 colonoscopies following a positive test in each of
the first two rounds of the screening program were
included. Fourteen of the 18 endoscopists were in
private practice, and 4 worked in public hospitals.
Overall, the 18 endoscopists performed 3487 (84.2%)
of the 4143 white-light colonoscopies of the 2

Bretagne JF, Hamonic S, Piette C, Viel JF, Bouguen G.
Interendoscopist variability in proximal colon polyp detection
is twice higher for serrated polyps than adenomas. World J
Gastroenterol 2016; 22(38): 8549-8557 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i38/8549.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i38.8549

INTRODUCTION
Adenoma detection and removal is the basis for the
reduction in colorectal cancer (CRC) incidence and
[1-3]
mortality achieved by colonoscopy
. However,
recent studies raised concerns that screening co
lonoscopies may not decrease CRC incidence and
mortality in the proximal colon to the same extent
[4-8]
as in the distal colon . Although there are multiple
plausible explanations for the decreased effectiveness
in the proximal colon, the quality of the colonoscopy
is a critical issue. Recent studies demonstrated
that surrogate indicators for colonoscopy quality
performance, such as adenoma detection rates and
cecal intubation rates, were predictors of interval CRCs
[9-11]
that occur after screening colonoscopies
. A higher
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screening rounds. Although high cecal intubation rates
were recorded for rounds 1 and 2 (96.3% and 95.9%,
respectively), we included only complete examinations
of the colon in this study. The data from both rounds
were pooled because no difference in the colonoscopy
findings was noted between the two rounds. We
previously reported that individual endoscopists who
had participated in the CRC screening program as a
factor was not a significant predictor of CRC detection
[15]
but was a significant predictor of adenoma detection .
In the present study, a secondary analysis of the
colonoscopy data was done to explore variations in the
detection rate of at least one adenoma according to its
location in the colon and to compare interendoscopist
variability in polyp detection rates in the proximal colon
according to histological subtype (serrated polyps and
adenomas). The CRC screening program was declared
and approved by the CNIL “Commission Nationale de
th
l’Informatique et des Libertés” on August 30 2002
(n° 812571). Research was approved by the CCTIRS
“Comité Consultatif pour le Traitement de l’Information
en matière de Recherche dans le domaine de la santé”.

Additional analyses were performed after defining
a proximal polyp as proximal to the hepatic flexure
instead of proximal to the splenic flexure. Furthermore,
we assessed the interendoscopist variability for polyps
of size ≥ 10 mm.

Statistical analysis

Continuous variables were expressed as the mean,
standard error, median and interquartile range, and
extremes values; categorical variables were expressed
as numbers and percentages. The observed detection
rates were compared between males and females and
then between age classes using the Wilcoxon test; the
use of the Cochran-Mantel Haenszel test permitted
endoscopists to be adjustment variables. The patient
age- and gender-adjusted adenoma detection rates for
each endoscopist (and the corresponding 95%CI) were
defined as the observed proportion of colonoscopies
with at least one adenoma detected amongst all
subjects multiplied by the ratio of the observed to
the predicted number of detected adenomas for
one endoscopist. The predicted number of detected
adenomas for each endoscopist was assessed using
logistic regression. Multilevel logistic regression
models were used given the hierarchical structure
of the sample (i.e., patients are aggregated at the
endoscopist level) and binary outcomes (i.e., at least
one adenoma/at least one distal adenoma/at least
one proximal adenoma/at least one proximal serrated
polyp). Each model was a two-level model in which
age and gender were included as fixed effects (first
or patient level) and in which the endoscopist was
introduced as a random effect (second or endoscopist
level). The fixed effect results are presented as odds
ratios with 95%CI. To determine the proportion of
total variance of the outcome that is explained at the
endoscopist level, the variance partition coefficient
was calculated using the Snijders and Bosker appro
[16,17]
ximation
.
2
2
2
VPC = σ u0/(σ u0 + π /3)
where σ²u0 is the variance of the endoscopist-level
random effect representing the between-endoscopist
variability in terms of the outcome. The correlations
between adjusted values of polyp detection rates were
tested using the Spearman rank test. For all tests, the
significance threshold was α = 5%. The analyses were
performed using SAS version 9.2 (SAS Institute Inc.,
Cary, NC, United States).

Study design and outcomes

This was a cross-sectional study that used data
retrieved from a prospectively collected database.
Three adenoma detection rates, which were expressed
as the proportion of complete colonoscopies with
at least one adenoma, were calculated for each
endoscopist as follows: The distal adenoma detection
rate (DA.DR) for at least one adenoma detected in the
distal colon (i.e., below the splenic flexure including
the flexure), the proximal adenoma detection rate (PA.
DR) for at least one adenoma in the proximal colon
(i.e., proximal to the splenic flexure) and the A.DR for
at least one colorectal adenoma regardless of its loca
tion in the colon. Colonoscopies with CRC, including
those with malignant polyps harboring intramucosal
carcinoma, were not included in the analysis because
additional polyps in these patients were not recorded
in the database. The individual detection rates for
serrated polyps in the proximal colon (PSP.DR) were
also calculated for each endoscopist. Serrated polyps
were defined as an entire group of polyps that included
traditional hyperplastic polyps, sessile serrated
adenomas/polyps and traditional serrated adenomas.
The observed and adjusted (i.e., according to
patient age and gender) adenoma detection rates
were calculated for each endoscopist and each site.
Similarly, the observed and adjusted (i.e., according
to patient age and gender) proximal serrated polyp
detection rates were calculated for each endoscopist.
The variability between endoscopists in the probability
to detect one adenoma/one adenoma in the distal
colon/one adenoma in the proximal colon/one serrated
polyp in the proximal colon was assessed by multilevel
logistic regression models.
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RESULTS
Distribution of the adenomas and serrated polyps within
the population

After excluding incomplete examinations (n = 210)
and colonoscopies harboring CRC (n = 298), 2979
colonoscopies were included for the analysis. Of
these, 1531 (51.4%) were performed in males and
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Table 1 Observed polyp detection rates amongst the 18 colonoscopists
Endoscopist (No.)
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
N
mean
SD
Median
Q1-Q3
Min-Max

Colonoscopies (n )

A.DR

DA.DR

PA.DR

PSP.DR

273
272
213
210
207
185
172
164
160
157
148
148
135
135
132
105
85
78
18
165.50
54.65
158.50
135-207
78-273

33.33%
24.63%
46.48%
47.62%
28.99%
30.81%
32.56%
31.71%
35.63%
47.13%
33.11%
36.49%
37.04%
40.74%
34.85%
30.48%
38.82%
32.05%
18
35.69%
6.41%
34.09%
31.71%-38.82%
24.63%-47.62%

29.67%
19.49%
38.97%
38.10%
25.12%
27.57%
29.07%
28.05%
30.00%
35.67%
29.05%
31.76%
25.19%
31.11%
33.33%
19.05%
31.76%
25.64%
18
29.37%
5.41%
29.37%
25.64%-31.76%
19.05%-38.97%

7.33%
6.25%
17.84%
18.57%
7.25%
5.95%
9.88%
8.54%
11.25%
22.93%
11.49%
11.49%
17.78%
14.07%
6.82%
21.90%
12.94%
11.54%
18
12.43%
5.36%
11.49%
7.33%-17.78%
5.95%-22.93%

4.40%
5.51%
19.25%
6.19%
5.31%
2.70%
7.56%
8.54%
3.13%
15.92%
2.03%
10.14%
4.44%
5.93%
2.27%
15.24%
4.71%
1.28%
18
6.92%
5.14%
5.41%
3.13%-8.54%
1.28%-19.25%

A.DR: Adenoma detection rate; DA.DR: Distal adenoma detection rate; PA.DR: Proximal adenoma detection rate; PSP.DR: Proximal serrated polyp
detection rate.

higher detection rate in males compared with females
(7.0% vs 4.3%, respectively, P = 0.06).

1448 (48.6%) in females. The overall mean age
of the patients was 61.7 ± 7.2 years. The number
of colonoscopies performed by each of the 18
endoscopists ranged from 78 to 273 (mean = 165.5
± 54.7). At least one adenoma was detected in 1057
subjects as follows: 707 (66.9%) in men and 350
(33.1%) in women. Amongst the patients with at least
one adenoma, 703 (66.5%) had only distal adenomas,
180 (17.0%) had only proximal adenomas, and 174
(16.5%) had at least one adenoma in both regions.
At least one proximal serrated polyp was detected
in 210 subjects as follows: 130 (61.9%) in men and
80 (38.1%) in women. The number of colonoscopies
harboring both types of proximal polyps, i.e., at least
one adenoma and at least one serrated polyp, was 59
(2.0%).

Factors associated to the adenoma and serrated polyp
detection rates from multilevel logistic regression

The results of the multilevel logistic regressions are
presented in Table 4. Age and gender were significant
factors for polyp detection regardless of the indicator
used. After adjusting for patient-level variables, the
interendoscopist variability achieved a significant
level for A.DR, PA.DR, and PSP.DR but not for
DA.DR (P = 0.03, P = 0.02, P = 0.02 and P = 0.08,
respectively). The corresponding variance partition
coefficients were as follows: 2.1%, 6.6%, 12.3%, and
1.3%. The heterogeneity between endoscopists was
approximately threefold higher for PA.DR compared
with A.DR, and twofold higher for PSP.DR compared
with PA.DR.

Individual endoscopists’ neoplasia detection rates

Table 1 shows the observed detection rates per
endoscopist for each of the following four indicators:
Adenoma detection rate (A.DR), DA.DR, PA.DR, and
proximal serrated polyp detection rate (PSP.DR). The
mean detection rates were 35.7%, 29.4%, 12.4% and
6.9%, respectively.
The mean and median values of these four indi
cators according to gender and age are provided in
Tables 2 and 3. For each of the measures related
to adenoma detection, the median values were
significantly higher in males compared with females,
and the values increased with increasing age. The
median PSP.DR values did not differ significantly
according to age group, but there was a trend for a
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Complementary analyses

The abovementioned results were not affected when
the proximal colon was defined as proximal to the
hepatic flexure (data not presented).
Amongst the 18 colonoscopists, the median genderand age-adjusted values for the detection of polyps
≥ 10 mm were 17.5%, 16.2%, 2.6% and 0.6% for
A.DR, DA.DR, PA.DR and PSP.DR, respectively, without
significant statistical interendoscopist variability.
The interendoscopist variability amongst the 18
colonoscopists remains significant for the detection
rate of proximal polyps of any histological subtype
(i.e., proximal serrated polyp and/or proximal
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Table 2 Comparison of polyp detection rates (%) between males and females amongst the 18 colonoscopists using the Wilcoxon
test

A.DR

DA.DR

PA.DR

PSP.DR

n
mean
Median
Q1-Q3
Min-Max
n
mean
Median
Q1-Q3
Min-Max
n
mean
Median
Q1-Q3
Min-Max
n
mean
Median
Q1-Q3
Min-Max

Males

Females

Total

18
46.3
44.9
40.7-50.0
35.8-67.3
18
38.2
37.7
32.4-40.0
27.9-54.8
18
17.8
15.3
11.0-22.4
8.6-40.0
18
8.3
7.0
4.5-10.8
2.2-25.6

18
24.5
23.7
20.0-27.7
12.5-39.3
18
20
20.6
17.9-22.7
11.0-29.2
18
7.1
6.6
3.6-10.8
1.3-18.0
18
5.3
4.3
1.5-6.6
0.0-16.9

18
35.7
34.1
31.7-38.8
24.6-47.6
18
29.4
29.4
25.6-31.8
19.0-39.0
18
12.4
11.5
7.3-17.8
5.9-22.9
18
6.9
5.4
3.1-8.5
1.3-19.2

P value

< 0.0001

< 0.0001

< 0.0001

0.06

A.DR: Adenoma detection rate; DA.DR: Distal adenoma detection rate; PA.DR: Proximal adenoma detection rate; PSP.DR: Proximal serrated polyp
detection rate.

Table 3 Comparison of polyp detection rates (%) according to age groups amongst the 18 colonoscopists using the Wilcoxon test

A.DR

DA.DR

PA.DR

PSP.DR

n
mean
Median
Q1-Q3
Min-Max
n
mean
Median
Q1-Q3
Min-Max
n
mean
Median
Q1-Q3
Min-Max
n
mean
Median
Q1-Q3
Min-Max

< 55

55-59

60-64

65-69

≥ 70

Total

18
29.5
28.5
24.4-34.8
16.7-42.9
18
23.9
22.7
17.6-31.8
11.1-35.3
18
9.1
8.3
5.9-9.3
0-25.0
18
6.1
5.0
0.0-7.4
0.0-20.9

18
28.6
29.6
21.4-33.3
12.5-42.6
18
23.6
23.8
18.5-27.8
12.5-36.8
18
8.8
9.5
4.3-11.8
0-17.9
18
6.5
4.7
3.2-10.0
0.0-21.4

18
36.7
38.8
29.4-41.4
18.4-52.9
18
31.9
33.0
29.4-37.5
14.3-42.9
18
11.7
9.1
5.0-18.2
0-31.0
18
6.2
1.8
0.0-10.0
0.0-23.1

18
42.3
43.5
28.6-50.0
21.7-73.0
18
35.3
39.0
22.7-44.4
13.6-54.1
18
15.9
17.5
11.9-20.0
2.5-32.4
18
8.1
5.8
2.5-10.2
0.0-26.5

18
42.2
43.0
37.5-45.5
29.0-53.8
18
33.4
33.3
26.5-37.5
23.1-51.6
18
17.4
15.9
12.5-20.6
0-46.2
18
8.6
8.0
3.2-12.9
0.0-20.6

18
35.7
34.1
31.7-38.8
24.6-47.6
18
29.4
29.4
25.6-31.8
19.0-39.0
18
12.4
11.5
7.3-17.8
5.9-22.9
18
6.9
5.4
3.1-8.5
1.3-19.2

P value

< 0.0001

0.0003

0.0006

0.37

A.DR: Adenoma detection rate; DA.DR: Distal adenoma detection rate; PA.DR: Proximal adenoma detection rate; PSP.DR: Proximal serrated polyp
detection rate.

adenoma) (data not presented). The corresponding
variance partition coefficient was 9.6%, which was an
intermediary value between the PSP.DR and PA.DR
values.

= 0.83, P < 0.0001).

DISCUSSION
Colonoscopies are known to display great variability
in A.DRs between endoscopists in various settings,
[18]
including in academic , mixed community-aca
[19]
[20,21]
demic , community practices
and population[15,22]
based studies
. However, no study focused on
the variability in A.DRs according to the proximal or
distal location of the adenomas in the colon. Although

Correlation studies between adjusted values of polyp
detection rates

PSP.DR values were not correlated with A.DR values
(ρ = 0.19, P = 0.45), but were significantly correlated
with PA.DR values (ρ = 0.55, P < 0.002). PA.DR values
were highly significantly correlated with A.DR values (ρ
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Table 4 Results of multilevel logistic regression analysis for assessing the interendoscopist variability
Coefficient (standard error)
Adenoma detection
rate

Distal adenoma
detection rate

Proximal adenoma
detection rate

Proximal serrated
polyp detection rate

Patient level

Endoscopist level
Patient level

Endoscopist level
Patient level

Endoscopist level
Patient level

Endoscopist level

Constant
Age
Gender (ref = male)
2
1
σ u0
Constant
Age
Gender (ref = male)
2
1
σ u0
Constant
Age
Gender (ref = male)
2
1
σ u0
Constant
Age
Gender (ref = male)
2
1
σ u0

-2.37 (0.356)
0.036 (0.006)
-1.019 (0.082)
0.070 (0.032)
-2.498 (0.369)
0.033 (0.006)
-0.932 (0.085)
0.044 (0.025)
-4.169 (0.538)
0.041 (0.008)
-1.065 (0.127)
0.234 (0.101)
-4.049 (0.677)
0.025 (0.010)
-0.498 (0.150)
0.460 (0.199)

P value
< 0.0001
< 0.0001
< 0.0001
0.03
< 0.0001
< 0.0001
< 0.0001
0.08
< 0.0001
< 0.0001
< 0.0001
0.02
0.02
< 0.001
0.02

OR

95%CI

1.037
0.361

1.025-1.048
0.308-0.424

1.033
0.394

1.022-1.045
0.333-0.466

1.042
0.345

1.025-1.059
0.269-0.442

1.025
0.608

1.004-1.046
0.453-0.816

1

Variance of the endoscopist-level random effect representing the heterogeneity between endoscopists in terms of the outcome.

the present study confirms significant variability for
adenoma detection amongst colonoscopists, these
data indicate that interendoscopist variability achieves
a significant level for proximal adenomas but not distal
adenomas detection. Serrated polyps were included
to demonstrate that interendoscopist variability was
also significant for proximal serrated polyp detection,
even higher. These findings which resulted from indepth statistical analyses using multilevel logistic
regressions, demonstrate a higher heterogeneity
for proximal serrated polyp than proximal adenoma
detection amongst endoscopists. Detection rates for
distal serrated polyps were not assessed because we
hypothesised that variability between colonoscopists
could be related to other factors than the quality of
performance by colonoscopists. Some endoscopists
might intentionally avoid performing a biopsy or
discard small rectal polyps that have the appearance
of hyperplastic polyps in the rectosigmoid.
All of these findings contribute to underline that the
proximal colon is a difficult issue for colonoscopists.
Otherwise, the performances of colonoscopists are
more variable for proximal adenomas compared
with distal adenomas and within the proximal colon
for serrated polyps compared with adenomas. A
correlation between adenomas and serrated polyps
detection rates is debatable in the literature. No
significant correlation between both rates was found
[23,24]
similarly to some studies
. On the opposite, other
studies reported a significant correlation between
adenoma detection rate and detection rate of polyps
with other histological type (sessile serrated polyps,
[12,14,25-29]
serrated polyps and proximal serrated polyps)
,
but all underlined the poor correlation between A.DR
and PSP.DR. Moreover, the significant correlation we
found between both proximal polyps detection rates
is in accordance with results from one large cohort
[23]
study .
The mean detection rate for proximal adenomas

WJG|www.wjgnet.com

(12.4%) was significantly lower than the 38% rate
[30]
reported by Kahi et al
in a recent series of 6681
screening colonoscopies. The anatomical distribution
of adenomas in the large bowel is debatable. A rightsided dominance of adenomas has been reported in
[12]
[31]
some studies for both sexes , or for women only .
Of note, we did not observe such distribution for
adenomas. But, our findings are in line with data of
[32]
colonoscopies following a positive FOBT in France .
Interestingly, data of 2821392 nationwide screening
colonoscopies in Germany indicated that only 28.7%
of adenomas detected were proximal to the sigmoid
[33]
colon .
The ranges of proximal serrated polyp detection
rates amongst endoscopists were 1.3%-19.3% in
[13]
the present study. Two other studies by Kahi et al
[29]
(1%-18%) and Ijspeert et al
(2.9%-18.6%) re
ported similar rates but one study of 7215 screening
colonoscopies including 32 endoscopy centers observed
lower detection rate of proximal serrated polyps
[14]
(mean 2.8%, range 0-9.8%) . This discrepancy
may be secondary to the selected population, bowel
preparation quality, endoscopists’ technique or skill.
While the rate of clinically relevant serrated polyps
was recently reported to be similar in FOBT-based
screening cohorts and in primary colonoscopy screening
[14]
cohorts , the strengths of the current cohort remains
its homogeneity due to the population selection by
a single indication. With regard to the population,
our study underlines the fact that the prevalence of
proximal serrated polyps does not differ according to
[13,14,24]
age and gender
. The trend for a higher detection
rate in males compared with females that we found in
the present study is in accordance with recent findings
[34]
from post-FOBT colonoscopies .
These results point out the substantial numbers
of undetected lesions in the proximal colon in clinical
practice. The wider variability observed for serrated
polyps compared to adenomas amongst endosco
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pists support a more subtle appearance of serrated
[35,36]
polyps
, particularly of small and diminutive polyps
because we did not find any significant variation in the
detection rates for proximal polyps of a size greater
than 10 mm for either adenomas or serrated polyps.
We speculate that education and training are important
not solely for adequate mucosal exposure, but also for
identification of subtle lesions such as serrated polyps.
Individual endoscopists’ adenoma detection rates
have been demonstrated to be associated with interval
[9,11]
cancer risk
. The hypothesis that the proximal
serrated polyp detection rate or a composite measure
for proximal polyp (i.e., adenoma and/or serrated
polyp) detection could predict interval CRCs even more
accurately than the adenoma detection rate remains to
be established.
The present study has several limitations. The
preparation quality was not considered in our study. In
a recent prospective study, sessile serrated polyps were
detected in a significantly smaller proportion of patients
with intermediate-quality preparation than high-quality
[37]
preparation for the whole colon and the right colon .
However, it seems unlikely that it could explain the
wider magnitude of variation for proximal serrated
polyp detection compared with proximal adenoma
detection. The withdrawal time was not considered in
our study. It has been recently reported that it could
[23,24,38]
affect serrated polyp detection
. Thus, we cannot
exclude that a given withdrawal time could affect
differently serrated polyp and adenoma detection.
Furthermore, patient-related factors known to modify
adenoma prevalence, such as smoking, obesity, or
aspirin use, were not considered. By contrast, one
strength of our study was the exclusion of subjects
with a family history of CRC because of their particular
[39]
distribution of adenomas in the colon . Overall, it
seems unlikely that patient-related factors could have
explained the magnitude of the variability observed in
our study. Nevertheless, as suggested by the variance
partition coefficient values found in the current
study, other factors than endoscopists could explain
interendoscopist variability. Another limitation might
be related to the absence of distinction of subtypes
of serrated polyps. However, pooling the different
histopathological types of serrated polyps is justified
when considering the considerable interobserver
[12,40,41]
variation in the differentiation of serrated polyps
and the significant correlation between both detection
rates of proximal serrated polyps and clinically relevant
[29]
serrated polyps . Lastly, we have no information
regarding the endoscopes used by the endoscopists
during the study period. We hypothesize that all
colonoscopies were performed with standard definition
endoscopes. Thus, it remains to demonstrate that high
definition endoscopes could reduce the variability for
serrated polyp detection amongst endoscopists and
the gap between proximal serrated polyp and proximal
adenoma detection amongst endoscopists.
In conclusion, our findings demonstrate significant
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variability in the detection of proximal polyps, which
included both adenomas and serrated polyps, amongst
endoscopists. The heterogeneity was approximately
twofold higher for proximal serrated polyps than
for proximal adenomas detection. These findings
might explain why complete colonoscopies are less
effective at preventing proximal CRCs than distal
ones. Furthermore, our results question the potential
of using a proximal serrated polyp detection rate as a
surrogate indicator for interval CRC risk.
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Abstract
AIM
To determine if our health system’s integrated model
reflects sustained virologic response (SVR) outcomes
similar to those in clinical trial data, maximizes adhe
rence, and averts drug interactions.

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
Subjects with chronic hepatitis C had their medical
st
records reviewed from November 1 , 2014 through
st
March 1 , 2016. Patients eligible for treatment were
entered into an integrated care model therapy algo
rithm. The primary outcome was SVR12 based on
intention to treat (ITT) analysis. Inclusion criteria
consisted of both treatment naïve and experienced
patients over the age of 18 who were at least twelve
weeks post-therapy completion with any genotype
(GT) or METAVIR score. Secondary outcomes included
adherence, adverse events, and number of drug
interaction interventions.
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RESULTS
At the time of analysis, 133 patients had reached
twelve weeks post therapy with ITT. In the ITT analysis
70 patients were GT 1a, 26 GT 1b, 23 could not be
differentiated between GT 1a or 1b, 8 GT 2, 4 GT
3, and 2 patients with multiple genotypes. The ITT
treatment regimens consisted of 97 sofosbuvir (SOF)/
ledipasvir (LDV), 8 SOF/LDV and ribavirin (RBV), 7 SOF
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Management of chronic HCV with antiviral therapy
is aimed at halting disease progression, preventing
cirrhosis decompensation, reducing the risk of HCC,
and limiting extrahepatic complications of the infection.
The goal of antiviral therapy is to eradicate HCV RNA.
Historically, clinical trials of HCV treatment regimens
have used a sustained virologic response (SVR) as
[5]
the primary efficacy endpoint . SVR is defined as
undetectable HCV RNA levels 12 wk post-treatment
[6]
(SVR 12) .
Treatment of HCV is evolving and treatment success
is often based on the severity of liver fibrosis, presence
of cirrhosis, previous treatment failure, and genotype
(GT). For years, peg interferon alpha (PEG-IFN)/
ribavirin (RBV) combination was the only treatment
option. An improved understanding of the HCV genome
has led to the development of multiple direct-acting
antivirals (DAAs) targeted at specific proteins of the
[7]
virus, resulting in the disruption of viral replication .
New DAAs for HCV are categorized into classes shown
in Table 1, defined by their mechanism of action.
Since DAAs target critical steps of HCV replication,
selection of resistant mutants is inevitable with
[9,10]
monotherapy
. Combining HCV medications without
overlapping resistance patterns, effectively shuts
down viral replication which for many patients results
in clearance of the virus from the liver. Available
guidelines for the therapeutic management of HCV
infection include the American Association for the
Study of Liver Diseases in conjunction with the Infec
tious Diseases Society of America AASLD/IDSA, the
European Association for the Study of the Liver, the
United Kingdom consensus guidelines and the World
[3,11-13]
Health Organization
.
Usage of DAAs has been complicated by the high
cost of therapy. However, there is also high utilization
and costs for the health care system associated with
treating HCV-related complications. Achievement of
SVR has implications beyond those of viral eradication
including improved long-term clinical outcomes,
economic benefits and improved health-related quality
[14]
of life . Achievement of an SVR with DAAs can reduce
the risk of advanced liver disease, liver transplant,
and liver-related death. Research has shown that the
cost associated with liver-related tests, outpatient
drugs, and hospitalizations can be significantly lower
for patients who achieved SVR than for those without
[15]
SVR .
DAAs have shown remarkable cure rates with
[16,17]
SVR12 of 90%-100% in clinical trials
. A number of
phase 3 trials of patients with chronic HCV-GT1 have
achieved very high SVR12 rates with different DAA
drug combinations. In the ION-2 clinical trial, Ledipasvir
(LDV)/Sofosbuvir (SOF) ± RBV was used for 12 or 24
wk in treatment-experienced HCV-GT1 patients with or
[18]
without cirrhosis . In the OPTIMIST-1 trial, Simeprevir
(SMV)/SOF combination was used for 8 and 12 wk in
HCV-GT1 treatment-naïve and -experienced patients
[19]
without cirrhosis . In TURQUOISE-II, the combination

and Simeprevir (SMV), 6 3D and RBV, 1 3D, 11 SOF and
RBV, and 1 SOF, peg interferon alpha, and RBV. The
overall SVR12 rate was 93% in the ITT analysis with a
total of 6 patients relapsing. In patients with cirrhosis,
89% obtained SVR12. All 33 patients who were
previous treatment failures achieved SVR12. Drug-drug
interactions were identified in 56.4% of our patient
population, 69 of which required interventions made by
the pharmacist. The most common side effects were
fatigue (41.4%), headache (28.6%), nausea (18.1%),
and diarrhea (8.3%). No serious adverse effects were
reported.
CONCLUSION
Dean Health System’s integrated care model successfully
managed patients being treated for hepatitis C virus
(HCV). The integrated care model demonstrates high
SVR rates amongst patients with different levels of
fibrosis, genotypes, and HCV treatment history.
Key words: Hepatitis C; Medication adherance; Direct
acting antiviral; Sustained viral response; Integrated
care model
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There are new effective options for treating
hepatitis C virus. To maximize their effectiveness our
health system developed an innovative integrated care
model to manage these patients. Through our original
therapy algorithm we were able to closely monitor
patients from time of insurance approval to the time
of obtaining a sustained virologic response (SVR). This
real world retrospective study analyses our patient’s
SVR rate, adherence, and interventions made by the
patient care team. Additionally it will provide a model
for other systems to improve their care coordination
and response with direct acting antiviral treatment.
Levin JM, Dabirshahsahebi S, Bauer M, Huckins E.
Retrospective analysis of hepatitis C infected patients treated
through an integrated care model. World J Gastroenterol 2016;
22(38): 8558-8567 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i38/8558.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i38.8558

INTRODUCTION
Globally, an estimated 185 million people are chro
nically infected with hepatitis C virus (HCV) infection
with about 3.5 million individuals living with chronic
HCV in the United States period HCV infection is
associated with sizable morbidity and mortality with
[1-3]
over 350000 deaths annually . Long term effects of
chronic HCV can lead to complications such as liver
cirrhosis, hepatocellular carcinoma (HCC), and end[4]
stage liver disease requiring liver transplantation .
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Table 1 Direct-acting antivirals classifications
Class (targeting non-structural
proteins)
NS3/4A protease inhibitors
First generation
Second generation
NS5A inhibitors

integrated care model will demonstrate SVR rates
similar to those seen in the studies based on their
associated treatment status and stage of fibrosis.
Additionally we anticipate the results of the study to
demonstrate an increased number of drug interaction
interventions and decreased number of required office
visits.

[7,8]

Examples

telaprevir, boceprevir
grazoprevir1, paritaprevir2,
simeprevir
ledipasvir1, ombitasvir2,
daclatasvir, elbasvir1

NS5B RNA-dependent RNA
polymerase inhibitors
NS5B nucleoside polymerase
inhibitors
NS5B non-nucleoside
polymerase inhibitors

MATERIALS AND METHODS
This retrospective review was conducted at Dean
Clinic based in Wisconsin, United States. Patient
electronic medical records were reviewed from No
st
st
vember 1 , 2014 through March 1 , 2016. Treatment
was determined by the ordering physician with
recommendations made by the pharmacist based
on AASLD/IDSA Guidelines. All therapies were
given at FDA approved doses. HCV treatment was
managed by a multidisciplinary care team comprised
of an infectious disease physician, HCV nurse, and
a specialty pharmacist. Patients were referred to
pharmacy as treatment candidates by an infectious
disease physician. Once referred to pharmacy,
patients underwent insurance benefits verification and
treatment authorization was submitted to the patients’
insurances. Patients that were approved through their
insurance followed the integrated therapy algorithm
(Figure 1). The initial screening step in the therapy
algorithm was for patients’ medication lists, laboratory
values, and fibrosis measures to be reviewed by the
specialty pharmacist. All drug-drug interactions were
addressed by the pharmacist and recommendations
were relayed to the infectious disease physician and
the physician who prescribed the interacting nonHCV medication. The patients were subsequently set
up for an antiviral treatment education session where
they spoke with a pharmacist and an HCV nurse
educator. At the education session the patient was
given a therapy calendar with dates for scheduled
laboratory tests and appointments with the infectious
disease physician. Proper laboratory measurements
were performed at baseline and during the course of
treatment based on treatment regimen. Throughout
the course of treatment there were regular follow-ups
scheduled by the pharmacist in addition to an office
visit with the infectious disease physician at week
4 of treatment. During the pharmacist follow ups,
patients were assessed for adherence, changes to their
medications, and side effect management. At the end
of therapy the patients were contacted by the nurse
and established with post-treatment follow ups. A per
protocol (PP) analysis looked at patients that started
treatment with a Dean Clinic physician, completed
the entire course of therapy, and were able to have
an HCV viral load drawn at 12 wk post therapy. The
primary outcome was SVR12 based on ITT analysis.
Secondary outcomes included adherence, adverse
events, and number of drug interaction interventions.
Inclusion criteria consisted of both treatment naïve and

sofosbuvir
dasabuvir1

1

Only available as fixed dose combinations; 2Available in 2 fixed dose
combinations.

of ombitasvir/paritaprevir/ritonavir and dasabuvir (3D)
+ RBV was used for 12 or 24 wk in HCV-GT1 treatment
naïve and experienced patients and compensated
[20]
cirrhosis . The most common adverse events in all
four trials were fatigue, headache, and nausea.
In addition to high SVR12 rates with DAAs,
durability of SVR and the long term virologic and
clinical outcomes with DAA-only regimens have been
demonstrated. Data from one of two 3-year registries
showed 99.7% (5414/5433) of patients maintaining
SVR with 0.3% (19/5433) having emergent virus in
[21]
the SVR registry . Viral emergence occurred by week
96 in all patients.
In addition to antiviral therapies, general measures
in the management of patients with chronic HCV
are as follows: psychological counseling, symptom
management by dose adjustment of medications,
[5]
and emphasizing the importance of adherence .
The efficacy of DAA therapy is directly proportional
to the adherence of these agents. HCV cure rates
in real practice are often less than what is seen in
highly monitored and controlled clinical trials. Often,
there is a decrease in efficacy in intention-to-treat
(ITT) real world data due to higher loss to follow up,
non-adherence, and insurance barriers. Traditional
disconnected models between the physician and
pharmacy have demonstrated diminished adherence,
ineffective drug interaction management, and lower
SVR outcomes compared to those seen in the clinical
trials. In order to maximize the benefits of these
high cost medications, our health system created
an integrated care model between the clinic and
pharmacy to maximize the benefits of DAA, minimize
potential for drug-drug interactions, provide side effect
management, and increase adherence. The purpose
of this study is to determine if our health system’s
integrated model reflects SVR outcomes similar to
those seen in clinical trial data, maximize adherence,
and avert drug interactions that can impact efficacy.
Our hypothesis is that patients treated through our
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Pretreatment

Insurance
investigation
by pharmacy

Treatment
initiation

Pharmacist
consult

HCV nurse
visit

Week 3-5 of
treatment

Pharmacist
follow up

Labs

Remaining
course of
treatment

Pharmacist
follow up
every 4 wk

4 wk post
treatment

Labs

Office visit

12 wk post
treatment

Labs

Office visit

Office visit: Physician
sends referral

Labs

Baseline
labs

Office visit

HCV nurse calls
on last day of
treatment

Figure 1 Therapy algorithm.

consisted of 97 SOF/LDV, 8 SOF/LDV and RBV, 7 SOF
and SMV, 6 3D and RBV, 1 3D, 11 SOF and RBV, and 1
SOF, PEG-IFN, and RBV.
The overall SVR12 rate was 93% and 95% in
patients who had completed the ITT and PP analysis,
respectively (Figure 2). SVR12 rates were 89%
and 95% for cirrhotic and non-cirrhotic patients,
respectively. All treatment-experienced patients
(100%) achieved SVR12 in both ITT and PP analyses.
Treatment naïve patients with or without cirrhosis
achieved an SVR12 rate of 94% in the PP analysis.
Efficacy varied based on specific treatment regimens
and genotypes (Figure 3). Further analysis was done
on the patients who relapsed (n = 6). One of the
patients that relapsed had GT 1b with underlying
cirrhosis. The patient was treated with LDV/SOF for
twelve weeks, and had break in therapy of 5 d due to
insurance coverage termination. A second patient with
GT 1a HCV who relapsed was treated with LDV/SOF
for twelve weeks and had advanced cirrhosis and HCC.
A third relapse was seen in a GT 1a cirrhotic African
American patient co-infected with HIV, on efavirenz/
tenofivir/emtricitabine and was being treated for HCV
with LDV/SOF for twelve weeks concomitantly. A fourth
GT 1a relapsed patient with cirrhosis was treated
with LDV/SOF for twelve weeks and reported reusing
diabetic supplies to test blood glucose during the
course of treatment. A fifth patient who relapsed had
GT 2 without cirrhosis, was treatment-naïve, and was
treated with SOF and RBV for twelve weeks with no
additional reported variables. The sixth patient relapse
case was GT 1a with cirrhosis with no additional
reported variables.

Table 2 Baseline demographics n (%)
Total patients
Median Age
Male
Cirrhosis
Treatment Experienced

133 (100)
58
89 (66.9)
47 (35.3)
33 (24.8)

experienced patients over the age of 18 who were at
least twelve weeks post-therapy completion with any
GT or METAVIR score. Adverse events were patientreported during the course of treatment. Adherence
rates were monitored using a patient-reported tablet
count that was recorded during patient follow ups with
the pharmacist as well as the scheduled last day of
treatment.

RESULTS
At the time of analysis, 133 patients had reached
twelve weeks post hyphen therapy with ITT and 130
patients with PP analyses. Baseline demographics are
reported in Table 2. In the ITT analysis, 70 patients
were GT 1a, 26 GT 1b, 23 could not be differentiated
between GT 1a or 1b, 8 GT 2, and 4 GT 3. Two
patients in the undifferentiated GT 1 group had an
infection with a second GT. One patient was GT 1
and 2 and the other patient was GT 1 and 4. Two
patients in the ITT analysis were lost to follow up
after treatment completion. Another patient passed
away from unrelated causes after achieving SVR4. A
total of 33 (24.8%) patients had undergone previous
treatments for hepatitis C. The ITT treatment regimens
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Overall SVR12
Intent to treat
100%

93%

95%
89%

90%

Per protocol
100%

99%

95%

94%

91%

89%

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

124
133
Overall SVR12

Cirrhosis

Non-cirrhosis

Previous treatment Treatment naïve

Figure 2 Overall SVR12 rate was 93% and 95% in patients who had completed the intention-to-treat and per protocol analysis respectively. SVR: Sustained
virologic response.
SVR12 by treatment regimen
Intent to treat
100%

95%

Per protocol
100%

100%

100%

100%

100%

92%

92%

80%

60%

40%

20%

0%

89
97

89
94

LDV/SOF

8
8

8
8

7
7

LDV/SOF + RBV

7
7

6
6

SOF + SMV

6
6

1
1

3D + RBV

1
1

11
12

3D

11
12

SOF + RBV

1
1

1
1

SOF + PEG + RBV

SVR12 by genotype
Intent to treat
100%

94%

96%

96%

96%

Per protocol
100%

100%

92%

88%

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

66
70

66
69

GT 1a

24
26

24
25

GT 1b

22
23

22
23

GT 1a/b

7
8

7
8
GT 2

4
4

4
4

GT 3

Figure 3 Efficacy varied based on specific treatment regimens and genotypes. A: SVR12 by Treatment regimen; B: SVR12 by genotype. SVR: Sustained
virologic respons.
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high at 89% for both PP and ITT cohorts, despite this
patient population generally being more difficult to
treat. Another patient population that achieved notably
high SVR12 rates in our study was the treatmentexperienced cohort with a 100% SVR12 rate for PP
and ITT analyses. This cohort achieved a higher SVR12
rate compared to our treatment-naïve patients of
which 91% in the ITT cohort and 94% in the PP cohort
achieved SVR12. This was an unexpected finding
we cannot explain. This was additionally unexpected
because more patients in the treatment-experienced
cohort were cirrhotic compared to the treatment-naïve
cohort (57.6% and 28.9% cirrhotic, respectively).
SVR12 achievement rates were similar to clinical
trial results based on the specific treatment regimen
as well. Patients who completed LDV/SOF regimens
achieved 95% SVR12 PP (92% ITT) in our study. The
ION-1 study included GT 1 treatment-naïve patients
with or without cirrhosis treated with a fixed-dose
[16]
combination of LDV/SOF with or without RBV .
SVR12 rates were 99% with LDV/SOF. ION-2 included
GT 1 treatment-experienced patients with or without
cirrhosis treated with a fixed-dose combination of LDV/
[18]
SOF with or without RBV . SVR12 rates were 96%
with LDV/SOF. The addition of RBV did not significantly
impact SVR12 rates in our study or in ION-1 or -2;
SVR12 remained high.
The SMV/SOF regimen resulted in 100% SVR12
PP (100% ITT) in our study patients. OPTIMIST-1
and OPTIMIST-2 investigated SMV/SOF among
GT 1 treatment-naïve and treatment-experienced
[19,22]
patients
. Patients without cirrhosis were included
in OPTIMIST-1 and the resulting SVR12 was 97%.
OPTIMIST-2 included patients with cirrhosis and the
SVR12 was 84%. Although only seven patients total
received the SMV/SOF regimen among our study
patients, five out of the seven were cirrhotic. Our
SVR12 rates of 100% were unexpectedly higher than
those seen in the OPTIMIST trials.
Patients who completed the 3D plus RBV regimen
achieved 100% SVR12 PP (100% ITT) in our study.
Two of the six patients were cirrhotic. The SAPPHIRE
Ⅰ and SAPPHIRE Ⅱ clinical trials included patients that
were treatment-naïve and treatment-experienced,
respectively, without cirrhosis treated with 3D plus
[17,23]
RBV for 12 wk. SVR12 was 96% for both studies
.
In the TURQUOISE Ⅱ trial, 92% of treatment-naïve or
experienced patients with cirrhosis who received 3D
[20]
plus RBV for 12 wk achieved SVR12 .
Compared to other real-world analyses of newer
DAA treatments, our response rates are either higher
than or similar to other studies, demonstrating the
effectiveness of our model. A real-world analysis of
treatment-naïve or experienced patients with HCV GT
1 with or without cirrhosis was conducted on patients
in the HCV-TARGET cohort treated with SMV/SOF with
[24]
or without RBV . The overall SVR12 rate for SMV/
SOF without RBV was 85%, which was lower than the
SVR12 of 100% (PP and ITT) seen in our study for

Table 3 Adverse events
Adverse events > 5%

n (%)

Fatigue
Headache
Nausea
Diarrhea
Dyspepsia
Anemia

58 (41.4)
38 (28.6)
24 (18.1)
11 (8.3)
7 (5.3)
7 (5.3)

The majority of patients demonstrated adverse
effects; however, no patients discontinued DAA
therapy prematurely due to adverse effects. The
majority of the side effects reported were fatigue (41%)
or headache (28.6%), most of which were mild to
moderate in severity. A full list of adverse effects with
a prevalence greater than 5% is reported in Table 3.
Drug-drug Interactions were identified in 56.4%
of our patient population, 69 of which required
interventions made by the pharmacist. The most
prevalent drug-drug interaction intervention was
dosing of proton pump inhibitors (PPIs) with LDV
regimens (28.6%). The recommendation was made to
discontinue or decrease the dose of the PPI to 20 mg
omeprazole equivalent to be taken at the exact same
time as the LDV/SOF. If this was not achievable, the
patient was not a candidate for this therapy. Additional
stomach pH related drug-drug interaction interventions
included histamine 2 receptor antagonists (5.3%)
or short acting antacids (9.8%). Other medication
interventions (< 5%) included drug-drug interactions
with phenobarbital, phenytoin, carbamazepine, milk
thistle, St. John’s wort, fluoxetine, clonazepam,
amlodipine, and inhaled corticosteroids.
A total of 79.1% of patients had adherence rates
that were 100% on the treatment algorithm. There
were 17.1% of patients that missed three or less
doses. One patient (0.8%) had more than 3 doses
missed. Additionally, 2.4% of patients were lost to
follow up after treatment without a documented
adherence rate.

DISCUSSION
HCV treatment guidelines emphasize the importance
of addressing adherence, adverse effects, and drug
interactions with HCV regimens as clinically indicated.
However, no specific recommendations are made
regarding follow-up methods. Thus, effective realworld care models need to be identified for the newer
DAA therapies to ensure the best HCV treatment
outcomes are achieved in real-world practice settings.
Our study describes an integrated multidisciplinary
care team model with SVR12 rates comparable to
those seen in controlled clinical trial settings. Overall
SVR12 among patients in the current study was 93%
in the ITT cohort and 95% in the PP cohort. Among
patients with cirrhosis our SVR12 rates remained
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patients who were treated with the SMV/SOF regimen.
A real-world study from Israel included treatmentnaïve or experienced HCV GT 1 patients with stage 3 or
4 fibrosis treated with 3D with or without RBV. Amongst
the patients who completed therapy and retested 12
[25]
wk after completion, SVR12 rates were 97.8% .
Seven patients in our study received treatment with
3D plus RBV and only two were cirrhotic. Our SVR12
rates with this regimen were 100% for both PP and ITT
analyses.
Another real-world effectiveness study from a
large integrated health care system in the United
States enrolled patients with GT 1 infection and
receiving LDV/SOF with or without RBV. Patients were
treatment-naïve or experienced and both cirrhotic and
noncirrhotic. SVR12 for LDV/SOF was 93% in the ITT
[26]
analysis . The overall SVR12 in our study for patients
treated with LDV/SOF was similar at 92% in the ITT
analysis. The addition of RBV did not significantly
impact SVR12 rates in either study.
Six patients in our study relapsed. One patient with
GT 1b and underlying cirrhosis may have relapsed
due to a 5-d break in therapy, another with GT 1a and
cirrhosis was due to reinfection from reusing diabetes
supplies, and one patient with GT 1a and cirrhosis
relapsed for unknown reasons. The other three cases
warrant further discussion. The GT 1a infected patient
with advanced cirrhosis and HCC treated with LDV/SOF
for 12 wk in the current study would also have been
treated with RBV if evidence from the SOLAR-1 and
SOLAR-2 Phase 2 trials were available at the time of
treatment course selection, which may have prevented
the relapse. SOLAR-1 and SOLAR-2 enrolled patients
with HCV GT 1 or 4 with cirrhosis and moderate
to severe hepatic impairment (Child-Pugh class B
and C) with and without a history of previous liver
[27,28]
transplant
. Patients were treated with 12 or 24
wk of a fixed-dose combination of LDV/SOF once daily
plus RBV. SVR12 was 87% in non-transplant patients
treated for 12 wk in SOLAR-1. In SOLAR-2, SVR12 was
approximately 86% after 12 wk of treatment in nontransplant patients with GT 1.
The African American patient with GT 1a, cirrhosis,
and HIV coinfection relapsed after 12 wk of treatment
with LDV/SOF for an undermined reason. A recent
study, ION-4, enrolled patients with HCV GT 1 or 4
coinfected with HIV-1. All patients received a 12-wk,
fixed-dose combination of LDV/SOF for their HCV
[29]
treatment regimen . Thirty-four percent of patients
in this study were black. Black patients had a lower
SVR12 rate than other races (90% vs 99%, P < 0.001).
Of note, 10 of the 335 patients in ION-4 relapsed and
all were black. Seven of the relapsed patients had
the TT allele in the gene encoding IL28B and 8 were
receiving efavirenz as part of their HIV treatment
regimen. Black race and presence of the TT allele were
both significantly associated with relapse in ION-4.
Among black patients in ION-4, 13% relapsed if they
were also taking efavirenz and only 4% relapsed if they
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were taking other antiretroviral regimens. However,
the difference was not found to be significant. It is
possible that the patient in our case possesses the
TT allele; however, we did not test patients in our
study for the presence of this allele. Concomitantly
taking efavirenz could have provoked the relapse
in our patient, even though the role efavirenz plays
in reduced effectiveness of HCV treatment remains
unclear.
The non-cirrhotic, treatment-naive patient with
GT2 who relapsed after being treated with 12 wk of
SOF and RBV was somewhat surprising to us. The
VALENCE trial confirmed that this same regimen is
96.7% effective in naïve, non-cirrhotic patients with
[30]
GT2 . We cannot provide an explanation for why this
particular patient relapsed.
In our study, 130 patients completed the analysis PP
and 133 were in the ITT analysis. The high percentage
of PP patients represents a high engagement between
patient and clinical staff monitoring in our model.
Furthermore, in our model, a high percentage (79.1%)
of patients were 100% adherent on their treatment
regimen and only one patient missed more than three
doses. Other real-world studies looking at adherence
demonstrated about 14% of patients were nonadherent to their treatment regimen and 18% had
[31]
gaps in therapy of greater than 14 d . A second study
reported that 89.3% of patients completed treatment
and 9% were non-adherent to therapy in a real-world
[25]
setting .
The specialty pharmacist in our model identified
drug interactions in 56.4% of patients. Sixty-nine
drug interaction interventions were made with the
most prevalent intervention being PPI dosing changes.
Overall, drugs to lower gastric pH accounted for about
44% of all drug interaction interventions made. A
study from Europe of drug-drug interactions identified
that between 12%-19% of patients being treated
for HCV were taking a drug that was contraindicated
with one or more drugs in their HCV treatment
[32]
regimen . This same study showed that 29%-39% of
patients were on two or more drugs that were either
contraindicated or required additional monitoring or
dose reduction with their HCV regimen. Similarly to our
study, a high percentage (27%-38%) of interacting
[32]
drugs in the Marra et al
study were drugs that
target the gastrointestinal tract. The frequency and
severity of drug-drug interactions with HCV therapies
supports the workflow in our model where a specialty
pharmacist consistently screened all patients for drug
interactions.
Adverse reactions reported by our patients were
consistent with those reported in DAA clinical trials
and real-world experience with fatigue, headache, and
[24]
nausea being the most common . No serious adverse
events were recorded. Drop-out rates due to adverse
effects tend to be low with the newer generation DAAs,
but no patients discontinued treatment for this reason
in our study. One possible reason for this may be due
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90%-100% in clinical trials. The efficacy of DAA therapy is directly proportional
to the adherence to these agents. Traditional disconnected models between the
provider and pharmacy have demonstrated diminished adherence, ineffective
drug interaction management, and lower SVR outcomes compared to those
seen in the clinical trials. In order to maximize the benefits of these high cost
medications, our health system created an integrated care model between the
clinic and pharmacy to maximize benefits of DAA therapy.

to close follow-up by the pharmacist on adverse effects
and management strategies.
Our study had some notable limitations. A major
limitation is the lack of a control group to allow a
statistical comparison of the effectiveness of our
integrated model compared to a non-integrated model.
Only qualitative comparisons to clinical trial data
and other real-world data could be made. A second
limitation is that this is a single-center study and
results may not be generalizable to patient populations
with different demographics. The population at our site
is primarily Caucasian and insured. A third limitation
is that the methodology of fibrosis determination was
not standardized in our protocol. A fourth limitation
was that adherence was self-reported by patients
via tablet counts. There are inherent limitations with
using patient-reported information in a study. The high
adherence rates reported in our study likely reflected
reality as shown by the high rates of SVR12 in our
patients.
The results of this study have demonstrated the
need to continue to manage patients using the inte
grated care model in our current practice. However,
the limitations of this study have showed that future
research is needed to find causation for patients that
relapsed on DAAs. In the scope of our practice, follow
up studies will be pursued to assess the impact of
adherence and how new technology may assist in
increasing adherence to therapy. Additionally, future
studies at our practice will analyze if there is correlation
of NS5A resistance associated variants and treatment
efficacy in our patient population. Furthermore, addi
tional focus will be put on the financial savings that
the integrated care model has on the system and the
patient.
In conclusion, there is a scarcity of published trials
that describe real-world integrated care models for
successful treatment of patients with the newer DAA
HCV therapies. Dean Health System’s integrated
care model helped successfully manage the patients
being treated for HCV. The results of our study
demonstrated favorable outcomes despite not being
able to statistically compare across other studies. The
integrated care model demonstrates high SVR rates
amongst patients with different levels of fibrosis,
genotypes, and HCV treatment history. The integrated
care model assisted in catching and evading potential
drug interactions that may have impacted treatment
efficacy and tolerability. Overall, the evidence from this
retrospective analysis demonstrates the benefits and
value of treating HCV patients in an integrated care
delivery model.

Research frontiers

The adherence to DAA therapy and their efficacy are typically lower in less
monitored environments models as shown in a few prior real world reports
compared to controlled clinical trials. The results of the present study suggest
our health system’s integrated model reflects SVR outcomes similar to those in
clinical trial data.

Innovations and breakthroughs

In this study, the model was a useful tool for improving adherence rates and
achieving 100% SVR12 for cirrhotic and non-cirrhotic patients on 3D plus
RBV regimen. In previous 3D plus RBV clinical trials cirrhotic and non-cirrhotic
patients treated showed lower SVR12 rates of up to 96%. Compared to other
real-world analyses of newer DAA treatments, the response rates were either
higher than or similar to other studies, demonstrating the effectiveness of this
model.

Applications

The authors integrated care model between clinic staff and pharmacy
helped better manage the HCV patients. This model demonstrated
high cure rates, maximized adherence, and aversion of a high volume of

potential drug interactions that may have impacted treatment efficacy and
tolerability. Future research is needed to find causation for patients that
relapsed on DAAs and follow-up studies will be pursued to assess the impact
of adherence and how new technology may assist in increasing adherence to
therapy.

Terminology

Integrated care model: Worldwide trend in health care reforms and new
organizational arrangements focusing on more systematic coordination and
integrated forms of care provision. Integrated care may be seen as a response
to the fragmented delivery of health services. Medication adherence: the extent
to which patients take medications as prescribed by their health care providers.
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AIM
To identify risk factors for P1 lesions on small bowel
capsule endoscopy (SBCE) and to describe the natural
history of anemic patients with such type of lesions.
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METHODS
One hundred patients were consecutively selected for a
case-control analysis performed between 37 cases with
P1 lesions and 63 controls with negative SBCE. Age,
gender, comorbidities and regular medication were
collected. Rebleeding, further investigational studies
and death were also analyzed during the follow-up.
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RESULTS
No significant differences on gender, median age or
Charlson index were found between groups. Although
no differences were found on the use of proton
pump inhibitors, acetylsalicylic acid, anticoagulants
or antiplatelet agents, the use of non-steroidal antiinflammatory drugs (NSAID) was associated with
a higher risk of P1 lesions (OR = 12.00, 95%CI:
1.38-104.1). From the 87 patients followed at our
center, 39 were submitted to additional studies for
investigation of iron-deficiency anemia (IDA), and this
was significantly more common in those patients with
no findings on SBCE (53.7% vs 30.3%, P = 0.033). A
total of 29 patients had at least one rebleeding or IDA
recurrence episode and 9 patients died of non-anemia
related causes but no differences were found between
cases and controls.
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CONCLUSION
P1 lesions are commonly found in patients with IDA
submitted to SBCE. The use of NSAID seems to be a
risk factor for P1 lesions. The outcomes of patients with
P1 lesions do not differ significantly from those with P0
lesions or normal SBCE.

assisted enteroscopy, in the setting of normal upper
and lower GI tract, the study of small bowel should be
strongly considered. In fact, in these patients, about
75% of them will have a potentially bleeding lesion in
[3]
the small bowel which can explain IDA . Due to its
wide availability, patient acceptance and safety, SBCE
is recommended by current guidelines as a first-line
examination, before consideration of other diagnostic
[2]
modalities .
The diagnostic yield of SBCE in patients with IDA
is variable among studies, but has been reported to
[4]
be as high as 66% . Although SBCE may identify
different lesions, IDA cannot be equally attributable to
all of them. There are certainly some lesions such as
angioectasias or tumours, whose bleeding potential is
greater than that of scarce red spots, submucosal veins
[5]
or small bowel diverticula. Saurin et al proposed
a classification of lesions in 3 groups according to
their bleeding potential: P0 lesions included visible
submucosal veins, diverticula without the presence
of blood, or nodules without mucosal breaks, which
are believed to have no bleeding potential; P1 lesions,
such as red spots on the intestinal mucosa or small or
isolated erosions, were regarded as having uncertain
hemorrhagic potential; and P2 lesions are those con
sidered to have a high potential for bleeding, and
include angioectasia, ulcers, tumours or varices. While
several studies have focused on the clinical significance
[6,7]
of P2 lesions and their risk factors , little is known
about P1 lesions. What are the characteristics of
patients with P1 lesions? Are there any risk factors
for these lesions? What is the IDA recurrence rate
of patients with P1 lesions? What should be the best
approach in patients with IDA and P1 lesions found on
SBCE? These were some unanswered questions that
warranted further investigation.
Therefore, the present study was designed to
better characterize patients with P1 lesions, namely
their natural history, to identify risk factors for their
presence in the small bowel of patients examined by
SBCE, and to propose a stepwise approach to these
patients.

Key words: P1 lesions; Iron-deficiency anemia; Small
bowel capsule endoscopy; Risk factors; Rebleeding
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Despite the high diagnostic yield of small
bowel capsule endoscopy (SBCE) in the study of irondeficiency anemia (IDA), the clinical relevance and
bleeding potential of findings such as red spots or
mucosal erosions (P1 lesions) remain uncertain. We
found that P1 lesions were commonly found in the
SBCE of patients with IDA and their presence was
associated with non-steroidal anti-inflammatory drugs
use. The outcomes of patients with P1 lesions do
not differ significantly from those with P0 lesions or
normal SBCE. An algorithm with a stepwise approach
to the patients with IDA who are submitted to SBCE is
proposed.
Cúrdia Gonçalves T, Barbosa M, Rosa B, Moreira MJ, Cotter J.
Uncovering the uncertainty: Risk factors and clinical relevance of
P1 lesions on small bowel capsule endoscopy of anemic patients.
World J Gastroenterol 2016; 22(38): 8568-8575 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i38/8568.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i38.8568

INTRODUCTION
Iron-deficiency anemia (IDA) is a highly common
medical condition occurring in 2%-5% of adult men
[1]
and postmenopausal women in developed countries .
These patients are often referred to gastroenterologists,
[1]
accounting for up to 13% of all referrals . Except for
premenopausal women in whom the menstrual blood
loss is the commonest cause of IDA, blood loss from the
gastrointestinal (GI) tract is the most frequent reason
for developing IDA. Consequently, the study of the GI
tract is the cornerstone in the initial approach of these
patients. While upper endoscopy and colonoscopy may
reveal the causative lesion in 70%-80% of patients,
there is still a reasonable proportion of patients in
[2]
which these procedures will be unrevealing .
Recent guidelines on IDA recommend an empirical
trial of iron supplementation before the study of
[1]
small bowel . Nonetheless, this strategy may delay
a definitive diagnosis, which may be unacceptable in
some subgroups of patients, particularly those with
other associated GI symptoms. With the advent of
small bowel capsule endoscopy (SBCE) and device-
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MATERIALS AND METHODS
Study design

This was a single-center, retrospective case-control
study. All the 222 patients referred to our center for
the investigation of IDA between September 2008
and August 2013 were reviewed. Anemia was defined
according to the World Health Organization criteria, i.e.
hemoglobin level of < 12 g/dL in nonpregnant women
[1]
and < 13 g/dL in men , while IDA was defined when
the previous hemoglobin values were associated with
[8]
a ferritin level of < 15 μg/L . Premenopausal women
were cautiously observed by a gynecologist and
gynecologic causes for IDA were ruled out previous
to SBCE referral. Patients with IDA and P1 lesions on
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A

B

C

D

Figure 1 P1 lesions found on small bowel capsule endoscopy findings. A: isolated erosion; B: Isolated erosion; C: Red spot; D: Red spot.

SBCE were considered cases, while those patients with
P0 lesions or negative examinations were included
in the control group. Patients with P2 lesions were
excluded of study analysis. Data from each patient
was collected by reviewing medical records and
included demographic data such as age and gender, as
well as clinical data namely comorbidities and regular
medications. The burden of comorbidities was assessed
[9]
using the Charlson Comorbidity Index . This index
estimates the risk of death due to comorbid disease,
and includes a total of 22 variables, scored 1, 2, 3 or
6, depending on the risk of dying associated with each
[9]
one . Relevant medication for analysis included proton
pump inhibitors (PPIs), acetylsalicylic acid and other
antiplatelet agents, anticoagulants, and non-steroidal
anti-inflammatory drugs (NSAIDs). During the follow-up
period, the performance of additional diagnostic exams
for the study of IDA, IDA recurrence and death were
assessed. IDA recurrence was consistently defined as
hospitalization due to symptomatic anemia, decrease
of > 2 g/dL in the hemoglobin value, transfusion of
red blood cells, or melena or hematochezia with nondiagnostic upper endoscopy and colonoscopy, occur
ring > 30 d after the initial episode. This study was
approved by the local Ethical Committee.

Yoqneam, Israel) with a simethicone solution to
[10]
reduce bubble formation as previously reported . No
other specific small bowel preparation was used. To
minimize the possibility of incomplete examination,
capsule location was assessed using the Real Time
Viewer System one hour after the beginning of the
exam, and if it was still in the gastric cavity, 10 mg
[11]
of domperidone were given to the patient . Patients
were allowed to drink clear fluids 2 h after the passage
of the capsule to the stomach and to have a light
snack 4 h from the beginning of the examination. Each
SBCE video was analyzed by two SBCE experts (with
experience of reporting more than 500 SBCE) at a
speed of 12 frames per second. When no consensus
was reached regarding the SBCE findings, the video
was simultaneously reviewed by both experts so no
discrepancy remained. No cases of capsule retention
or aspiration were observed.

SBCE findings

The SBCE findings were classified according to the
[5]
system reported by Saurin et al , which divides
the small bowel lesions in three distinct groups:
angioectasias, varices, ulcerations and tumours
represent P2 lesions; red spots and small or isolated
erosions are considered P1 lesions; submucosal veins,
diverticula and nodules are included in the P0 lesions
group. When none of these findings were found, the
SBCE examination was considered negative. Examples
of some P1 lesions found on SBCE are shown in Figure 1.

SBCE procedure

After a clear liquid diet in the previous day and a 12 h
fasting period, patients were instructed to swallow
the capsule (PillCam SB2 or SB3, Given Imaging,
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no differences were found between groups in the
consumption of PPI, acetylsalicylic acid, other anti
platelet agents or anticoagulants. Contrarily, the use
of NSAID was significantly higher in patients with
IDA and P1 lesions (P = 0.01, OR = 12.0, 95%CI:
1.38-104.1).

Table 1 Demographic and clinical characteristics of patients
Characteristic, n (%)
Age, mean ± SD
Female gender
Mean Comorbidity
Charlson Index,
mean ± SD
PPI
Acetylsalicylic acid
Other antiplatelet
agents
Anticoagulants
NSAID

Cases (n = 37) Controls (n = 63) P value
57.2 ± 15.6
29 (78.4)
4.1 ± 2.8

55.4 ± 19.5
46 (73.0)
3.9 ± 3.2

0.609
0.55
0.612

8 (21.6)
15 (40.5)
5 (13.5)

17 (27.0)
14 (22.2)
12 (19.0)

1.000
0.051
0.477

9 (24.3)
6 (16.2)

8 (12.7)
1 (1.6)

0.135
0.01

Patients’ follow-up

While 13 patients had follow-up intervals shorter than
12 mo and were excluded from this subanalysis, the
remaining 87 patients had longer follow-up periods.
Globally, the mean follow-up interval was 34.0 ± 16.6
mo (range from 12 to 72 mo). Data related to follow-up
of cases and controls, namely its duration, submission
to further diagnostic modalities, IDA recurrence and
death are presented in Table 2. Thirty-three cases
(37.9%) and 54 controls (62.1%) had a follow-up
longer than 12 mo. No significant differences were
found in the duration of follow-up between groups. The
strategy of requiring further diagnostic modalities was
significantly more common in the control group (P =
0.033). In general, in the sum of 39 cases and controls
submitted to further examinations, a total of 33 upper
endoscopies, 37 colonoscopies, 2 SBCE, and 3 99-mTc
labeled red-blood cell scintigraphies were performed.
Despite a final diagnosis could not be established in 31
(75.8%) patients, a definitive diagnosis was reached
in the remaining: 4 patients had colonic angioectasia,
1 patient had Cameron’s lesions, 1 patient had gastric
antral vascular ectasia, 1 patient had a duodenal
angioectasia, and 1 patient had a benign gastric ulcer.
During the follow-up, a total of 29 patients (9 cases
and 20 controls) had rebleeding, but no significant
differences were found in the rebleeding rate between
groups. The mean interval time between SBCE and the
rebleeding episode was 17.8 mo. A total of 9 patients (4
cases and 5 controls) died during the follow-up. In all of
them the cause of death was not directly attributed to
IDA: 3 patients died of sepsis, 2 of terminal cirrhosis, 1
of terminal chronic kidney disease, 1 of terminal heart
failure, 1 had hemorrhagic stroke, and 1 had malignant
mesothelioma.

PPI: Proton pump inhibitors; NSAID: Non-steroidal anti-inflammatory
drugs.

Table 2 Follow-up characterization
Characteristic, n (%)

Cases (n = 33) Controls (n = 54) P value

Follow-up duration,
mean ± SD
Further diagnostic
examinations
IDA recurrence
Death

31.7 ± 17.2

38.2 ± 15.9

0.075

10 (30.3)

29 (53.7)

0.033

9 (21.6)
4 (12.1)

20 (37.0)
5 (9.3)

0.349
0.725

IDA: Iron-deficiency anemia.

Statistical analysis

Quantitative data was expressed as mean ± standard
deviation. Univariate analysis was performed using
the Student’s t test for continuous variables and the
χ2 or Fisher’s exact test for categorical variables. A P
value of < 0.05 was considered to denote statistical
significance. Statistical analysis was performed using
the IBM SPSS Statistics for Windows version 20.0
(Armonk, New York, Unites States).

RESULTS
Patients’ characteristics

Out of the 222 patients referred to our center for SBCE
for the study of IDA from September 2008 until August
2013, 122 had P2 lesions on examination and were
excluded from the final analysis. From the remaining
100 patients, 37 were found to have P1 lesions on
small bowel (29 had small or isolated erosions, and 8
had red spots) and were included in the case group,
while 63 had P0 lesions or negative examinations and
were regarded as controls. The baseline characteristics
of the analyzed patients are summarized in Table
1. Concerning demographic characteristics, namely
mean age and gender, no significant differences were
found between cases and controls. P1 lesions were
not associated with a heavier burden of comorbidities
as shown by the absence of significant differences
in the mean Comorbidity Charlson Index between
cases and controls. Regarding the regular medication,
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DISCUSSION
The role of SBCE in the study of IDA is currently
unquestionable, as shown in different international
[2,12]
guidelines
. Despite lacking the potential for
therapeutic intervention, due to its safety, acceptance,
availability, and diagnostic yield, SBCE is nowadays a
first-line procedure for the study of small bowel causes
for IDA. The type of lesions that can be found in
patients with IDA submitted to SBCE is highly variable
and include angioectasia, small bowel tumours, villous
[13-15]
atrophy, ulcers, erosions, strictures, varices
. As
the bleeding potential is not the same for all types of
lesions, there was a need to classify them according
their hemorrhagic potential. The most widely accepted

8571

October 14, 2016|Volume 22|Issue 38|

Cúrdia Gonçalves T et al . P1 lesions in anemic patients
[5]

classification system is the one proposed by Saurin et al .
P2 lesions are known to have a high bleeding
potential, with some studies reporting a rebleeding
[16]
rate of up to 36.8% . Different studies have also
reported several factors that are associated with P2
lesions on SBCE of patients with IDA, namely NSAID
and antiplatelet use, higher transfusion requirements,
moderate to severe chronic kidney disease, older
age, hypertension, hypercholesterolemia, and antico
[6,7,17,18]
agulants
.
While the natural history and risk factors for P2
lesions are relatively well established, the presence
of P1 lesions on the SBCE of patients with IDA and
its associated uncertainty may pose serious concerns
regarding the best management in this clinical
scenario.
Regarding the features of patients presenting with
P1 lesions, we found that although women were more
commonly submitted to SBCE for the study of IDA, P1
lesions had no gender predominance. The mean age
of patients in both cases and controls was in the sixth
decade of life, reflecting the increasing prevalence of
[19]
IDA in people older than 50 years old . However,
unlike P2 lesions which seem to be more common
in older patients, the presence of P1 lesions does
not seem to be influenced by age. It is well known
that several conditions such as ischemia, collagen
vascular diseases, metabolic disorders or systemic
inflammatory diseases may be associated with small
bowel mucosal damage. In this study we aimed to
investigate if any particular condition or a higher
comorbidity burden as a whole were responsible for
P1 lesions found on SBCE. We found that neither any
of the 22 conditions contemplated in the Charlson
Comorbidity Index nor the mean Charlson Comorbidity
Index value were significantly more common in the
case group. Many drugs like NSAID, corticosteroids,
digoxin, ferrous salts, immunosuppressors, or entericcoated potassium have been also linked to small bowel
lesions. From the analyzed medication, we found
that only NSAID chronic use was significantly more
common in patients with P1 lesions and IDA, being
associated with a 12 fold increased risk. In fact, it has
been reported that up to 75% of NSAID users will have
some degree of small bowel mucosal damage, which
[20,21]
can lead to anemia or protein loss
. The proposed
mechanism is an increased mucosal permeability
induced by NSAID which may lead to inflammation
that manifests subsequently as reddened, edematous
folds, and areas of denuded villi, petechiae, erosions
[22]
and ulcers . We had also particular interest in assess
the potential association between the use of PPI and
P1 lesions. While the gastroprotective effect of PPI is
well established, being mediated not only by their antisecretory properties, but also by inhibition of neutrophil
[23]
functions and antioxidant actions , the effect of PPI
in small bowel mucosa is still poorly understood. Some
authors advocate that PPI may not be able to repair
NSAID-induced small bowel mucosal damage in part

WJG|www.wjgnet.com

because of significant lesion in mechanical barrier
[24]
function and reduction in epidermal growth factor .
Others argue that PPI therapy may even worsen the
NSAID-induced injury due to their ability to affect
[25]
enteric microbial populations . We found no relation
between the use of PPI and P1 lesions.
We aimed to characterize the natural history of
patients with IDA and P1 lesions on SBCE. According
to our results, the mean follow-up time did not differ
significantly between cases and controls, suggesting
that the presence of P1 lesions on SBCE do not
influence the decision to keep the patients under
regular surveillance. Regarding IDA recurrence, we
found that although no significant differences were
found between groups it occurred in about a fifth of
patients with P1 lesions and in about a third of patients
with P0 lesions or negative SBCE, which is conformable
[26]
with our previously published results . In fact, it is
now known that patients with a negative SBCE (that
includes in most studies patients with P1 and P0
lesions) may still be at risk of rebleeding, which can
[27]
be as high as 50% . Until definitive guidelines about
this topic are published, the approach to patients
without P2 lesions on SBCE is left to case-by-case
decision, but generally relies on one of two strategies:
submitting patients to more examinations either to
further explore potentially bleeding causes in the GI
tract or alternative causes for IDA, or instead assume
a “wait and see” policy. In our series, despite a final
diagnosis was reached only in a minority of patients
who were further studied, the causative lesion for
IDA was within reach of conventional upper and lower
endoscopic examinations in all of them, a possibility
[28,29]
that have been well established in other studies
.
We verified that the number of patients submitted to
further diagnostic testing during the follow-up was
significantly higher when P0 lesions or no lesions were
found on small bowel CE, which means that P1 lesions
were often interpreted as lesions that could justify
patient’s anemia, not requiring further investigation.
As it was our intention, and according to the pre
sented results, we propose in Figure 2 an algorithm
with a stepwise approach to the patients with IDA who
are submitted to SBCE. Upon the performance of SBCE
for the study of IDA, patients should be classified in
one of the 3 groups according to the SBCE findings.
On one hand, patients with P2 lesions should receive
medical, endoscopic or surgical therapy directed to
the specific finding. Additionally, these patients should
discontinue NSAID and have their indications for
antiplatelets and anticoagulants reassessed as they
may be associated with continuous mucosal damage
and rebleeding. On the other hand, patients with P1
lesions should be encouraged to stop NSAID use as
they are associated with a 12 fold increased risk of
small bowel mucosal damage, potentially leading
to IDA and protein loss. Independently of the SBCE
findings, and as the risk of IDA recurrence is not
negligible even in patients with P0 lesions or a negative
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IDA and SBCE

P2 lesions

P1 lesions

Treat + Stop NSAID

Stop NSAID

P0 lesions or negative
SBCE

Regular surveillance of rebleeding/IDA recurrence for 2 yr

Rebleeding/IDA recurrence

No rebleeding/IDA recurrence

Discharge

Seek for other causes of IDA ± repeat upper endoscopy/colonoscopy

Figure 2 Approach to patients with iron-deficiency anemia submitted to small bowel capsule endoscopy. IDA: Iron-deficiency anemia; SBCE: Small bowel
capsule endoscopy; NSAID: Non-steroidal anti-inflammatory drug.

small bowel CE, patients should receive regular
surveillance for rebleeding or IDA recurrence during
2 years without advancing immediately to further
investigations. The definition of a 2-year surveillance
period is somehow arbitrary, but is in accordance
with the current evidence which suggests that most
patients will rebleed within the first 2 years after the
[26]
index event . If rebleeding or IDA recurrence do
not occur during the proposed 2-year period, patients
may be discharged from the Gastroenterology Clinic.
However, if the patient rebleeds or presents recurrent
IDA anytime during the follow-up interval, further
investigation is suggested. Investigation of alternative
causes of IDA such as malnutrition, haematological
diseases, chronic liver or renal disease should be
thoroughly seek. At this point, if GI bleeding is
still strongly suspected, repeat conventional upper
endoscopy and colonoscopy may prove valuable as
they are cheaper, safer, readily available, and can
identify a definitive diagnosis, if not in all, in the great
majority of patients. Only when upper endoscopy
and colonoscopy are negative, should patients be
submitted to other diagnostic modalities such as
device-assisted enteroscopy, computed tomography
enterography or magnetic resonance enterography.
In conclusion, P1 lesions are commonly found in the
SBCE of patients with IDA, particularly after the fifth
decade of life. Their presence is associated with NSAID
use and may in some cases represent a subtle form
of NSAID enteropathy. The outcomes of patients with
P1 lesions do not differ significantly from those with
P0 lesions or normal SBCE, but keeping these patients
under regular surveillance for at least 2 years seems
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to be a prudent approach. Although immediate further
investigation after SBCE may not be warranted for all
patients, at least those with recurrent IDA should be
investigated for alternative non-gastrointestinal causes
of IDA, as P1 lesions in the small bowel seem to have
little or no clinical relevance.

COMMENTS
COMMENTS
Background

Small bowel capsule endoscopy (SBCE) remains a crucial diagnostic instrument
for the study of iron-deficiency anemia (IDA). Despite its high diagnostic yield,
the clinical relevance and bleeding potential of findings such as red spots or
isolated mucosal erosions (P1 lesions) remain uncertain.

Research frontiers

The present study was designed to better characterize patients with P1 lesions,
namely their natural history, to identify risk factors for their presence in the small
bowel of patients examined by SBCE, and to propose a stepwise approach to
these patients.

Innovations and breakthroughs

P1 lesions are commonly found in the SBCE of patients with IDA, particularly
after the fifth decade of life. Their presence is associated with non-steroidal
anti-inflammatory drugs (NSAIDs) use and may in some cases represent a
subtle form of NSAID enteropathy. The outcomes of patients with P1 lesions
do not differ significantly from those with P0 lesions or normal SBCE. Although
immediate further investigation after SBCE may not be warranted for all
patients, at least those with recurrent IDA should be investigated for alternative
non-gastrointestinal causes of IDA, as P1 lesions in the small bowel seem to
have little or no clinical relevance.

Applications

An algorithm with a stepwise approach to the patients with IDA who are
submitted to SBCE is proposed.
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Terminology

SBCE findings can be classified in 3 groups of lesions according to their
bleeding potential: P0 lesions included visible submucosal veins, diverticula
without the presence of blood, or nodules without mucosal breaks, which
are believed to have no bleeding potential; P1 lesions, such as red spots on
the intestinal mucosa or small or isolated erosions, were regarded as having
uncertain hemorrhagic potential; and P2 lesions are those considered to have a
high potential for bleeding, and include angioectasia, ulcers, tumours or varices.
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All to many times researchers are faced with the challenge of how to interpret
the significance of a red spot seen on wireless capsule endoscopy but there
is a dearth of literature on advising the risk of a rebleeding or how to properly
manage the patient. When controlling for the Charleston index, the use of
NSIADs appeared to be associated with a higher risk of P1 lesions translating
to a 12 fold increased risk. Interestingly, P1 lesions did not have a higher
risk of rebleeding whereas P2 lesions have a 36.8% rate. Moreover, from
a management perspective, this study enlightens our awareness regarding
NSAID use and its relationship to possible rebleeding risk. The algorithm was
by the authors also presented very interesting.
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Abstract
AIM
To identify a small, clinically applicable immunohisto
chemistry (IHC) panel that could be combined with
magnetic resonance imaging (MRI)-detected extramural
vascular invasion (EMVI) for assessment of prognosis
concerning the non-advanced rectal cancer patients
prior to operation.

Informed consent statement: The authors of this paper
guarantee that all study participants or their legal guardian
provided informed written consent about personal and medical
data collection prior to study enrolment.
Conflict-of-interest statement: The authors have no financial
relationships to disclose.
Data sharing statement: No additional data are available.

METHODS
About 329 patients with pathologically confirmed rectal
carcinoma (RC) were screened in this research, all
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of whom had been examined via an MRI and were
treatment-naïve from July 2011 to July 2014. The
candidate proteins that were reported to be altered
by RC were examined in tissues by IHC. All chosen
samples were adopted from the fundamental cores of
histopathologically confirmed carcinomas during the
initial surgeries.

INTRODUCTION
The transanal approach may be used to effectively
excise rectal carcinoma (RC), which is usually found in
the lower part of the rectum. Transanal excision of RCs,
however, may be associated with poor locoregional
[1,2]
control
.Therefore, accuracy of preoperative staging
is vital in modern rectal cancer management. Magnetic
resonance imaging (MRI) to determine the stage of
rectal cancer has been shown to be accurate and
[3,4]
reproducible . MRI enables planning for primary
tumor resection.
Recent development in MRI provides the distingui
shment of extramural vascular invasion (EMVI) prior
[5]
to surgery being performed . EMVI is described as
blood vessels invaded by malignant cells surpassing
[6]
[7]
the muscularis propria of rectal cancer . Chand et al
[6]
showed that EMVI leads to worse survival outcomes .
However, the survival rates of patients with an EMVIpositive histology varies dramatically, which suggests
that this factor does not relate to each individual tumor
in terms of the biology or molecular features.
The ideal staging system will evolve from the
consideration of them and the correlation of the
[8,9]
prognosis with patient-specific tumor biomarkers .
Based on previous studies, we hypothesized that
the combination of imaging evidence of EMVI and
biomolecular factors could provide additional predictive
value in clinical practice, especially for non-advanced
cancer patients.
In this study, three candidate proteins were
screened in paraffin-embedded tissue samples via
immunohistochemistry (IHC). When combined with
MRI-detected EMVI, this panel could help clinicians
determine the prognosis for patients with RC without
regional lymph node involvement and distant meta
stasis.

RESULTS
Of the three proteins that were tested, c-MYC, PCNA
and TIMP1 were detected with relatively significant
expression in tumors, 35.9%, 23.7% and 58.7% respe
ctively. The expression of the three proteins were
closely connected with prognosis (P = 0.032, 0.003,
0.021). The patients could be classified into different
outcome groups according to an IHC panel (P < 0.01)
via these three proteins. Taking into consideration
known survival covariates, especially EMVI, the IHC
panel served as an independent prognostic factor. The
EMVI combined with the IHC panel could categorize
patients into different prognostic groups with distinction
(P < 0.01).
CONCLUSION
These studies argue that this three-protein panel of
c-MYC, PCNA, coupled with TIMP1 combined with MRIdetected EMVI could offer extra prognostic details for
preoperative treatment of RC.
Key words: Rectal cancer; Magnetic resonance imaging;
Prognosis; Immunohistochemistry; Extramural vascular
invasion
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Magnetic resonance imaging (MRI) to
determine the stage of rectal cancer has been shown
to be accurate and reproducible. The patients who
showed MRI-detected extramural vascular invasion
(EMVI) positivity had worse survival outcomes than
those with EMVI negativity. However, the survival
rates of patients with an EMVI-positive histology varies
dramatically, which suggests that this factor does not
relate to each individual tumor in terms of the biology
or molecular features. The ideal staging system evolves
from the consideration of them and the correlation of
the prognosis with patient-specific tumor biomarkers.
In this study, we hypothesized that the combination
of imaging evidence of EMVI and biomolecular factors
could provide additional predictive value in clinical
practice, especially for non-advanced cancer patients.

MATERIALS AND METHODS
Patients and tissue specimens

This study was approved by the institutional review
board of Harbin Medical University, and consent
was obtained from all of the patients in written
form. Patients with pathologically confirmed rectal
adenocarcinoma who were treatment-naïve were
screened in this research, and were examined through
preoperative rectal MRI at the Second Afflict Hospital
of Harbin Medical University from July 2011 to July
2014. Patients who were found to have a synchronous
regional lymph node and/or distant metastases at
the initial staging were excluded from the study. All
chosen samples were adopted from the crucial cores
of histopathologically confirmed carcinomas during the
initial surgeries. Two pathologists performed diagnosis
on all of the lesions and the findings were reviewed by
an expert colorectal cancer pathologist independently;
additionally, the stage of tumor was determined
according to the system of the International Union

Li XF, Jiang Z, Gao Y, Li CX, Shen BZ. Combination of threegene immunohistochemical panel and magnetic resonance
imaging-detected extramural vascular invasion to assess
prognosis in non-advanced rectal cancer patients. World J
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Against Cancer.

was performed using the 2-step Envision Method
(DAKO, Denmark) abiding by the manufacturer’s
instructions, and visualized with 3,3 9-diaminobenzidine
tetrachloride (Sigma, United States). Negative controls
were slides with no primary antibodies.
Cytoplasm and membrane staining were men
surated for the TIMP1 antibody, and c-MYC and PCNA
staining showed nuclear localization. Two pathologists
counted the positive cells. The scores of the results
according to the immunohistochemical staining were
obtained with the examiners being completely ignorant
of any information related to the patient’s clinical data.
When it comes to clinicopathological association, the
researchers applied a 4-tiered scoring system (negative
to 3+), taking into consideration the proportion of
positive cells and staining intensity as represented
[11]
before .

MRI protocol

The MRI examination of patients with RC was carried
out using a 3.0 T Philips Achieva TX (Philips Medical
Systems, Holland) system with an 8-channel body
phased array coil. Each rectal magnetic resonance
examination was performed as follows: To decrease
the colonic motility, an intramuscular injection of 20 mg
of scopolamine butylbromide (Buscopan; Boehringer
Ingelheim, Germany) was administered prior to the
MRI. Approximately 100-120 mL of saline was rectally
administered using an enema syringe. High-resolution
magnetic resonance images were obtained, including
high-resolution oblique axial T2-weighted turbo spinecho, oblique coronal T2-weighted turbo spin-echo
and sagittal T2-weighted turbo spin-echo coupled with
the following parameters: TE (echo time) 81 ms-185
ms, TR (repetition time) 3900-5600 ms, thickness of
3 mm, spacing of 3 mm, matrix of 256 × 256 to 320
× 320, field of view of 250 × 250 to 199 × 199, and
echo train length of 17-35.

Statistical analysis

The statistical analyses were carried out via the SPSS
software program (standard version 19.0; SPSS,
United States). The distinctions between groups
were determined according to the Mann-Whitney
U test or the Kruskal-Wallis H test. The correlation
among categorical data underwent statistical analysis
2
using the χ test. Kaplan-Meier curves resulted from
the log-rank test for survival analyses. The clinical
end point in the research, the period from cancer
confirmed to death starting at RC or last contact,
was overall survival. Multivariate Cox proportional
hazards regression analysis served in the detection of
independent prognosticators, which had a conspicuous
influence on patient survival. A difference was
regarded to be significant under the condition that the
P-value was less than 0.05.

Image analysis

All magnetic resonance images required at least
three abdominal radiologists to analyze the images
separately with no clinical information about the
patients. The MRI analysis involved tumor morphology,
the presence of EMVI, circumferential resection
margin, lymph node involvement and tumor stage.
The EMVI grading score was adopted from the system
[10]
proposed by Smith et al . According to this scoring
system, scores of 0 to 2 were defined as EMVInegative disease, and scores of 3 and 4 corresponded
to EMVI-positive disease. A score of 3 EMVI included a
tumor with a vein that did not change its contour and
may have only slightly expanded the vessel. A score of
4 EMVI described an irregularly expanded vein, which
indicated the vessel wall was invaded. To achieve a
consensus agreement, EMVI negative cases were reevaluated together by three abdominal radiologists.

RESULTS
Characteristics of the study population

A total of 329 RC specimens were collected from
patients who underwent an operation. The median
patient age was 62 years (range, 21-82 years), and
the subjects included 122 (37.1%) females and
207 (62.9%) males. All patients underwent curative
resection with tumor-free margins. Among all patients,
99 underwent adjuvant chemotherapy. All tumors
were histologically diagnosed, graded, and grouped
as lowly and moderately differentiated (n = 319) or
highly differentiated (n = 10). The follow-up interval
ranged from 1 to 58 mo from the date of diagnosis.

IHC

To select the study samples, we employed a usual
histological categorization according to the WHO
classification of tumors. A 3-tiered histological grading
system played an important role in this research. The
tumor-node-metastasis stage was evaluated, based on
the guideline of the 2002 International Union Against
Cancer classification. Monoclonal mouse anti-human
c-MYC, PCNA and TIMP-1 antibodies were introduced
from Santa Cruz Biotechnology (United States). The
slides were deparaffinized, rehydrated, immersed in
3% hydrogen peroxide solution for 10 min, heated in
citrate buffer (pH 6.0) for 25 min at 95 ℃, and cooled
for 60 min at room temperature. The slides were
washed with PBS (pH 7.4) between each incubation
step. Then, the slides were incubated separately with
the primary antibodies. Immunoperoxidase staining

WJG|www.wjgnet.com

MRI findings

There were 53 cases (16.1%) of EMVI-positive RCs
on the initial preoperative MRI scans. Of them, 30
patients (56.6%) had an EMVI score of 3, and 23
patients (43.4%) had an EMVI score of 4. Score 3 MRIdetected EMVI only occurred in small vessels. Score 4
was only observed in medium and large vessels, which
[12]
was consistent with previous findings .
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Better prognosis

Poor prognosis

EMVI

c-MYC

PCNA

TIMP1

Figure 1 Representative examples of extramural vascular invasion and immunohistochemistry images in distinct prognostic groups. Overexpression of
c-MYC and TIMP1 is a marker of better prognosis, whereas PCNA is a marker of poor prognosis, which was consistent with known biological roles.

Relationships between protein expression and
clinicopathologic characteristics

observed. Immunostaining of the three proteins was
low in some samples but strong in others. Repre
sentative examples of IHC expression of TIMP1, c-MYC,
and PCNA performed in the study cohorts are shown in
Figure 1.

For TIMP1, positive staining was found mainly in the
cytoplasm and membrane of the neoplasm cells, and
nuclear localization of c-MYC and PCNA was generally
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Table 1 Relationship between expression of proteins and clinicopathologic parameters
n

Variable

Sex
Male
Female
Age, median (range)
Histology grade,
differentiation
Well
Moderate
Poor
Pathologic T stage
T1
T2
T3
T4
Lymphovascular
invasion
Yes
No
Perineural invasion
Yes
No
Chemotherapy
Yes
No
EMVI
Positive
Negative
Location
Below peritoneal
reflection
At peritoneal
reflection
Above peritoneal
reflection

c-MYC expression
Strong
Low
(n = 118) (n = 211)

207
122
62 (21-82)

69
49

136
73

10
143
176

4
48
66

6
95
110

24
78
74
153

9
30
28
51

153
176

P value1

PCNA expression
Strong
Low
(n = 78) (n = 241)

0.236

47
31

160
81

0.738

2
36
40

8
107
136

15
48
46
102

0.848

5
7
15
51

56
62

97
114

0.796

127
202

45
73

82
129

99
230

43
75

53
276

P value1

TIMP1 expression
Strong
Low
(n = 193) (n = 136)

P value1

0.324

119
74

88
48

0.573

0.844

5
57
131

5
86
45

< 0.01

19
71
59
102

< 0.01

11
41
53
88

13
37
21
65

0.045

37
41

116
135

0.850

90
103

63
73

0.956

0.897

32
46

95
156

0.615

88
105

39
97

< 0.01

56
155

0.060

24
54

75
176

0.881

58
135

41
95

0.985

18
100

35
176

0.752

13
65

40
211

0.878

32
161

21
115

0.782

120

41

79

31

89

71

49

43

22

21

4

39

25

18

166

55

111

43

123

97

69

0.080

0.059

0.990

P value was obtained by χ 2 test. EMVI: Extramural vascular invasion.

1

There were no significant differences concerning
age, sex, chemotherapy and tumor location. However,
a significant association was detected between the
expression levels of PCNA, TIMP1 and pT (P < 0.01; P
= 0.045). Moreover, the overexpression of TIMP1 was
associated with the histological grading and perineural
invasion (P < 0.01; P < 0.01). Table 1 shows the
relationships between the clinicopathological features
and protein expression levels.

combined with the EMVI status could rank patients in
a more accurate way (P < 0.01) (Figure 2).

DISCUSSION
Nowadays, local excision has won growing popularity
as a strategy for treating RC in that it removes the
necessity for colostomy, lowers the threatening
perioperative risks for patients, and ensures optimistic
[13,14]
functional outcomes
. This surgical procedure,
however, requires a thorough analysis of its oncologic
risks since standard resection protocols used to
eliminate the rectum with its surrounding lymph
nodes have gained favorable oncologic results, and
[15]
are considered as the gold standard . Hence, proper
preoperative staging is necessary. However, staging
remains challenging owing to the variable accuracy
and limitations of imaging. Patient-specific tumor
biomarkers could function as a useful aid to present
clinicopathologic parameters for risk stratification.
This study identified a three-protein panel for the
prognostic assessment of non-advanced RC patients
that could supplement current diagnostic systems.

Independent prognostic value of three-protein IHC panel

Due to the fact that it illustrated that the threeprotein panel and MRI-detected EMVI was of signi
ficant predictive value for survival in the long run,
multivariate Cox regression analysis was implemented
to decide whether these parameters supplied further
information of prognosis independent of known clini
copathologic features which could affect the prognosis.
As summarized in Table 2, each parameter had a
prognostic significance independently (P < 0.05).
Additionally, the three-protein panel displayed greater
significance as an independent prognostic factor (HR
= 2.110, 95%CI: 1.631-2.556, P < 0.01). The panel
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has been confirmed to connect with the degree of
malignancy, vascular infiltration, distant metastasis and
[23-25]
survival
. TIMPs have been proposed to be important
inhibitors of tumor invasion of the extracellular matrix
[26,27]
[28]
based on in vitro and animal studies
. Pellegrini et al
put forward that, from the phase of pre-invasive node to
the phase of invasion, detections of serum levels of CEA
and TIMP1 in colorectal cancer patients simultaneously
could serve as markers for disease progression in
prognosis and diagnosis.
It has been established that patients may expe
rience a drastically increased risk of distant metastasis,
given pathological EMVI at the moment of primary
[29]
resection . The high-resolution MRI provides the
[30]
preoperative identification of EMVI ; preoperative
MRI-detected EMVI status for rectal cancer is a crucial
procedure, especially in the screening of patients for
[31]
neoadjuvant treatment . A microRNA panel has been
shown to have considerable clinical value in the early
[32]
diagnosis of colorectal cancer . Through the current
research, we identified a three-protein prognostic
panel independent of clinicopathological features.
What’s more important, the three-protein panel
combined with MRI-detected EMVI could rank patients
into subgroups with diverse prognoses (P < 0.01),
which may benefit clinical intervention.
In conclusion, we have identified a three-protein
panel in a considerable number of rectal tissue
specimens that determines prognosis with accuracy
independent of clinical prognostic parameters, and
it has magnificent clinical value for surgical decisionmaking for treating RC.

Table 2 Multivariate Cox regression analysis of factors
predicting survival time of patients without regional lymph
node and distant metastasis
Variable
Sex (male vs female)
Pathologic T stage (T3-4
vs T1-2)
Lymphovascular invasion
(yes vs no)
Perineural invasion (yes
vs no)
EMVI (positive vs
negative)
c-MYC expression (low vs
strong)
PCNA expression (strong
vs low)
TIMP1 expression (low vs
strong)
IHC panel (2-3 markers
high vs 0-1 marker high)

HR

95%CI

P value

1.312
1.226

0.784-2.159
0.817-2.657

0.354
0.012

1.413

0.716-1.971

0.241

1.539

0.992-2.321

0.114

3.071

2.784-5.754

< 0.01

1.138

1.003-2.421

0.032

2.582

1.748-4.373

0.003

2.643

1.869-5.821

0.021

2.110

1.631-2.556

< 0.01

EMVI: Extramural vascular invasion; IHC: Immunohistochemistry.

Overall survival (%)

100
80
60
EMVI (-) + 0-1 markers

40

EMVI (-) + 2-3 markers
20
0

EMVI (+) + 0-1 markers

P < 0.01

EMVI (+) + 2-3 markers
0

12

24

36

48

Survival (mo)
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The c-MYC proto-oncogene encodes a transcription
factor that has a vital effect on cell proliferation,
[16,17]
differentiation, apoptosis, metabolism, and survival
.
In recent study on adenocarcinoma of the colorectum,
patients with a c-MYCGCN gain had low rates of
survival compared to those without the gain, which was
[18]
found to be a poor independent prognostic factor .
However, the correlation between expression of c-MYC
in colorectal cancer and prognosis was contradicted
[19-21]
in previous studies
. The conflicting results
presumably occurred as c-MYC expression is controlled
by a complicated regulatory pathway, engaging multi[22]
interactive activities with other molecules . In the
present study, we clarified that c-MYC overexpression
determined by IHC solely was significantly linked with
higher rates of survival in colorectal cancer patients
when evaluated by multivariate analysis.
PCNA, which is a non-histamine nuclear protein,
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Non-advanced rectal cancer (RC) can be treated using various strategies.
Accuracy of preoperative staging is vital for modern management of RC.
To accurately classify prognostic risks, this study set out to identify a small,
clinically applicable immunohistochemistry (IHC) panel that could be combined
with magnetic resonance imaging (MRI)-detected extramural vascular invasion
(EMVI) for preoperative prognostic assessment of RC patients.

Research frontiers

MRI is important for the local staging of rectal cancer, the patients who showed
MRI-detected EMVI positivity had worse survival outcomes than the EMVInegative cases. Few prior reports contain analyses of the combination of
imaging evidence of EMVI and biomolecular factors in RC. The results of
this study suggest that the three-protein panel of c-MYC, PCNA and TIMP1
combined with MRI-detected EMVI could provide additional prognostic
information for preoperative treatment of RC.

Innovations and breakthroughs

In this study, c-MYC, PCNA and TIMP1 were detected with high expression in
35.9%, 23.7% and 58.7% of tumors, respectively. Significant associations were
found between the expression of these proteins and the prognosis (P = 0.032,
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0.003, 0.021). Applying these three proteins as an IHC panel could be used to
classify patients into different subgroups (P < 0.01). Upon adjustment for known
survival covariates, including EMVI, the IHC panel remained an independent
prognostic factor. The combination of EMVI and the IHC panel could separate
patients into distinct prognostic groups (P < 0.01).

13
14

Applications

These findings suggest that the three-protein panel of c-MYC, PCNA and
TIMP1 combined with MRI-detected EMVI could provide additional prognostic
information for preoperative treatment of RC.

15

Terminology

16

EMVI is defined as the presence of malignant cells within the blood vessels
beyond the muscularis propria of rectal cancer.

17

Peer-review

This is an excellent study about the combination of three-gene immunohis
tochemical panel and MRI-detected EMVI to assess prognosis in non-advanced
rectal cancer patients.
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Abstract
AIM
To describe racial/ethnic differences in treatment and
survival among liver cancer patients in a populationbased cancer registry.
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METHODS
Invasive cases of primary hepatocellular carcinoma, n =
33270, diagnosed between January 1, 1988-December
31, 2012 and reported to the California Cancer
Registry were analyzed by race/ethnicity, age, gender,
geographical region, socio-economic status, time period
of diagnosis, stage, surgical treatment, and survival.
Patients were classified into 15 racial/ethnic groups:
non-Hispanic White (White, n = 12710), Hispanic (n =
8500), Chinese (n = 2723), non-Hispanic Black (Black,
n = 2609), Vietnamese (n = 2063), Filipino (n = 1479),
Korean (n = 1099), Japanese (n = 658), American
Indian/Alaskan Native (AIAN, n = 281), Laotian/Hmong
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(n = 244), Cambodian (n = 233), South Asian (n =
190), Hawai`ian/Pacific Islander (n = 172), Thai (n =
95), and Other Asian (n = 214). The main outcome
measures were receipt of surgical treatment, and
cause-specific and all-cause mortality.

INTRODUCTION
Cancer of the liver and intrahepatic bile duct, of which
approximately 80% is hepatocellular carcinoma
[1]
(HCC) , led the 17 most common cancer sites with
a 3.1% average annual increase in mortality rates
between 2008 and 2012 among both men and women
[2]
in the United States . In contrast, mortality rates
declined an average of 1.8% per year among men
and 1.4% among women during the same time period
[2]
for all cancer sites combined . HCC’s prominence is
further exemplified by the quadrupling of its incidence
[3]
from 1.5 to 6.2 per 100000 between 1973 and 2011 .
Worldwide, liver cancer has become the second leading
[4]
cause of cancer deaths .
The principal risk factors for HCC are chronic
hepatitis B virus (HBV) and hepatitis C virus (HCV)
[5]
infections . After tobacco use, HBV infection, because
of its etiological linkage to liver cancer, is the next
[6,7]
most important cause of cancer worldwide . HCVrelated HCC has become the fastest increasing
[8]
cause of cancer mortality in the United States . In
[8]
addition to alcohol consumption , other risk factors
contributing to the increase in HCC in the United
[9,10]
States are metabolic syndrome including diabetes
[8]
and obesity , which are risk factors for non-alcoholic
[11]
steatohepatitis (NASH) . There is evidence that the
[3,12]
peak of the HCC epidemic may be near
. However,
because HCC disproportionately affects populations of
[2]
color -African Americans, American Indians/Alaska
Natives, Asian Americans, Hispanics, and Pacific
Islanders-and because many of these racial/ethnic
populations are increasing at faster rates than the
population as a whole, the burden of liver cancer will
[2,13,14]
continue to increase
unless detected earlier and
[15]
properly treated or prevented .
Although the 5-year relative survival rate for
liver cancer has risen in recent years, from 3.4%
[16]
in 1975-77 to 18.1% in 2006-2012 , it remains
[16]
lower than that of most other common cancers .
[11]
Treatments have become more effective , and a
larger proportion of patients are being diagnosed
[17]
with early stage disease . However not all HCC
[18]
patients have benefited from these improvements ;
consequently, racial/ethnic, socioeconomic, and
[12,17]
geographic disparities in mortality persist
.
Previous analyses of HCC survival and treatment
characteristics have typically reported on HCC cases
aggregated by ethnicity (Hispanic or non-Hispanic)
accompanied by broad racial categories, e.g.,
American Indian/Alaska Native, Asian, Black, Native
[19-21]
Hawaiian and Other Pacific Islander
, or focused
[22]
on Black-White comparisons . Our previous study
of more than 6000 HCC cases diagnosed in California
in 1988-2007, which reported on specific Asian
ethnicities, found substantial inter-ethnic variation
in survival but did not include comparison with other
[23]
racial/ethnic groups . Rarely have HCC survival and

RESULTS
After adjustment for socio-demographic characteristics,
time period, and stage of disease, compared to Whites,
Laotian/Hmong [odds ratio (OR) = 0.30, 95%CI:
0.17-0.53], Cambodian (OR = 0.65, 95%CI: 0.45-0.96),
AIAN (OR = 0.66, 95%CI: 0.46-0.93), Black (OR =
0.76, 95%CI: 0.67-0.86), and Hispanic (OR = 0.78,
95%CI: 0.72-0.84) patients were less likely, whereas
Chinese (OR = 1.58, 95%CI: 1.42-1.77), Koreans
(OR = 1.45, 95%CI: 1.24-1.70), Japanese (OR =
1.41, 95%CI: 1.15-1.72), and Vietnamese (OR =
1.26, 95%CI: 1.12-1.42) were more likely to receive
surgical treatment. After adjustment for the same
covariates and treatment, cause-specific mortality was
higher for Laotian/Hmong [(hazard ratio (HR) = 1.50,
95%CI: 1.29-1.73)], Cambodians (HR = 1.35, 95%CI:
1.16-1.58), and Blacks (HR = 1.07, 95%CI: 1.01-1.13),
and lower for Chinese (HR = 0.82, 95%CI: 0.77-0.86),
Filipinos (HR = 0.84, 95%CI: 0.78-0.90), Vietnamese
(HR = 0.85, 95%CI: 0.80-0.90), Koreans (HR = 0.90,
95%CI: 0.83-0.97), and Hispanics (HR = 0.91, 95%CI:
0.88-0.94); results were similar for all-cause mortality.
CONCLUSION
Disaggregated data revealed substantial racial/ethnic
differences in liver cancer treatment and survival,
demonstrating the need for development of targeted
interventions to mitigate disparities.
Key words: Disparities; Treatment; Survival; Liver cancer;
Hepatocellular carcinoma
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We found substantial racial/ethnic differences
in treatment and survival in our analysis of 33270 cases
of hepatocellular carcinoma from the world’s largest
cancer registry in a single geo-political jurisdiction,
diagnosed over a 25-year period and disaggregated into
15 racial/ethnic categories. Such granularity provides
more precise identification of populations at risk by
race/ethnicity, age, gender, socio-economic status,
and stage of disease so that targeted interventions to
mitigate disparities can be developed.
Stewart SL, Kwong SL, Bowlus CL, Nguyen TT, Maxwell AE,
Bastani R, Chak EW, Chen MS Jr. Racial/ethnic disparities in
hepatocellular carcinoma treatment and survival in California,
1988-2012. World J Gastroenterol 2016; 22(38): 8584-8595
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i38/8584.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i38.8584
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treatment characteristics been characterized for 15
race/ethnic groups in a large geographically contiguous
area over a period of 25 years.
The purpose of this study was to identify disparities
in treatment and survival by race and ethnicity among
more than 33000 California residents diagnosed with
HCC from 1988-2012, and determine the extent
to which variables such as age, gender, stage at
diagnosis, and socioeconomic status explain these
disparities.

Asian, Bangladeshi, Bhutanese, Nepalese, Sikh, and Sri
Lankan. We combined cases from smaller or unknown
Asian ethnic groups into an Other Asian category.
Excluded from our analyses were 107 HCC cases with
unknown race.
The analysis included all invasive hepatocellular
carcinoma (HCC) cases diagnosed between January
1, 1988 and December 31, 2012 and reported to the
CCR as of December 2015. We used the International
Classification of Diseases for Oncology, Third Edition
site code (C22.0) and histology code (8170) to identify
patients with HCC among all patients with primary
liver cancer. Eligibility was restricted to HCC as the
first primary cancer in order to eliminate survival
differences due to the effects of other cancers. Only
cases with diagnostic confirmation of HCC were
included in our study (92.3%). Diagnostic confirmation
of HCC was defined as having positive histology
(56.7%), positive radiological test (27.6%), cytology
(11.2%), laboratory test/marker study (4.2%), or
direct visualization (0.3%). A total of 33270 invasive
HCC cases that met the above requirements were
analyzed for this study.
Patient vital status was updated using both passive
and active follow-up methods. Passive follow-up
methods included annual record linkages with the
California State death file, National Death Index, Social
Security Death Master File, Medicare and Medicaid,
California Department of Motor Vehicles, Voter
Registration, and National Change of Address. Active
follow-up methods required contacting physician’s
offices, hospitals, patient’s relatives, and patients. The
follow-up period for this study began at HCC diagnosis
and ended at the earlier of the date of death or last
follow-up and December 31, 2013 (the end of the
latest full year of case follow-up at the time these data
were reported).

MATERIALS AND METHODS
The data source for our study is the California Cancer
Registry (CCR), the world’s largest population-based
registry with ethnic-specific data in a single contiguous
political jurisdiction. The CCR covers the entire state of
California and includes three Surveillance, Epidemiology,
and End Results (SEER) regions: the Greater Bay Area,
Los Angeles County, and Greater California. The CCR
has achieved the highest standards for cancer registry
quality established by the North American Association
of Central Cancer Registries (NAACCR) and the National
Program of Cancer Registries (NPCR) for completeness
and quality. Reporting of cancer cases to the CCR has
been legislatively mandated in California since 1985.
The CCR includes data from all cancer cases (except
basal and squamous cell carcinoma of the skin and
carcinoma in situ of the cervix), and its completeness is
estimated to be 95% or greater.
The CCR follows standardized data collection and
quality-control procedures in terms of racial/ethnic
[24]
categorizations and cancer diagnoses . Race/ethnicity
information for the HCC cases is primarily based on
information contained in the patient’s medical record.
This information may be based on self-identification
by the patient, on the assumptions by an admissions
clerk or other medical personnel, or by inference using
race/ethnicity of parents, birthplace, maiden name, or
last name. To better identify Hispanics and Asian ethnic
groups, cases were run through NAACCR Hispanic and
[25,26]
Asian Identification Algorithm
. Cases are classified
as non-Hispanic White (White), non-Hispanic Black
(Black), Hispanic, American Indian/Alaskan Native,
Asian American, and Native Hawaiian/Pacific Islander.
Asian race is further divided into twelve groups, the
nine largest in California in rank order according to
their 2010 U.S. Census populations are as follows:
Filipino, Chinese (including Taiwanese), Vietnamese,
South Asian (Asian Indian, Pakistani, Bangladeshi,
Sri Lankan), Korean, Japanese, Hmong and Laotian,
Cambodian, and Thai.
In our study, Laotian and Hmong have been com
bined into one group because the majority of foreign[27]
born Hmong were born in Laos , and older Hmong
individuals may classify themselves as Laotian because
[28]
they were formerly citizens of Laos . South Asians,
[29,30]
whose land of origin is the Indian subcontinent
,
are comprised of Asian Indian, Pakistani, other South

WJG|www.wjgnet.com

Statistical analysis
2

We used χ tests to examine bivariate relationships
between race/ethnic groups and the variables displayed
in Table 1. These variables included time period of
diagnosis divided into five consecutive five-year
intervals; age at diagnosis (< 50, 50-59, 60-69, 70-79,
and 80 years or older); gender; geographical region
(Los Angeles County, Greater San Francisco Bay Area,
Central California, Northern California, and San DiegoImperial-Orange Counties); stage of diagnosis (remote,
regional, local, and unstaged); type of surgery (none,
local, resection/transplant); and socioeconomic status
(SES) on the basis of neighborhood income levels in
quintiles. In categorizing type of surgery, resection and
transplant were combined because SEER did not begin
coding transplantation as a separate category until
1998.
Individual patient-level SES data are not collected
by the CCR, and neighborhood SES was calculated
using two methods. For cases diagnosed from 1988
through 2005, the index of SES was a composite
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Figure 1 Median survival for patients with hepatocellular carcinoma by race/ethnicity in California, 1988-2012. Note: Error bars are limits of 95%CI.

allocated to census block groups within county of
residence because excluding these cases has been
shown to bias results. Each case was assigned a
neighborhood SES quintile, based on the distribution of
SES across census block groups in California.
Logistic regression was used to evaluate the
association between race/ethnicity and receipt of
surgical treatment (any vs none) before and after
adjustment for time period of diagnosis, age, gender,
geographic region, SES quintile, and stage at diagnosis;
because prioritization for transplantation for HCC
[33]
changed in 2002 , we included an interaction between
time period and stage in the multivariable model,
allowing estimation of stage effects for each time period
and time period effects at the referent level of stage.
Odds ratios (OR) and 95%CI are shown in Table 2.
Kaplan-Meier methods were used to estimate causespecific and overall survival curves for each of the race/
ethnic groups, and the log-rank test was used to assess
racial/ethnic differences in survival. Median survival
times with 95%CI are presented in Figure 1. Cox
proportional hazards models were used to evaluate the
association between race/ethnicity and survival, before
and after adjustment for the effects of time period of
diagnosis, age, gender, geographic region, SES quintile,
stage at diagnosis, and type of surgery. Both causespecific and all cause hazard ratios were calculated.
Using non-Hispanic White as the referent group, hazard
ratios (HR) and 95%CI were calculated for death from
HCC. Survival time was measured in weeks from the
date of diagnosis to death or censoring. People who
were still alive on December 31, 2013 were censored

variable created by principal components analysis
using a number of variables from 1990 and 2000
Census data at the block group level. The Census
variables used in creating the aggregate SES measure
included: education index, median household income,
proportion below 200% of the poverty level, median
rent, median house value, proportion with a blue collar
job, and proportion older than 16 in the workforce
without a job. Block group quintiles based on statewide
measurement of the SES variable were used in the
[31]
analysis . For cases diagnosed from 2006 through
2012, a composite variable was also created by
principal components analysis using variables from the
American Community Survey (ACS) at the block group
level. The index used the following variables: education
index, percent persons with a ratio of household
income to poverty line 2 or higher (percent persons
above 200% poverty line), percent persons with a
blue collar job, percent persons employed, median
rental, median value of owner-occupied housing unit,
and median household income. The SES index could
not be calculated if any of the seven components were
missing. Missing values were imputed using multiple
imputation, and the SES index was based on the
[32]
imputed data .
The main difference between the two SES indexes
is that the index based on the ACS used the inverse
complement of two variables used from the 2000
Census: percent unemployed (2000 Census) and
percent less than 200% of poverty line (ACS). Cases
missing Census block group due to incomplete address
at time of diagnosis (4.9% of patients) were randomly
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118

24
38
22

31

113
42
33
26
19

182
51

63
78
57
19
16

n

85.0
5.6
9.4

9.4
12.9
19.3
26.2
32.2

41.2
26.2
23.6
9.0

50.6

10.3
16.3
9.4

13.3

48.5
18.0
14.2
11.2
8.2

78.1
21.9

27.0
33.5
24.5
8.2
6.9

%

2007
184
532

334
435
543
695
716

1179
606
645
293

838

78
152
173

1482

377
428
488
660
770

2078
645

437
579
744
689
274

n

73.7
6.8
19.5

12.3
16.0
19.9
25.5
26.3

43.3
22.3
23.7
10.8

30.8

2.9
5.6
6.4

54.4

13.8
15.7
17.9
24.2
28.3

76.3
23.7

16.0
21.3
27.3
25.3
10.1

%

1220
60
199

161
195
304
408
411

584
384
362
149

464

109
126
263

517

204
286
367
402
220

1111
368

219
324
339
403
194

n

Less than 5 cases. χ 2, P < 0.0001 for racial/ethnic differences in all variables tabulated.

1

Age at diagnosis
< 50
47
50-59
102
60-69
90
70-79
34
≥ 80
8
Gender
Male
214
Female
67
Socioeconomic status (SES)
1 - Low SES
75
2
82
3
72
4
36
5 - High SES
16
Region
San Francisco44
Oakland
Central California
78
Northern California
100
San Diego33
Imperial-Orange
Los Angeles
26
Stage at diagnosis
Local
109
Regional
85
Remote
62
Unstaged
25
Time period of diagnosis
1988-1992
9
1993-1997
14
1998-2002
49
2003-2007
88
2008-2012
121
Type of surgery
None
238
Local
20
Resection/transplant 23

n

82.5
4.1
13.5

10.9
13.2
20.6
27.6
27.8

39.5
26.0
24.5
10.1

31.4

7.4
8.5
17.8

35.0

13.8
19.3
24.8
27.2
14.9

75.1
24.9

14.8
21.9
22.9
27.2
13.1

%

138
10
24

14
25
32
41
60

73
43
44
12

39

21
22
28

62

30
42
40
34
26

138
34

30
58
46
30
8

n

80.2
5.8
14.0

8.1
14.5
18.6
23.8
34.9

42.4
25.0
25.6
7.0

22.7

12.2
12.8
16.3

36.0

17.4
24.4
23.3
19.8
15.1

80.2
19.8

17.4
33.7
26.7
17.4
4.7

%

7062
550
888

557
809
1461
2340
3333

3825
2010
1812
853

3149

2129
635
1258

1329

2975
2248
1621
1054
602

6368
2132

1170
2604
2424
1657
645

n

83.1
6.5
10.4

6.6
9.5
17.2
27.5
39.2

45.0
23.6
21.3
10.0

37.0

25.0
7.5
14.8

15.6

35.0
26.4
19.1
12.4
7.1

74.9
25.1

13.8
30.6
28.5
19.5
7.6

%

491
58
109

84
108
139
166
161

288
142
149
79

218

65
92
112

171

49
118
153
164
174

285
373

30
116
219
206
87

n

74.6
8.8
16.6

12.8
16.4
21.1
25.2
24.5

43.8
21.6
22.6
12.0

33.1

9.9
14.0
17.0

26.0

7.4
17.9
23.3
24.9
26.4

43.3
56.7

4.6
17.6
33.3
31.3
13.2

%

805
83
211

114
178
267
270
270

450
267
242
140

623

67
34
197

178

176
184
188
255
296

761
338

172
284
346
233
64

n

73.2
7.6
19.2

10.4
16.2
24.3
24.6
24.6

40.9
24.3
22.0
12.7

56.7

6.1
3.1
17.9

16.2

16.0
16.7
17.1
23.2
26.9

69.2
30.8

15.7
25.8
31.5
21.2
5.8

%

230
7
7

29
41
56
49
69

71
52
88
33

13

75
85
43

28

129
68
26
19
-1

188
56

65
62
72
31
14

n

94.3
2.9
2.9

11.9
16.8
23.0
20.1
28.3

29.1
21.3
36.1
13.5

5.3

30.7
34.8
17.6

11.5

52.9
27.9
10.7
7.8
-1

77.0
23.0

26.6
25.4
29.5
12.7
5.7

%

158
16
40

9
11
51
50
93

102
48
49
15

64

39
13
19

79

31
38
42
63
40

155
59

44
58
59
44
9

n

73.8
7.5
18.7

4.2
5.1
23.8
23.4
43.5

47.7
22.4
22.9
7.0

29.9

18.2
6.1
8.9

36.9

14.5
17.8
19.6
29.4
18.7

72.4
27.6

20.6
27.1
27.6
20.6
4.2

%

145
18
27

12
15
29
61
73

84
53
40
13

28

36
40
29

57

13
32
38
60
47

138
52

13
44
65
45
23

n

76.3
9.5
14.2

6.3
7.9
15.3
32.1
38.4

44.2
27.9
21.1
6.8

14.7

18.9
21.1
15.3

30.0

6.8
16.8
20.0
31.6
24.7

72.6
27.4

6.8
23.2
34.2
23.7
12.1

%
30.5
28.4
23.2
13.7
-1

%

12.6
32.6
21.1
18.9
14.7

7.4
12.6
22.1
16.8
41.1

40.0
23.2
25.3
11.6

75 78.9
-1
-1
16 16.8

7
12
21
16
39

38
22
24
11

55 57.9

11 11.6
7 7.4
8 8.4

14 14.7

12
31
20
18
14

73 76.8
22 23.2

29
27
22
13
-1

n

1536
194
333

128
271
429
575
660

947
498
437
181

382

104
116
760

701

316
541
481
400
325

1622
441

326
533
596
471
137

n

74.4
9.4
16.1

6.2
13.1
20.8
27.9
32.0

45.9
24.1
21.2
8.8

18.5

5.0
5.6
36.8

34.0

15.3
26.2
23.3
19.4
15.8

78.6
21.4

15.8
25.8
28.9
22.8
6.6

%

10117
925
1668

1257
1681
2252
3208
4312

5355
2988
2905
1462

2582

2705
2578
2208

2637

1599
2512
2977
2942
2680

9762
2948

1181
3705
3640
2831
1353

n

79.6
7.3
13.1

9.9
13.2
17.7
25.2
33.9

42.1
23.5
22.9
11.5

20.3

21.3
20.3
17.4

20.7

12.6
19.8
23.4
23.1
21.1

76.8
23.2

9.3
29.2
28.6
22.3
10.6

%

American
Black
Cambodian
Chinese
Filipino
Hawai`ian/
Hispanic
Japanese
Korean
Laotian/ Other Asian South Asian
Thai
Vietnamese
White
Indian/
Pacific
Hmong
Alaska
Islander
Native
(n = 281) (n = 2609) (n = 233) (n = 2723) (n = 1479) (n = 172) (n = 8500) (n = 658) (n = 1099) (n = 244) (n = 214) (n = 190) (n = 95) (n = 2063) (n = 12710)

Table 1 Demographic and tumor characteristics by race/ethnic groups among patients with hepatocellular carcinoma in California, 1988-2012 (n = 33270)
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on that date; in cause-specific survival analyses,
because the outcome of interest was death due to HCC,
people who died of other causes before that date were
censored at date of death. All analyses were performed
using SAS version 9.3 (SAS Institute Inc., Cary, NC);
statistical significance was assessed at the 0.05 level
(2-sided).

1.24-1.70), Japanese (OR = 1.41, 95%CI: 1.15-1.72),
and Vietnamese (OR = 1.26, 95%CI: 1.12-1.42) were
more likely to receive surgical treatment. The odds of
treatment decreased with age (over 80 vs under 50:
OR = 0.20, 95%CI: 0.17-0.24) and increased with
SES (highest vs. lowest quintile: OR = 1.84, 95%CI:
1.66-2.05); males were less likely than females to
be treated (OR = 0.82, 95%CI: 0.77-0.88). The
time X stage interaction was statistically significant
(P = 0.0014): patients with local stage disease had
a greater advantage over those with remote stage
disease in 2003-2012 (ORs = 13.0 and 13.6) than in
1988-2002 (ORs = 8.28, 8.81, and 8.07).

RESULTS
Patient characteristics

A total of 33270 patients in the designated race/ethnic
groups were diagnosed with HCC in California in
1988-2012 and reported to the CCR as of December
31, 2015. The largest number were identified as nonHispanic White (n = 12710), followed by Hispanic (n
= 8500), Chinese (n = 2723), non-Hispanic Black
(n = 2609), Vietnamese (n = 2063), Filipino (n =
1479), and Korean (n = 1099). As shown in Table 1,
the distributions of all patient characteristics differed
significantly by race ethnicity (P < 0.0001). There
was a male predominance of cases in all groups
(69%-80%), except Japanese (43%). Overall,
12% were under age 50 at diagnosis, with highest
proportions under 50 among Thai (31%), Cambodians
(27%), and Laotian/Hmong (27%). There were
substantial disparities in SES: those most likely to live
in lowest quintile neighborhoods were Laotian/Hmong
(53%), Cambodians (48%), Hispanics (35%), and
Blacks (33%). There were also disparities in stage
at diagnosis and receipt of treatment. Those least
likely to be diagnosed with local stage tumors (43%
overall) were Laotian/Hmong (29%), Blacks (38%),
AIANs (39%), and Filipinos (39%). Those least likely
to receive a resection or transplant (13% overall) were
Laotian/Hmong (3%), AIANs (8%), Blacks (9%), and
Cambodians (9%).

Survival

Kaplan-Meier analysis: Both cause-specific and
overall survival differed significantly by race/ethnicity
(log-rank P < 0.0001). Cause-specific median survival
in weeks (Figure 1) was lowest for Laotian/Hmong
(11.6, 95%CI: 9.6-14.4), followed by Cambodians
(26.1, 95%CI: 16.7-33.1), Blacks (36.3, 95%CI:
32.1-41.0), Thai (39.9, 95%CI: 21.7-98.7),
Filipinos (41.0, 95%CI: 35.4-50.0), Whites (42.4,
95%CI: 40.1-44.6), Hawai`ians/Pacific Islanders
(42.7, 95%CI: 25.7-61.4), AIANs [44.6, 95%CI:
(35.6-64.1)], South Asians (50.6, 95%CI: 34.4-72.0),
Hispanics (51.9, 95%CI: 48.4-55.3), Japanese
(56.3, 95%CI: 44.9-65.9), Koreans (57.4, 95%CI:
47.6-69.4), Chinese (64.4, 95%CI: 57.7-71.7),
Vietnamese (67.3, 95%CI: 59.1-75.0), and Other
Asians (73.3, 95%CI: 43.7-120.3). Results were
similar for all cause survival.
Cox proportional hazards models: Compared
to Whites, higher cause-specific mortality was ex
perienced by Laotian/Hmong [hazard ratio (HR)
= 1.91, 95%CI: 1.65-2.21], Cambodians (HR =
1.38, 95%CI: 1.18-1.60), and Blacks (HR = 1.12,
95%CI: 1.06-1.18), and lower mortality by Other
Asians (HR = 0.80, 95%CI 0.67-0.96), Chinese
(HR = 0.81, 95%CI: 0.77-0.86), Vietnamese (HR
= 0.83, 95%CI: 0.79-0.89), Koreans (HR = 0.87,
95%CI: 0.80-0.93), and Hispanics (HR = 0.91,
95%CI: 0.88-0.95) (Table 3). After adjustment for
demographics, time period, stage of disease, and
treatment, mortality remained higher for Laotian/
Hmong (HR = 1.50, 95%CI: 1.29-1.73), Cambodians
(HR = 1.35, 95%CI: 1.16-1.58), and Blacks (HR =
1.07, 95%CI: 1.01-1.13), and was lower for Chinese
(HR = 0.82, 95%CI: 0.77-0.86), Filipinos (HR = 0.84,
95%CI: 0.78-0.90), Vietnamese (HR = 0.85, 95%CI:
0.80-0.90), Koreans (HR = 0.90, 95%CI: 0.83-0.97),
and Hispanics (HR = 0.91, 9 95%CI: 0.88-0.94).
Lower mortality was associated with younger age,
female gender, earlier stage disease, receipt of surgical
treatment, higher SES, and later time period of
diagnosis. Results were similar for all-cause mortality.

Receipt of surgical treatment

Compared to Whites, Laotian/Hmong (OR = 0.24,
95%CI: 0.14-0.41), Cambodians (OR = 0.69, 95%CI:
0.48-0.99), Blacks (OR = 0.70, 95%CI: 0.62-0.78),
AIAN (OR = 0.71, 95%CI: 0.51-0.98), Hispanics
(OR = 0.79, 95%CI: 0.74-0.85), and Filipinos (OR
= 0.83, 95%CI: 0.72-0.95) were less likely, and
Koreans (OR = 1.43, 95%CI: 1.24-1.64), Chinese
(OR = 1.39, 95%CI: 1.27-1.53), Other Asians (OR =
1.38, 95%CI: 1.02-1.88), Vietnamese (OR = 1.34,
95%CI:1.20-1.49), and Japanese (OR = 1.33, 95%CI:
1.11-1.59) were more likely to receive surgical
treatment (Table 2). After adjustment for demographic
characteristics, time period, and stage of disease,
Laotian/Hmong (OR = 0.30, 95%CI: 0.17-0.53),
Cambodian (OR = 0.65, 95%CI: 0.45-0.96), AIAN (OR
= 0.66, 95%CI: 0.46-0.93), Black (OR = 0.76, 95%CI:
0.67-0.86), and Hispanic (OR=0.78, 95%CI 0.72-0.84)
patients were less likely, whereas Chinese (OR = 1.58,
95%CI:1.42-1.77), Koreans (OR = 1.45, 95%CI:
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Table 2 Factors associated with receipt of surgical treatment for hepatocellular carcinoma in California, 1988-2012 (n = 33270)
Receipt of surgical treatment
Unadjusted OR
American Indian/Alaska Native
Black
Cambodian
Chinese
Filipino
Hawai`ian/Pacific Islander
Hispanic
Japanese
Korean
Laotian/Hmong
Other Asian
South Asian
Thai
Vietnamese
White
Age at diagnosis
< 50
50-59
60-69
70-79
≥ 80
Gender
Female
Male
Socioeconomic Status
1 - Low SES
2
3
4
5 - High SES
Region
Los Angeles
San Francisco-Oakland
Central California
Northern California
San Diego-Imperial-Orange
Stage at diagnosis: 1988-1992
Remote
Regional
Local
Unstaged
Stage at diagnosis: 1993-1997
Remote
Regional
Local
Unstaged
Stage at diagnosis: 1998-2002
Remote
Regional
Local
Unstaged
Stage at diagnosis: 2003-2007
Remote
Regional
Local
Unstaged
Stage at diagnosis: 2008-2012
Remote
Regional
Local
Unstaged
Time period of diagnosis: remote stage tumors

WJG|www.wjgnet.com

1

95%CI

a

a

0.71
0.70a
0.69a
1.39a
0.83a
0.96
0.79a
1.33a
1.43a
0.24a
1.38a
1.21
1.04
1.34a
1.00

0.51-0.98
0.62-0.78a
0.48-0.99a
1.27-1.53a
0.72-0.95a
0.66-1.40
0.74-0.85a
1.11-1.59a
1.24-1.64a
0.14-0.41a
1.02-1.88a
0.86-1.70
0.63-1.71
1.20-1.49a

8590

Adjusted OR

95%CI

0.66a
0.76a
0.65a
1.58a
0.92
0.94
0.78a
1.41a
1.45a
0.30a
1.27
1.13
1.04
1.26a
1.00

0.46-0.93a
0.67-0.86a
0.45-0.96a
1.42-1.77a
0.79-1.07
0.62-1.40
0.72-0.84a
1.15-1.72a
1.24-1.70a
0.17-0.53a
0.91-1.78
0.78-1.63
0.61-1.78
1.12-1.42a

1.00
0.83a
0.76a
0.47a
0.20a

0.76-0.92a
0.69-0.84a
0.42-0.52a
0.17-0.24a

1.00
0.82a

0.77-0.88a

1.00
1.25a
1.29a
1.65a
1.84a

1.13-1.37a
1.17-1.42a
1.49-1.82a
1.66-2.05a

1.00
0.81a
0.96
1.09
1.34a

0.74-0.88a
0.87-1.05
0.98-1.20
1.22-1.47a

1.00
3.30a
8.28a
0.27a

2.29-4.75a
6.09-11.26a
0.15-0.48a

1.00
2.88a
8.81a
0.47a

2.02-4.11a
6.79-11.43a
0.27-0.79a

1.00
2.61a
8.07a
0.78

2.01-3.40a
6.49-10.04a
0.52-1.17

1.00
4.44a
12.97a
0.93

3.44-5.73a
10.16-16.56a
0.58-1.49

1.00
4.50a
13.6a
1.12

3.43-5.92a
10.48-17.66a
0.68-1.87
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1988-1992
1993-1997
1998-2002
2003-2007
2008-2012

1.00
0.75
0.89
0.83
0.59a

0.53-1.06
0.64-1.23
0.58-1.17
0.41-0.85a

1

Adjusted for all other factors presented in the table using multivariable logistic regression. aP < 0.05. Time period X stage interaction P = 0.0014.

Table 3 Factors associated with survival from hepatocellular carcinoma in California, 1988-2012 (n = 33270)
Cause-specific survival

American Indian/
Alaska Native
Black
Cambodian
Chinese
Filipino
Hawai`ian/
Pacific Islander
Hispanic
Japanese
Korean
Laotian/Hmong
Other Asian
South Asian
Thai
Vietnamese
White
Age at diagnosis
< 50
50-59
60-69
70-79
≥ 80
Gender
Female
Male
Socioeconomic status
1 - Low SES
2
3
4
5 - High SES
Region
Los Angeles
San FranciscoOakland
Central California
Northern
California
San DiegoImperial-Orange
Stage at diagnosis
Remote
Regional
Local
Unstaged
Time period of
diagnosis
1988-1992
1993-1997

Unadjusted
HR

95%CI

Adjusted
HR

0.92

0.79-1.07

1.12a
1.38a
0.81a
0.95
0.95
0.91a
0.95
0.87a
1.91a
0.80a
0.91
1.00
0.83a
1.00

WJG|www.wjgnet.com

All cause survival
1

1

95%CI

Unadjusted
HR

95%CI

Adjusted
HR

95%CI

0.90

0.77-1.04

0.94

0.82-1.07

0.91

0.80-1.04

1.06-1.18a
1.18-1.60a
0.77-0.86a
0.88-1.01
0.78-1.15

1.07a
1.35a
0.82a
0.84a
0.98

1.01-1.13a
1.16-1.58a
0.77-0.86a
0.78-0.90a
0.81-1.19

1.12a
1.31a
0.75a
0.98
0.97

1.07-1.17a
1.15-1.51a
0.72-0.79a
0.92-1.04
0.82-1.14

1.06a
1.27a
0.76a
0.88a
1.00

1.01-1.11a
1.11-1.46a
0.72-0.79a
0.83-0.93a
0.85-1.18

0.88-0.95a
0.86-1.04
0.80-0.93a
1.65-2.21a
0.67-0.96a
0.75-1.09
0.77-1.29
0.79-0.89a

0.91a
0.93
0.90a
1.50a
0.98
0.88
1.08
0.85a
1.00

0.88-0.94a
0.84-1.02
0.83-0.97a
1.29-1.73a
0.82-1.17
0.74-1.06
0.84-1.40
0.80-0.90a

0.98
0.88a
0.80a
1.74a
0.80a
0.93
0.96
0.79a
1.00

0.95-1.01
0.81-0.96a
0.74-0.85a
1.52-1.98a
0.68-0.93a
0.79-1.09
0.77-1.21
0.75-0.84a

0.95a
0.86a
0.82a
1.37a
0.96
0.91
1.04
0.80a
1.00

0.92-0.99a
0.79-0.94a
0.76-0.88a
1.20-1.57a
0.82-1.12
0.78-1.06
0.82-1.30
0.76-0.84a

1.00
1.01
1.06a
1.29a
1.54a

0.96-1.06
1.01-1.11a
1.23-1.35a
1.45-1.64a

1.00
1.04
1.08a
1.29a
1.57a

1.00-1.09
1.04-1.13a
1.24-1.35a
1.49-1.65a

1.00
1.10a

1.07-1.14a

1.00
1.09a

1.06-1.12a

1.00
0.95a
0.91a
0.88a
0.81a

0.92-0.99a
0.88-0.95a
0.84-0.92a
0.77-0.85a

1.00
0.94a
0.90a
0.86a
0.79a

0.91-0.98a
0.87-0.94a
0.83-0.89a
0.75-0.82a

1.00
1.03

0.99-1.07

1.00
1.00

0.97-1.03

1.06a
1.14a

1.02-1.11a
1.08-1.19a

1.07a
1.08a

1.03-1.11a
1.04-1.12a

1.09a

1.05-1.14a

1.08a

1.04-1.13a

1.00
0.70a
0.39a
0.76a

0.67-0.73a
0.38-0.41a
0.72-0.79a

1.00
0.71a
0.44a
0.77a

0.69-0.74a
0.43-0.46a
0.74-0.80a

1.00
0.86a

0.82-0.91a

1.00
0.90a

0.86-0.95a
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1998-2002
2003-2007
2008-2012
Type of surgery
None
Local
Resection or
transplant

0.75a
0.69a
0.54a

0.71-0.79a
0.66-0.73a
0.51-0.57a

0.77a
0.72a
0.57a

0.74-0.81a
0.68-0.75a
0.54-0.60a

1.00
0.40a
0.26a

0.38-0.43a
0.25-0.28a

1.00
0.43a
0.29a

0.41-0.46a
0.28-0.31a

1

Adjusted for all other factors presented in the table using Cox proportional hazards regression models. aP < 0.05.

more likely to be obese or diabetic but less likely to
[38]
be heavy/binge drinkers than Whites . Among East
and Southeast Asians, HBV is the most common
[1,20]
cause of HCC
, except for Japanese, among whom
[1]
HCV is more common . HBV-associated HCC can
occur without cirrhosis, which may confer a survival
advantage as the typical complications of portal
[3]
hypertension are not present .
HCC in the setting of a non-cirrhotic liver (NCL) is
rare and has different etiologic, genetic, and pathologic
characteristics from cirrhotic HCC, including a lower
prevalence of HBV, HCV, and alcohol abuse, a lower
rate of p53 mutation, and more advanced tumor stage
[39]
at diagnosis . Risk factors for the development of
HCC in NCL include metabolic syndrome and nonalcoholic fatty liver disease, which may co-exist with
[40]
viral hepatitis or alcohol abuse . Hepatic resection is
generally the best treatment choice for HCC patients
with NCL, leading to better overall and disease-free
survival than those of cirrhotic patients; in fact, survival
after resection among NCL patients with non-advanced
tumors is comparable to that of cirrhotic patients with
[39]
early tumors who receive liver transplantation .
Compared to other etiologies, HCV-related HCC has
been associated with poorer overall and recurrence[41]
free survival after surgery . Among patients with
cirrhosis, those with chronic HCV experienced lower
survival at 1, 3, and 5 years after liver transplantation
compared to those without HCV. An accelerated
progression to cirrhosis in HCV patients post-transplant
may be responsible for this phenomenon seen in an
era when treatment with interferon-based therapies
[42]
was minimally effective in this population . These
outcomes will need to be revisited in the era of highly
[41]
effective direct acting antiviral medications . There is
also evidence of racial differences in protein expression
in HCV-associated HCC, indicating a possible biological
[43]
mechanism for some disparities .
Other disparities in survival are likely due to dif
[18,36]
ferences in access to care and quality of treatment
,
as well as knowledge and attitudes regarding liver
[44-46]
disease
. It is clear that gaps in both patient and
provider knowledge lead to decreased screening and
vaccination rates among those at risk for chronic
[47-51]
hepatitis B
. Trends in earlier stage at diagnosis and
leveling off of liver cancer incidence rates among Asians
as a whole have been attributed to HBV testing and
[3,21]
surveillance of those chronically infected
. Now that

DISCUSSION
We found substantial racial/ethnic variation in receipt
of curative treatment, even after accounting for stage
of disease and SES, which also varied considerably.
[34]
These results are consistent with those of others ,
who also found that Blacks and Hispanics were less
likely and Asians as a whole were more likely to receive
treatment (although less likely to receive a transplant)
than Whites. Patients with local stage disease were
more likely to receive curative treatment than those
with distant stage disease, and this advantage
increased after changes to transplant guidelines in
2002 allowing for and increasing prioritization of
transplantation in cases of local stage disease. Others
have found that the change in guidelines did not lead
[35]
to decreasing disparities in treatment .
We found that even after accounting for treatment
differences, disparities in survival remained, with
Blacks, Laotian/Hmong, and Cambodians experiencing
significantly higher mortality than Whites, Hispanics,
and most other Asian ethnicities. Those other Asian
ethnic groups, such as Chinese and Vietnamese, have
been the focus of longer histories of HBV screening
than Blacks, Laotian/Hmong, and Cambodians and
perhaps are the beneficiaries of earlier detection.
Other studies have found Black-White differences
to persist after adjustment for receipt of surgical
[19,22,36]
treatment
. One study noted that even among
transplant patients, Blacks had shorter and Asian/
Pacific Islander patients had longer survival compared
to Whites, with causes of death that suggested
variation in the amount of immunosuppression
[19]
accounted for differences in survival . Consistent
[37]
with others , we found that females had a survival
advantage.
Differences in survival may be in part due to
differences in comorbidities, stage of underlying liver
disease, and etiology of HCC. A study using National
Health and Nutrition Examination (NHANES) data
found that risk factors for liver disease varied by
race/ethnicity and gender, with Mexican Americans
more likely than Blacks and Whites to have elevated
aminotransferase activity, and Blacks more likely than
Mexican Americans and Whites to have hepatitis B
or C infection. Among men, Mexican Americans were
more likely than Whites to be heavy/binge drinkers;
among women, Mexican Americans and Blacks were
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all-oral, curative treatment for HCV is available, HCV
[52]
testing of people born in 1945-1965 is recommended .
Nevertheless, barriers to HBV and HCV testing and
[21,53-55]
treatment remain
. However, attempts to inten
tionally link HBV screening results with linkage to care,
[56]
while not optimized yet, are promising .
In summary, this paper reports on and analyzes
33270 HCC cases among Californians who were
diagnosed over a 25-year period from 1988 to 2012.
To our knowledge, these data represent the largest
and most racially/ethnic diverse study of HCC cases
collected through a registry with a Gold Certification
(highest award) from the North American Association of
Central Cancer Registries. Previously published reports
of HCC cases utilizing the California Cancer Registry
were focused on specific population groups, e.g., Asian
[23]
Americans
or combined analyses of two population
[57]
groups, e.g., Asian Americans and Hispanics or were
otherwise limited in numbers of cases, geographic
scope, time period. Papers utilizing the SEER cancer
registries, including those in California, were limited
to a focus on a single racial category, e.g., American
[58]
Indians and Alaska Natives
or did not analyze as
many disaggregated ethnic groups. Our findings
underscore the need for disaggregation-those least
likely to be treated and those with the highest
mortality were Asian, as were those most likely to
be treated and those with the lowest mortality. Our
analyses provided greater granularity by including as
separate categories: Cambodian, Chinese, Filipino,
Hawai`ian/Pacific Islander, Japanese, Korean,
Laotian/Hmong, Other Asian, South Asian, Thai, and
Vietnamese, almost all of whom are at higher risk for
HCC compared to the population-at-large. The greater
granularity also enabled us to specifically identify
populations-at-risk who share common socio-ethnic
characteristics. Thus, the findings from this paper offer
the potential for more precise targeting of interventions
by ethnic group, and hence language preference, and
geographical area.
Despite the advantages of being able to access and
analyze the largest cancer registry in a geographically
contiguous political jurisdiction, we recognize several
limitations. We were not able to assess racial/ethnic
differences in receipt of transplant over this time
period because the CCR did not distinguish between
transplant and resection until 1998. The CCR does
not include data on risk factors, such as exposure
to viral infections, cirrhosis, alcohol consumption, or
documentation of an individual’s metabolic syndrome/
diabetes or body mass index as a measure of obesity.
These latter risk factors are increasingly influential in
[11]
HCC etiology . No data are captured regarding the
patients’ English fluency or other potential measures
of acculturation and access to care. The aggregate
socioeconomic status variables are not measures of
the individual patients but rather that of their Census
[31,32]
block group
. Although the CCR employs extensive
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follow-up procedures it is possible that some patients
[59]
returned to their home countries to die . Finally,
there was limited power to detect treatment and
survival differences for racial/ethnic groups with small
numbers of cases.
In conclusion, nonetheless these findings de
monstrate substantial racial/ethnic disparities in HCC
treatment and survival that were not explained by
disease stage, time period of diagnosis, or sociodemographic factors. Continued effort is required
to improve access and attitudes towards HBV and
HCV testing and follow-up, address other etiological
risk factors such as alcoholism and obesity, develop
targeted therapies, and provide high quality treatment
to all patients.
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Abstract

Informed consent statement: All of the patients provided
informed consent for analysis of their tissue samples in
accordance with the ethics committee of University of Tsukuba
Hospital.

AIM
To reveal better diagnostic markers for differentiating
neuroendocrine tumor (NET) from solid-pseudopapillary
neoplasm (SPN), focusing primarily on immunohistochemical
analysis.
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conflicts of interest to disclose.

METHODS
We reviewed 30 pancreatic surgical specimens of
NET (24 cases) and SPN (6 cases). We carried out
comprehensive immunohistochemical profiling using
9 markers: Synaptophysin, chromogranin A, pancytokeratin, E-cadherin, progesterone receptor,
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Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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(excluding insulinoma) show gross invasive growth
[1,2]
or metastasis
, whereas SPNs have low grade
malignancy, exhibiting local invasion or metastasis
[3]
in only 20% of cases . Consequently, the five-year
survival rate for patients with NETs is worse than
that for patients with SPNs (65% of NETs vs 95% of
[3,4]
SPNs) . Surgical resection is the mainstay treatment
for both types of tumor, irrespective of whether
they are localized or metastatic. For patients with
unresectable NET, chemotherapy using agents such
as somatostatin analogues, α-interferon, sunitinib, or
[5,6]
mTOR inhibitor can be applied . On the other hand,
clinical trials have yet to yield an effective form of
[7]
chemotherapy for unresectable SPNs . Due to these
differences in clinical features and strategies, careful
differentiation between NETs and SPNs is needed, as
this can have a crucial bearing on outcome.
Morphological structures have often been the
key guide for differentiating SPNs from NETs. SPNs
have a distinctive appearance, exhibiting solid and
pseudopapillary growth patterns. Grossly, they appear
as a large encapsulated mass, containing yellowish
solid areas, with cystic zones that are frequently
[8]
necrotic or hemorrhagic . Microscopically, this hete
rogeneous growth pattern demonstrates solid areas
with alternating pseudopapillary structures, together
with cystic spaces made up of poorly cohesive mono
[9,10]
morphic cells with abundant degenerative changes
.
However, SPNs can show considerable morphological
overlap with NETs. That is, a proportion of NET cases
may show cystic and necrotic areas composed of
discohesive cells, and a proportion of SPN cases may
show a predominantly solid growth pattern without
[9,11]
pseudopapillary structures
. In a review of a case
[12]
series, Liu et al
reported that three of 14 NETs had
cystic components, whereas one of 10 SPNs did not
exhibit cystic areas. Accordingly, it was not possible
to distinguish these two types of tumor simply on the
basis of their gross or microscopic features.
In addition to morphological evaluation, im
munohistochemical analysis plays a crucial role
in differentiating these two tumor types. Klimstra
[13,14]
et al
have reported a simple algorithm for
diagnostic evaluation of pancreatic neoplasms, and
demonstrated that immunohistochemstry based on
the direction of tumor differentiation can be useful
[15]
for establishment of tumor entities. Basturk et al
reviewed earlier reports indicating that synaptophysin,
chromogranin A, pan-cytokeratin, and E-cadherin were
markers for NETs, whereas progesterone receptor,
vimentin, α-1-antitrypsin, CD10, and nuclear labeling
of β-catenin were markers for SPNs. However, the
expressions of these markers show overlap between
[12,16,17]
NETs and SPNs
. For example, synaptophysin,
a neuroendocrine marker expressed in most NETs,
[18,19]
is also expressed in a number of SPNs
. As the
sensitivity and specificity of the markers used in earlier
studies have varied, more practical procedures for

vimentin, α-1-antitrypsin, CD10, and β-catenin.
RESULTS
E-cadherin staining in NETs, and nuclear labeling of
β-catenin in SPNs were the most sensitive and specific
markers. Dot-like staining of chromogranin A might
indicate the possibility of SPNs rather than NETs.
The other six markers were not useful because their
expression overlapped widely between NETs and SPNs.
Moreover, two cases that had been initially diagnosed
as NETs on the basis of their morphological features,
demonstrated SPN-like immunohistochemical profiles.
Careful diagnosis is crucial as we actually found two
confusing cases showing disagreement between the
tumor morphology and immunohistochemical profiles.
CONCLUSION
E-cadherin, chromogranin A, and β-catenin were the
most useful markers which should be employed for
differentiating between NET and SPN.
Key words: Neuroendocrine tumor; Pancreas; Solidpseudopapillary neoplasm; Immunohistochemistry;
Diagnosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Neuroendocrine tumor (NET) and solidpseudopapillary neoplasm (SPN) are two types of
pancreatic tumor that were sometimes confused in
differential diagnosis. We reviewed 30 pancreatic
surgical specimens of NET (24 cases) and SPN (6 cases).
We carried out comprehensive immunohistochemical
profiling using 9 markers. E-cadherin staining in NETs,
and nuclear labeling of β-catenin in SPNs were the
most sensitive and specific markers. Dot-like staining
of chromogranin A might indicate the possibility of
SPNs rather than NETs. Moreover, two cases that
had been initially diagnosed as NETs on the basis of
their morphological features, demonstrated SPN-like
immunohistochemical profiles.
Ohara Y, Oda T, Hashimoto S, Akashi Y, Miyamoto R,
Enomoto T, Satomi K, Morishita Y, Ohkohchi N. Pancreatic
neuroendocrine tumor and solid-pseudopapillary neoplasm: Key
immunohistochemical profiles for differential diagnosis. World
J Gastroenterol 2016; 22(38): 8596-8604 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i38/8596.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i38.8596

INTRODUCTION
Neuroendocrine tumor (NET) and solid-pseudopapillary
neoplasm (SPN) of the pancreas differ from each
other significantly in terms of tumor aggressiveness,
treatment, and prognosis. NETs are considered to
have malignant potential, as 40%-90% of them
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Table 1 Immunohistochemical procedures
Antigen (Clone)

Manufacturer

Antigen retrieval

Dilution

solution/temperature/time
Synaptophysin (27G12)
Chromogranin A (polyclonal)
Pan-cytokeratin (AE1/AE3)
E-cadherin (36B5)
Progesterone receptor (IE2)
Vimentin (V9)
α-1-antitrypsin (polyclonal)
CD10 (56C6)
β-catenin (β-Catenin-1)
Ki-67 (MIB-1)

Nichirei Biosciences, Tokyo, Japan
Dako Japan, Tokyo, Japan
Dako Japan, Tokyo, Japan
Thermo Scientific, Yokohama, Japan
Roche Diagnostics, Tokyo, Japan
Dako Japan, Tokyo, Japan
Dako Japan, Tokyo, Japan
Leica Microsystems, Tokyo, Japan
Dako Japan, Tokyo, Japan
Dako Japan, Tokyo, Japan

TB/105 ℃/10 min
CB/115 ℃/10 min
TB/105 ℃/10 min
TB/121 ℃/10 min
CB/115 ℃/10 min
CB/100 ℃/15 min
No retrieval
TB/105 ℃/10 min
TB/105 ℃/10 min
CB/100 ℃/30 min

Incubation
temperature/time

Prediluted
1:500
1:100
1:20
Prediluted
1:100
1:100
1:40
1:200
1:25

RT/30 min
RT/30 min
RT/30 min
RT/60 min
RT/30 min
RT/30 min
RT/30 min
RT/30 min
RT/30 min
4 ℃/overnight

TB: Tris-HCl buffer; CB: Citrate buffer; RT: Room temperature.

correct diagnosis are anticipated.
In the present study, we reviewed the morphological
and immunohistochemical profiles of 30 pancreatic
tumors including 24 cases of NET and 6 cases of
SPN. We comprehensively surveyed the usefulness
of 9 markers in order to derive better diagnostic
procedures for differentiating between the two tumor
types. As a result, we discovered two confusing cases
which showed both NET-like morphology and SPN-like
immunohistochemical profiles, indicating the difficulties
in differential diagnosis.

peroxide, the sections were incubated with the primary
antibodies (listed in Table 1, along with the antigen
retrieval methods, dilutions, and incubation methods).
All antigens except for progesterone receptor were
detected using the EnVision+ System-HRP (Dako
Japan, Tokyo, Japan); progesterone receptor was
detected using an ultraView DAB universal kit (Roche
Diagnostics, Tokyo, Japan). After visualization with
diaminobenzidine chromogen, the sections were
counterstained with hematoxylin, dehydrated with
ethanol, made transparent with xylene, and mounted.
All specimens were also stained with hematoxylin and
eosin (H&E).

MATERIALS AND METHODS

Interpretation of immunohistochemical staining and
morphological features

Patients and tissue samples

Surgical specimens of primary NETs (24 cases) and
SPNs (6 cases) of the pancreas were obtained at
the Department of Surgery, University of Tsukuba
Hospital, Tsukuba, Japan, between 2002 and 2011. All
of the patients provided informed consent for analysis
of their tissue samples in accordance with the ethics
committee of University of Tsukuba Hospital. The
specimens had been originally diagnosed by at least
two pathologists in accordance with the World Health
[10,20]
Organization (WHO) classification
. The grading of
the NETs was re-evaluated on the basis of the WHO
classification 2010, using the mitotic count and Ki-67
labeling index. Cases of Grade 1 and Grade 2 NET
were included in the present study, but Grade 3 cases
(neuroendocrine carcinoma) were excluded.

Synaptophysin, chromogranin A, pan-cytokeratin,
E-cadherin, vimentin, and α-1-antitrypsin were
assessed for membranous and/or cytoplasmic staining.
For progesterone receptor and β-catenin staining,
nuclear labeling was evaluated as positive expression.
All immunohistochemical markers except for Ki-67
were classified as strongly positive (++), weakly
positive (+), or negative (-). Briefly, the distribution (no
stain: 0-1%, focal: 2%-50%, or diffuse: 51%-100%)
and the intensity (weak or strong) of cells in the
stained sections were determined separately. Diffuse
distribution with strong intensity was evaluated as
strongly positive. Diffuse-weak, focal-strong or focalweak combinations were all evaluated as weakly
positive. No stain was evaluated as negative. For Ki-67
staining, nuclear labeling index of Ki-67 per 500-2000
cells was counted. Mitotic count was evaluated in at
least 50 high-power fields using HE staining. Gross
morphologic features were evaluated by analyzing
pictures of the resected tumors and H&E-stained
sections.

Immunohistochemical procedures

We performed immunohistochemical staining for
synaptophysin, chromogranin A, pan-cytokeratin,
E-cadherin, progesterone receptor, vimentin, α-1antitrypsin, CD10, β-catenin, and Ki-67. Briefly,
the resected tissues were fixed in 10% formalin
and embedded in paraffin blocks, and the most
representative block was chosen for each case.
Each block was cut into serial sections 2 μm thick,
and then deparaffinized with xylene and rehydrated
with ethanol. After antigen retrieval and blocking
of endogenous peroxidase activity with hydrogen
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RESULTS
Clinicopathological and morphological characteristics

The clinicopathological data for the examined cases
are listed in Table 2. Postoperatively, 24 cases had
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Table 2 Clinicopathological and morphological characteristics of neuroendocrine tumor (24 cases) and solid-pseudopapillary
neoplasm (6 cases)
Case

Age

Sex Clinical findings Tumor location

Operation Diameter (cm) Mitotic

(yr)
NET-1
NET-2
NET-3
NET-4
NET-5
NET-6
NET-7
NET-8
NET-9
NET-10
NET-11
NET-12
NET-13
NET-14
NET-15
NET-16
NET-17
NET-18
NET-19
NET-20
NET-21
NET-22
NET-23
NET-24
SPN-1
SPN-2
SPN-3
SPN-4
SPN-5
SPN-6

31
57
51
45
42
62
73
74
67
51
45
68
77
57
45
51
59
59
40
53
39
51
58
32
26
34
20
23
43
27

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

MEN1
MEN1
MEN1
MEN1
insulinoma
insulinoma
insulinoma
insulinoma
insulinoma
insulinoma

H
H, T
H, B, T, L
B, T
B
H
H
T
B
B
H
H
T
H
H
H
H
T
T
T
H, B, T
H
B
H
H
T
T
T
B
T

PD
EC, DP
EC, DP, LR
DP
EC
EC
PD
DP
EC
MP
EC
EC
DP
PD
EC
PD
MP
EC
DP
DP
TP
PD
EC
PD
EC
DP
DP
DP
MP
DP

4.5
5.3
6.0
1.4
1.0
1.2
1.5
1.0
0.9
1.1
2.3
0.5
0.9
1.5
0.9
2.5
1.8
2.3
3.3
5.5
16
7.0
1.8
2.3
8.5
7.0
7.5
13
3.8
4.3

Ki-67

Grade

Solid or

PP

count

(%)

for NETs

Cystic

pattern

0
0
0
0
0
0
0
0
1
7
0
0
1
1
2
0
1
1
0
2
3
7
1
0
0
1
0
0
0
0

0
1
0
0
0
0
0
0
0
2
0
0
0
0
0
1
1
1
4
3
0
4
0
0
0
1
0
0
0
0

1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
2
2
2
2
1
1
-

Solid and Cystic
Solid
Solid
Solid and Cystic
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid and Cystic
Solid and Cystic
Solid
Solid
Solid
Solid
Solid
Solid and Cystic
Solid and Cystic
Solid and Cystic
Solid and Cystic
Solid and Cystic
Solid and Cystic

Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Present
Present
Present
Present
Present
Present

NET: Neuroendocrine tumor; SPN: Solid-pseudopapillary neoplasm; MEN: Multiple endocrine neoplasia; H: Pancreatic head; B: Pancreatic body; T:
Pancreatic tail; L: Liver; PD: Pancreatoduodenectomy; MP: Middle pancreatectomy; DP: Distal pancreatectomy: TP: Total pancreatectomy; EC: Enucleation;
LR: Liver resection; PP: Pattern pseudopapillary pattern; -: Not assessed.

been originally diagnosed as NET (NET-1 to NET-24),
and 6 as SPN (SPN-1 to SPN-6). The mean age of the
patients was 54 (range 31-77) years in the NET group,
and 28.8 (range 20-43) years in the SPN group. In
the NET group, 11 patients were male and 13 were
female, whereas in the SPN group one was male and
5 were female. In the NET group, 4 cases (NET-1 to
NET-4) were clinically diagnosed as multiple endocrine
neoplasia type 1 (MEN1), 6 (NET-5 to NET-10) were
diagnosed as insulinoma with clinical symptoms (e.g.,
hypoglycemia), and the other 14 (NET-11 to NET-24)
did not have any genetic background, symptoms
or blood examination data attributable to hormone
hypersecretion. Preoperative enhanced computed
tomography were performed in all cases, most of NET
cases showed the enhancement of tumor in early
phase, but SPN cases did not. Preoperative biopsy
using ultrasonography was not performed in all cases.
The mean tumor diameter of the surgical specimens
was 3.0 (range 0.5-16) cm in the NET group, and 7.4
(range 3.8-13) cm in the SPN group. Assessment of
tumor grading of NETs according to the mitotic count
and Ki-67 labeling index showed that 19 cases were
Grade 1, and 5 were Grade 2. In the SPN group,
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mitosis or Ki-67 labeling of cells was scarcely evident
in the sections. At the end of 2012, metastasis and/
or recurrence were found in 6 cases of NETs (NET-2,
NET-3, NET-15, NET-20, NET-21, and NET-22), whereas
they did not occur in SPN cases. Metastatic or recurrent
NETs were treated by reoperation, chemotherapy and/
or radiotherapy after initial operation.
In the NET group, 20 cases showed a predominantly
solid growth pattern, and 4 cases had cystic areas.
In the SPN group, all 6 cases showed a solid and
cystic growth pattern. The cystic lesions of SPNs
were typically larger than those of NETs. NETs were
composed of relatively uniform cells forming various
organoid histological patterns, characterized by
nesting, trabecular, glandular, gyriform, tubuloacinar,
or pseudorosette arrangements. All of the cases in the
SPN group showed pseudopapillary structures with
poorly cohesive cells, whereas no such features were
evident in the NET group.

Immunohistochemical findings

The immunohistochemical profiles are summarized
in Table 3. Synaptophysin was positive in all NETs
(100%), whereas in 4 SPNs (67%). Chromogranin A
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Table 3 Immunohistochemical profiles of neuroendocrine tumor and solid-pseudopapillary neoplasm
Case

Syn

CgA

CK

E-cad

PgR

Vim

αATP

CD10

βcat (N/C)

NET-1
NET-2
NET-3
NET-4
NET-5
NET-6
NET-7
NET-8
NET-9
NET-10
NET-11
NET-12
NET-13
NET-14
NET-15
NET-16
NET-17
NET-18
NET-19
NET-20
NET-21
NET-22
NET-23
NET-24
SPN-1
SPN-2
SPN-3
SPN-4
SPN-5
SPN-6

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

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
+ (dot)
+ (dot)
+ (dot)
+ (dot)
+ (dot)
+ (dot)
+ (dot)
+ (dot)

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

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

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

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

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

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

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

NET: Neuroendocrine tumor; SPN: Solid-pseudopapillary neoplasm; Syn: Synaptophysin; CgA: Chromogranin A; CK: Pan-cytokeratin; E-cad: E-cadherin;
PgR: Progesterone receptor; Vim: Vimentin; αATP: α-1-antitrypsin; βcat (N/C): β-catenin (nuclear/cytoplasmic staining); ++: Strongly positive; +: Weakly
positive; -: Negative; dot: Dot-like pattern.

was positive in all NETs (100%); however, two cases
(NET-23 and NET-24) showed a dot-like pattern,
whereas 22 cases showed diffuse staining. On the
other hand, all SPNs (100%) showed a dot-like pattern
of chromogranin A immunostaining. Pan-cytokeratin
was positive in 20 NETs (83%), but in only one (17%)
of the SPNs. E-cadherin was positive in 22 NETs
(92%), with the exception of NET-23 and NET-24,
whereas all the SPNs were negative for E-cadherin.
Progesterone receptor, vimentin, α-1-antitrypsin,
CD10, and β-catenin (nuclear/cytoplasmic expression)
were positive in all SPNs (100%), whereas among the
NETs, progesterone receptor was positive in 20 (83%),
vimentin was positive in 10 (42%), α-1-antitrypsin was
positive in 14 (58%), CD10 was positive in 8 (33%),
and β-catenin was positive in 2 (8%).
The majority of NETs were positive for synapto
physin, chromogranin A, pan-cytokeratin, E-cadherin,
and progesterone receptor. Some cases of NET were
positive for vimentin, α-1-antitrypsin, CD10, and
β-catenin. On the other hand, all SPNs showed the
same immunohistochemical profiles, being positive
for progesterone receptor, vimentin, α-1-antitrypsin,
CD10, and β-catenin. Moreover, they were also
negative for E-cadherin, and showed a dot-like pattern
of chromogranin A immunostaining. In the NET
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group we examined two cases (NET-23 and NET-24)
that showed distinctive expression in comparison
with the others; although these cases had been
originally diagnosed as NETs, they showed the same
profiles as SPNs (positive for progesterone receptor,
vimentin, α-1-antitrypsin, CD10 and β-catenin, a
dot-like chromogranin A pattern, and negative for
E-cadherin). Microscopically, these cases did not show
a pseudopapillary pattern. Representative staining
patterns in a typical case of NET (NET-21), confusing
case (NET-24), and a typical case of SPN (SPN-5) are
shown in Figure 1.

DISCUSSION
Differentiating between pancreatic NETs and SPNs
is crucial but still challenging even with precise
morphological and histological analysis. Several
immunohistochemical markers are reported to be
useful for the differential diagnosis; however, not
all of these markers are conclusive. Our immuno
histochemical review of surgical specimens of
NETs and SPNs demonstrated that E-cadherin, and
nuclear labeling of β-catenin were the most sensitive
and specific among the examined markers for
differentiating the two type of tumors.
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NET-21

B

SPN-5

C

Macroscopy

A

NET-24

*

E

F

G

H

I

J

K

L

M

N

O

β-catenin (nuclear)

E-cadherin

Chromogranin A

HE

D

Figure 1 Macroscopic features and representative staining of a typical case of neuroendocrine tumor (case NET-21: A, D, G, J, M), a confusing case (case
NET-24: B, E, H, K, N), and a typical case of solid-pseudopapillary neoplasm (case SPN-5: C, F, I, L, O). The typical NET case showed a solid growth pattern
(A) with homogeneous cells, being strongly positive for chromogranin A and E-cadherin, and did not show nuclear labeling of β-catenin. In contrast, the typical SPN
case showed a solid and cystic growth pattern (C) containing pseudopapillary structures formed by poorly cohesive cells, with a dot-like pattern of chromogranin
A, negativity for E-cadherin, and nuclear labeling for β-catenin. NET-24, originally diagnosed as NET, mimicked the macroscopic features of NET, but exhibited the
same immunohistochemical profile as SPN. HE, hematoxylin and eosin stain. Asterisk, cystic lesion of SPN case. Scale bars, 1 cm (macroscopic image) and 100 μm
(microscopic image). Small boxes indicate representative magnified fields.
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As earlier studies suggested, NETs in our case
series also showed more malignant potential and
needed various postoperative treatments compared
with SPNs; therefore, differential diagnosis of the two
tumors should be performed carefully. The key gross
and microscopic features for differential diagnosis
between NETs and SPNs are that SPNs typically show
a mixture of solid and cystic growth areas composed
of pseudopapillary structures, as was the case in all
the SPNs we examined, whereas NETs generally show
a solid growth pattern without pseudopapillae (Table
2). However, it should be noted that NETs sometimes
show areas of cystic degeneration (NET-1, NET-4,
NET-18 and NET-19). Clinical characteristics other
than histopathology may sometimes be helpful for
differential diagnosis between NETs and SPNs (Table
2). Clinical symptoms may be key feature of NETs, as
some are associated with hypersecretion of hormones
[21]
including insulin, glucagon, somatostatin, or gastrin .
Genetic background, such as MEN1, or von HippelLindau disease, may also suggest a high likelihood
[22]
of NET . Although these features play a substantial
role in differential diagnosis, their usefulness may
sometimes be limited, and in fact in the present
series of 24 NET cases diagnosis on this basis was
made in only 10, including 4 cases of MEN1 (NET-1 to
NET-4) and 6 cases of functional insulinoma (NET-5 to
NET-10). The other 14 NET cases (NET-11 to NET-24)
required further detailed differential diagnosis on the
basis of pathology. Although SPNs occur predominantly
in young female patients, this is not always pathogno
[23]
monic, since males can also be sometimes affected ,
as was the case for SPN-6. Thus, more objective
diagnostic modalities need to be developed.
Here we addressed the usefulness of immu
nohistochemical expression of various markers,
either alone or in combination, for differential
diagnosis between NETs and SPNs. Synaptophysin
and chromogranin A, which are representative wellknown neuroendocrine markers, were usually strongly
positive in the majority of NETs. However, these are
not specific markers for NETs, as 4 of the 6 SPNs we
examined were also positive for synaptophysin, as
[18]
reported earlier . In contrast, chromogranin A has
[16,18]
been regarded as typically negative in SPNs
.
Here we found that all SPNs were weakly positive for
chromogranin A, and that its distribution was quite
unique, exhibiting a dot-like pattern formed by a
relatively small number of chromogranin granules.
[24]
Jirásek et al
have suggested that this expression
of chromogranin A might reflect weak differentiation
from a neuroendocrine lineage. In fact several
studies have reported positivity for chromogranin
[12,17,25]
A in SPNs
; these cases might be resulted in
the criteria that dot-like pattern was evaluated as
positive expression of chromogranin A. E-cadherin,
a major epithelial adhesion molecule, was generally
expressed in the majority of NETs, whereas it was
[26]
not expressed in SPNs . Loss of E-cadherin may
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explain the histological characteristics of SPNs, which
show a pseudopapillary pattern perhaps resulting
from loss of cell cohesiveness. Abnormal accumulation
of β-catenin in the nucleus, caused by prolonged
degradation of mutated β-catenin protein correlated
with loss of E-cadherin, was observed in 95% of
[27]
SPNs , whereas NET was generally negative (except
for cases NET-23 and NET-24, as discussed in the next
paragraph). Progesterone receptor, vimentin, α-1antitrypsin, and CD10, also known to be markers for
SPNs, were expressed in all of the SPNs we examined,
but were less specific. Therefore, the main message
of our present study is that membranous/cytoplasmic
expression of E-cadherin in NETs, and nuclear staining
for β-catenin in SPNs were useful immunohistochemical
markers, which should be routinely applied to the
differential diagnosis between NETs and SPNs. In
addition, chromogranin A immunostaining should
be interpreted carefully since a dot like pattern of
chromogranin A might indicate the possibility of SPNs
rather than NETs.
The two confusing cases in this series (NET-23
and NET-24) had been initially diagnosed as NETs
because they did not show the typical morphological
structure of SPN, i.e., solid and cystic growth and a
pseudopapillary pattern. However, they expressed
SPN-like immunohistochemical profiles. The issue
here is whether these two cases were truly NETs or
truly SPNs. The WHO classification already states that
a few SPNs display a solid growth pattern and lack
[9,10]
pseudopapillary structures
, and recommends that
immunohistochemistry including nuclear β-catenin
staining is potentially helpful for diagnosis of these
SPNs. Moreover, hyaline globules, which are an
architectural feature known to occur predominantly in
[28]
SPNs rather than in NETs , were actually observed
in all 6 of the present cases of SPN. Cases NET-23
and NET-24 also exhibited hyaline globules (data not
shown), in addition to nuclear β-catenin staining.
Therefore, we consider that these two cases might be
SPNs lacking pseudopapillary structures which had
been initially diagnosed as NETs.
The limitation of our study is that the number
of cases we evaluated was small because SPN is
rare pancreatic tumor. However, our present data
should be useful for improving our routine diagnostic
approach for NETs. In our institution, NETs have
been initially diagnosed on the basis of gross and
microscopic features, followed by supplementary
immunohistochemistry for neuroendocrine markers
including synaptophysin and chromogranin A. How
ever, application of only neuroendocrine markers to
“morphologically” NET-like cases is insufficient, since
a substantial proportion of SPN cases mimicking the
morphology of NETs will be present among these
NET-like cases. Therefore, we propose that the
immunohistochemical analysis should be extended to
SPN-specific markers such as β-catenin, even if the
tumors appear to have a NET-like morphology.

8602

October 14, 2016|Volume 22|Issue 38|

Ohara Y et al . Diagnosis of NET and SPN
In conclusion, we have carried out comprehensive
immunohistochemical profiling of 24 cases of NET
and 6 cases of SPN of the pancreas. E-cadherin and
β-catenin are the most useful immunostaining markers
for differentiating between NETs and SPNs. On the
other hand, we also found two cases which showed
disagreement between the tumor morphology and
immunohistochemical profiles. These cases strongly
indicate the careful and precise assessments are
crucial for differential diagnosis between NETs and
SPNs.
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Background

Neuroendocrine tumor (NET) and solid-pseudopapillary neoplasm (SPN) are
two types of pancreatic tumor that were sometimes confused in differential
diagnosis. Morphological structures and immunohistochemical profiles have
often been the key guide for differentiating SPNs from NETs. However,
morphological or immunohistochemical features show overlap between NETs
and SPNs.
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Research frontiers

NET and SPN sometimes show malignant character such as liver metastasis;
however additional therapy after resection is different between the two tumors.
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The immunohistochemical review of surgical specimens of NETs and SPNs
demonstrated that E-cadherin, and nuclear labeling of β-catenin were the most
sensitive and specific among the examined markers for differentiating the two
type of tumors.
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Applications

15

The authors propose that the immunohistochemical analysis should be
extended to SPN-specific markers such as β-catenin, even if the tumors appear
to have a NET-like morphology.
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Terminology

SPN of the pancreas is an uncommon low grade malignant neoplasm. Exact
histogenesis of SPN remains uncertain. It is well known for its predilection in
young women.
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Peer-review

In the present study, the authors reviewed the morphological and
immunohistochemical profiles of 30 pancreatic tumors including 24 cases
of NET and 6 cases of SPN. The authors comprehensively surveyed the
usefulness of 9 markers in order to derive better diagnostic procedures for
differentiating between the two tumor types.
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Abstract
AIM
To determine whether contrast-enhanced ultrasono
graphy (CEUS) as the first-line method is more costeffective in evaluating incidentally discovered focal liver
lesions (FLLs) than is computed tomography (CT) and
magnetic resonance imaging (MRI).

Informed consent statement: Patients were not required to
give informed consent for this study because retrospective data
collection and analysis used anonymous clinical data that were
obtained after each patient’s agreement to examination by written
consent.

METHODS
Between 2010 and 2015, our prospective study enrolled
459 patients with incidentally found FLLs. The biological
nature of FLLs was assessed by CEUS in all patients.
CT or MRI examinations were added in unclear cases.
The sensitivity and specificity of CEUS were calculated.
The total costs of CEUS examinations and of the added
examinations performed in inconclusive cases were
calculated. Afterwards, the theoretical expenses for
evaluating incidentally discovered FLLs using CT or MRI
as the first-line method were calculated. The results

Conflict-of-interest statement: We have no financial relationships
to disclose.
Data sharing statement: 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
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
different terms, provided the original work is properly cited and
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ultrasound cannot be counted upon reliably to disting
uish between benign and malignant lesions. Therefore,
the new ACG clinical guideline: the diagnosis and
[2]
management of focal liver lesions has been published
and recommends further investigation of these lesions
using CT or MRI. Contrast-enhanced ultrasound (CEUS)
constitutes an alternative option for further evaluating
FLLs. European Federation of Societies for Ultrasound
in Medicine and Biology (EFSUMB) published guidelines
and recommendations for application of CEUS in
[3]
2004 . These guidelines were revised in cooperation
with the World Federation of Societies for Ultrasound in
[4,5]
Medicine and Biology (WFUMB)
in 2008 and 2012.
CEUS is an ultrasound technique whereby a special
intravenous contrast agent is administered. There are
several registered products on the market worldwide:
Definity (Lantheus Medical Imaging), Lumason (Bracco
®
Diagnostics), Optison (GE Healthcare), SonoVue
[6]
(Bracco Diagnostics), and Sonazoid (GE Healthcare) .
®
SonoVue ) is the only product currently registered
in the Czech Republic. This contrast agent is based
on gas microbubbles of size 1-10 μm, stabilized by a
[7]
phospholipid shell . It is a strictly intravenous contrast
agent enabling detailed evaluation of tissue perfusion
in real time.
CEUS is not a time-consuming method and, unlike
CT or MRI examinations, it can be performed in one
session along with non-contrast ultrasound immediately
upon finding a lesion. It benefits patients inasmuch
as they are, in most cases, immediately informed of
their diagnoses and are spared the stress of waiting
for another examination. It is advantageous for the
doctors, as well, because they can respond more
flexibly and quickly to their findings. Considering how
common liver lesions are, the cost of their diagnosis is
also important.
The aim of this study was to assess the economic
aspect and efficacy of CEUS in evaluating the biological
nature of incidentally found FLLs in comparison with
other standard modalities, namely CT or MRI.

were compared.
RESULTS
The total cost of the diagnostic process using CEUS for
all enrolled patients with FLLs was 75884 USD. When
the expenses for additional CT and MRI examinations
performed in inconclusive cases were added, the total
cost was 90540 US dollar (USD). If all patients had
been examined by CT or MR as the first-line method,
the costs would have been 78897 USD or 384235 USD,
respectively. The difference between the cost of CT
and CEUS was 3013 USD (4%) and that between MRI
and CEUS was 308352 USD (406.3%). We correctly
described 97.06% of benign or malignant lesions,
with 96.99% sensitivity and 97.09% specificity.
Positive predictive value was 94.16% and negative
predictive value was 98.52%. In cases with 4 and more
lesions, malignancy is significantly more frequent and
inconclusive findings significantly less frequent (P <
0.001).
CONCLUSION
While the costs of CEUS and CT in evaluating FLLs
are comparable, CEUS examination is far more costeffective in comparison to MRI.
Key words: Contrast-enhanced ultrasonography; Focal
liver lesion; Computed tomography; Magnetic resonance
imaging; Economic analysis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Diagnosing focal liver lesions (FLLs) is a part of
everyday practice, and therefore the cost-effectiveness
of their diagnosis is important. Our study compared the
costs of contrast-enhanced ultrasonography (CEUS),
computed tomography (CT) and magnetic resonance
imaging (MRI) in assessing the biological nature of FLL.
We have proven significant savings when using CEUS
instead of MRI. The costs of CEUS and CT examinations
can be considered comparable. There exist additional
parameters which influence the efficacy of individual
modalities.

MATERIALS AND METHODS
Patients

Between January 2010 and December 2015, CEUS of
the liver was performed 3638 times in our department.
Patients enrolled in the study were diagnosed with one
or more FLLs incidentally discovered: (1) by abdominal
ultrasound performed for another reason (abdominal
pain, diarrhoea, vomitus, dyspepsia, anaemia, etc.);
(2) during a staging ultrasound for a newly diagnosed
malignancy; or (3) during a follow-up ultrasound in
patients with an oncological disease (colorectal cancer,
breast cancer, renal carcinoma, etc.).
Exclusion criteria were (1) FLL previously known and
being followed up for some time; (2) solitary lesions ≤
1 cm with typical appearance of haemangioma or cyst
in patients without a history of malignancy (no follow[2]
up is needed according to the guidelines) ; (3) lesions

Smajerova M, Petrasova H, Little J, Ovesna P, Andrasina
T, Valek V, Nemcova E, Miklosova B. Contrast-enhanced
ultrasonography in the evaluation of incidental focal liver lesions:
A cost-effectiveness analysis. World J Gastroenterol 2016;
22(38): 8605-8614 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i38/8605.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i38.8605

INTRODUCTION
Incidental discovery of focal liver lesions (FLLs) occurs
very commonly in everyday practice. Although the
[1]
majority of these lesions are benign , non-contrast
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Table 1 Prices of individual examinations by year in USD
Modality
Non-contrast ultrasound
Contrast-enhanced US
CT
MRI

2010

2011

2012

2013

2014

2015

Average

31.89
165.02
139.14
856.79

37.98
171.82
142.99
850.51

37.98
164.19
132.52
825.08

38.09
164.3
133.12
793.17

38.31
164.51
133.22
763.98

38.42
164.61
130.62
778.23

37.11
165.74
135.27
811.29

The price of contrast agent is included when required. CT: Computed tomography; MRI: Magnetic resonance imaging.

CEUS

found by another diagnostic imaging modality (CT,
MRI) with an inconclusive result; (4) untargeted CEUS
performed for the purpose of finding malignant lesions
in the liver changed by cirrhosis or with heterogeneous
appearance; (5) assessment of response to treatment
of malignant FLL (i.e., after radiofrequency ablation);
and (6) CEUS results not confirmed by other diagnostic
imaging modality or by ultrasound scan in 6 mo time or
later.

When an FLL was incidentally discovered by noncontrast ultrasound scan during office hours, CEUS
was subsequently performed by the same radiologist.
That radiologist would not have been specialized in
liver imaging. The radiologists performing the US and
CEUS were either certified radiologists (5-15 years of
experience), or residents (9 mo to 5 years of practice)
under the supervision of a certified radiologist present
at the US department. Consultation with another
radiologist present at the US department was possible
and common. A senior radiologist (9-14 years of
experience) specialized in liver imaging was available
for consultation in unclear cases.
The ultrasound machines used were Ultrasound
System iU22 Vision (Philips, the Netherlands) and
Ultrasound System EPIQ 7 (Philips, the Netherlands).
When an FLL was found incidentally during a noncontrast ultrasound scan, an intravenous application
of 1.5-4.8 mL (median 2.5 mL) of the contrast agent
®
SonoVue (Bracco, Italy) followed. The contrastenhanced examination was performed in side by side
mode (B mode and contrast mode in one picture)
and lasted at least 3 min. Lesions were assessed and
[5]
classified in accordance with the literature .
The cost of CEUS ranged between 164.19 USD and
171.82 USD, depending upon the year. The price of
the non-contrast ultrasound examination and of the
contrast agent was already included into those figures.

System of public health care payments in the Czech
Republic

The majority of health care payments in the Czech
Republic are made by health care insurers, which are
private or state-owned companies. The insurers are
regulated by Act No. 48/1997 Coll. (known as the
[8]
Public Health Care Insurance Act) . There is a specific
point value (issued annually as a Regulation of the
[9-15]
Ministry of Health)
for every medical examination
or treatment. The same regulation also announces the
Czech crown (CZK) value of a point for the next year.
In addition to the system of state regulation, every
provider of health care (such as hospitals and general
practitioners, among others) may negotiate slightly
different conditions with all health insurers.
It is important also to note that some medical exami
nations are provided only by specialized departments.
In our study, we disregarded possible differences which
could ensue from negotiations with the various health
care insurers and thus used the standard prices as
issued by the Ministry of Health.
The presented costs are final (covering the costs of
work by medical staff and consumption of material),
and the providers of health care receive no other
payments from either insurers or patients. The final
prices of the examinations for each year are presented
in Table 1.

CT

CT examination was performed on a Brilliance 64
scanner (Philips, the Netherlands). Non-contrast
scans were followed by contrast-enhanced CT accor
ding to a specific protocol for liver lesion evaluation
which calls for administering 100-125 mL (median
125 mL) of an intravenous contrast agent in proportion
to the patient’s body weight. In our hospital, Iomeron
350 (Bracco, Germany) is mostly used.
The cost of CT was 130.62-142.99 USD, depending
upon the year, including the cost of the contrast agent.

Ultrasound

Upon discovering an FLL, a non-contrast ultrasound
scan was made to assess its presence, number,
size, and appearance in B mode. The cost of this
examination also is a part of that for an FLL diagnosis.
When calculating the total cost of CT and MRI stra
tegies, the price of the non-contrast ultrasound scan
also was included.
The price of a non-contrast abdominal ultrasound
scan varied from 31.89 to 38.42 USD, depending on
the year such examination was performed.

WJG|www.wjgnet.com

MRI

MRI of the liver was performed in supine position on
an Achieva 1.5T MR system (Philips, the Netherlands)
and using a SENSE SL Torso coil. Non-contrast images
were first obtained and there followed intravenous
application of the contrast agent Primovist 0.25 mmol/mL
(Bayer, Germany). The amount of contrast medium
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Table 2 Numbers of patients and contrast-enhanced ultrasonography findings by year n

Total sum
Benign
Malignant
Inconclusive

2010

2011

2012

2013

2014

2015

Total

38
16
15
7

53
27
21
5

73
45
19
9

85
50
27
8

124
72
39
13

86
61
16
9

459
271
137
51

applied depended on the weight of the patient and was
in the range 15-20 mL (median 15 mL; once opened
the ampoule cannot be reused).
The price of MRI consists of the sum of the com
ponent procedures: basic sequences for liver evalua
tion, diffusion-weighted imaging (DWI) and apparent
diffusion coefficient (ACD) maps, contrast-enhanced
MRI. The price for 2 × 10 mL of Primovist is then added.
The total cost of an MRI examination was in the range
763.98-856.79 USD, varying by year.

Statistical analysis

counted the expenses for groups of patients in indi
vidual years and then the total sum for the period as
a whole. We based our calculations on the prices of
examinations mentioned above.
We established the costs for individual years and
then for the period as a whole. All expenses are stated
in USD, although all were paid in CZK. The average
exchange rate for the period from 1 January 2010
through 31 December 2015 was used in the cost
[21]
calculations, meaning 1 USD = 20.21 CZK .
The statistical methods of this study were reviewed
by Petra Ovesna from the Institute of Biostatistics and
Analyses, Masaryk University, Brno, Czech Republic.

[5]

In accordance with the literature , the number, size,
and biological nature (malignant, benign, indeterminate)
of each FLL were evaluated with CEUS. When possible,
benign lesions were subclassified as haemangioma,
focal nodular hyperplasia, pseudolesion, focal steatosis,
2
cyst, abscess, or haematoma). A χ test was used to
evaluate the relationship between the number and
biological nature of the lesions.
The sensitivity and specificity of CEUS for our
department were calculated.

RESULTS
The study included 459 patients, 212 (46.2%) of which
were men and 247 (53.8%) of which were women.
Ages ranged from 21 to 93 years (mean 63.4 years).
Together, they accounted for 1335 FLLs discovered
incidentally by non-contrast ultrasound. Benign
lesions were discovered in 271 (59.1%) patients
and malignant lesions in 137 patients (29.8%). In
51 (11.1%) patients (Figure 1), the CEUS result was
inconclusive. All lesions were further evaluated with
another diagnostic imaging modality or followed up
with ultrasound. The findings during individual years
are given in Table 2.
One lesion was found in 276 (60.1%) patients, 2 to
3 lesions in 101 (22%) patients, and 4 or more lesions
in 82 (17.9%) patients.
As illustrated in Figure 2, it is clear from our results
that in cases with 4 and more lesions malignancy is
significantly more frequently seen and the proportion
of inconclusive findings is significantly less (P < 0.001).
Of benign lesions, there were 136 (58.2%)
haemangiomas (Figure 3), 23 (7.7%) focal nodular
hyperplasia (Figure 4), 58 (24%) pseudolesions, 16
(3.1%) focal steatoses, 16 (4.01%) cysts, 6 (0.5%)
liquid collections, and 5 other findings (haematoma,
postoperative changes, dysplastic nodule in cirrhotic
liver). In 26 (6.6%) patients, the lesions were not
further subclassified but the nature of those lesions
was described as benign. In 13 patients, two types of
lesions occurred.
To be able to calculate the specificity and sensitivity
of CEUS in our study, the findings had to be verified
by another diagnostic imaging modality which is
considered a gold standard or to be unchanged over
an extended period of time. Lesions were subsequently

Economic analysis

The total cost of CEUS examinations of all patients was
calculated. We then worked out what the expenses
would have been if the biological nature of the FLL had
been assessed by CT or MRI as the first-line method in
all patients. The price of the non-contrast ultrasound
scan was added. The expenses were subsequently
compared to establish theoretical savings or losses.
It is especially important for managing the patient
to establish the biological nature of a lesion, meaning
to determine if it is malignant or benign. Neither CEUS
nor CT nor MRI is always reliable in defining the final
diagnosis. Those cases in which the findings of CEUS
were not clear formed the group “inconclusive”. In
these patients, further investigation was essential,
either using another diagnostic imaging modality (CECT or CE-MRI) or with repeated ultrasonography scans.
The cost of such additional examinations increased the
expenses for diagnosing FLLs in cases of inconclusive
CEUS findings. When CEUS results were conclusive,
the expenses corresponded to the price of CEUS.
Given the sensitivity and specificity of CEUS in our
study and considering data already published from
[16-20]
other studies
, we regarded the reliability of CEUS,
CT, and MRI to be comparable. Therefore, the costminimization analysis was conducted.
In calculating the cost-effectiveness of CEUS, we
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Figure 1 Liver metastasis of spinocellular carcinoma. Male, 75 years of age, with history of spinocellular carcinoma of the left lung. Emergency ultrasound
performed for colicky abdominal pain identifies a hypoechoic lesion in segment S8 of the right liver lobe (A); Upon contrast-enhanced ultrasonography (CEUS)
examination, the lesion shows increased enhancement in arterial phase compared to surrounding parenchyma (B); In following phases (C), there is detectable
washout typical for malignant lesions. On CT performed for another reason there is a hypodense lesion on portal venous phase (D) corresponding to metastasis.

negative predictive value was 98.52%.
The cost of CEUS for the 459 enrolled patients
with incidentally found FLLs was 75884 USD, thus
averaging 165.3 USD per patient.
In 51 patients with inconclusive CEUS findings,
the costs were increased by additional CT or MRI
examination or ultrasonography follow-up (CT was
performed in 33 patients, MRI in 10 patients, and
ultrasound follow-up in 8 patients; Table 3). The total
cost of additional examinations was 14657 USD.
The total cost of diagnosing FLLs while pursuing a
CEUS strategy was therefore 90540 USD, averaging
197.3 USD per patient.
Theoretically, if all FLLs incidentally found by noncontrast ultrasound scans would have been evaluated
with CT, the expenses for 459 patients would have
been 78897 USD for the whole period, meaning 171.9
USD per patient.
In case of using MRI after the initial non-contrast
ultrasound scan, the cost for 459 patients would have
been 384235 USD, meaning 837.1 USD per patient.
Inconclusive findings could be expected even
when using CT or MRI, and such patients would have
to be examined further (using MRI after CT, PET/CT,
biopsy, CT or MRI follow-up). That would increase
the total cost of these strategies. Considering that
similar sensitivity and specificity are described in the
[16-23]
literature for CEUS and CT
, a similar incidence of
inconclusive results could be expected. We could find

Inconclusive
Malignant
Benign
100%
90%
80%
Proportion

70%
60%
50%
40%
30%
20%
10%
0%

   1
(n = 276)

   2-3
(n = 101)

≥4
(n = 82)

Number of lesions

Figure 2 Correlation between number of lesions and diagnostic result of
contrast-enhanced ultrasonography. When 4 and more lesions exist, the rate
of malignancy is higher and the proportion of inconclusive results lower (P <
0.001).

evaluated by CT or MRI (either performed as a followup examination or as an assessment of a response to
treatment) or they were observed by ultrasound for
longer than 6 mo or verified by histology.
We described 97.06% of benign or malignant
lesions correctly with 96.99% sensitivity and 97.09%
specificity. Positive predictive value was 94.16% and
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Figure 3 Haemangioma. Female, 57 years of age. Ultrasound scan performed for dyspepsia, a hyperechoic lesion found in segment S8 of the right liver lobe (A);
Peripheral nodular enhancement after application of the contrast agent (B, C); In the late phase, the lesion blends in with the surrounding liver parenchyma (D); An
identical pattern of enhancement could be seen in CT performed later from a different indication (E). Both findings suggest haemangioma.

Table 3 Number of patients with inconclusive contrast-enhanced ultrasonography findings by year and by second-line examination
methods

Total
Methods used for examining inconclusive findings
Ultrasound follow-up
CT
MRI

2010

2011

2012

2013

2014

2015

Total

38

53

73

85

124

86

459

1
4

3
6

1
6
1

2
9
2

1
4
4

8
33
10

4
3

CT: Computed tomography; MRI: Magnetic resonance imaging.

no relevant data as to how many such results may
occur, however, and therefore the cost of possible
additional examinations could not be added.
Over the period of the study, the difference in total
cost between CT and CEUS was 3013 USD (4%; i.e.,
6.6 USD per patient) and between MRI and CEUS

WJG|www.wjgnet.com

it was 308352 USD (406.3%; i.e., 471.8 USD per
patient). Those also are the sums we hypothetically
saved using CEUS as the method of choice instead
of CT or MRI in evaluating the biological nature of
incidentally found FLLs.
If the costs of further investigating inconclusive
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Figure 4 Focal nodular hyperplasia. Female, 52 years of age, with anaemia. Native ultrasound (A) shows 19 mm hypoechoic lesion in segment S2 of the left liver
lobe. On subsequent contrast-enhanced ultrasonography (CEUS) examination, there is increased centrifugal perfusion in arterial phase (B); In the late phase (C),
the lesion blends in with the surrounding liver parenchyma and there is no sign of washout. The CEUS diagnosis was FNH. Magnetic resonance imaging (MRI); (D)
performed for another reason after three months verifies the diagnosis - lesion with high signal on hepatobiliary phase of contrast-enhanced MRI.

Table 4 Total costs of individual strategies in USD

CEUS
Examination
Additional examination
Total
CT
Examination
MRI
Examination

2010

2011

2012

2013

2014

2015

Total

Total per
patient

6271
3350
9621

9107
800
9906

11986
1251
13237

13965
1935
15900

20399
3302
23700

14156
4020
18176

75884
14657
90540

165.3
287.4
197.3

6499

9591

12447

14553

21269

14537

78897

171.9

33770

47090

63004

70657

99483

70232

384235

837.1

Prices for computed tomography (CT) and MRI strategies do not include the expenses for investigating inconclusive cases. CEUS: Contrast-enhanced
ultrasonography; MRI: Magnetic resonance imaging.

CEUS findings were included, then examination with
CT would be less costly by 11643 USD (12.9%) for
the period (i.e., by 25.4 USD per patient). Evaluation
with MRI would be still more costly by 293695 USD
(324.4%) for the period (i.e., 639.9 USD per patient).
The prices for CT and MRI examinations do not include
expenses for further evaluating possible inconclusive
findings.
Table 4 summarizes the prices of individual exami
nations for the individual years and for the period as a
whole.
Savings and losses for individual diagnostic stra
tegies are summarized in Table 5.
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DISCUSSION
The nature of all lesions of the patients enrolled in
the study was evaluated by CEUS and subsequently
verified. The nature of 97.06% of lesions was correctly
determined by CEUS, with sensitivity 96.99% and
specificity 97.09%.
Our results were comparable to those from other
[22-26]
studies in other countries which pursued this topic
.
The high sensitivity and specificity in our group may be
attributed to the option to consult a specialized senior
radiologist and to quantify the perfusion.
By comparison, a large German multicentre study
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sessed the costs of evaluating 149 liver lesions. The
final savings were 128.5 EUR per lesion when using
CEUS.
[34]
Finally, another Italian study
evaluated 398
patients with benign FLLs between 2002 and 2005. The
cost of one CEUS examination was 101.51 EUR and
that of CT was 211.48 EUR. The final cost saving was
47055 EUR when using CEUS as the first-line diagnostic
imaging modality after non-contrast ultrasound.
In our prospective study, the difference between
the total costs of CEUS and CT, at just 3013 USD
(i.e., + 4%) for the entire period, was relatively small
compared to those from studies published previously.
Adding in the cost for further investigation of
inconclusive CEUS findings would bring that difference
to 11643 USD (i.e., +12.9%).
The high price of the contrast agent for CEUS in the
Czech Republic increases the overall cost of a CEUS
examination (average 165.74 USD) compared to the
price of CT (average 135.27 USD) and contributes to
the relatively small savings in comparison with other
studies.
The difference between the cost of CEUS and MRI
was significant even in our study, at 308352 USD (i.e.
406.3%). Adding in the cost for further investigation of
inconclusive CEUS findings, that difference would have
been 293695 USD (i.e., +324.4%).
The hypothetical cost of diagnosing FLLs with CT
and MRI does not include the expenses for further
evaluation of inconclusive findings, which would
certainly arise. Such patients would have to be
followed up or examined using another diagnostic
modality (MRI, PET/CT, biopsy or surgery, including the
costs of hospitalization and possible complications).
Accordingly, the total cost of these diagnostic scenarios
would have increased and the cost-effectiveness
of CEUS would have been even more pronounced.
Unfortunately, we could find no published data which
would indicate numbers of inconclusive CT and MRI
findings in evaluating FLLs. Therefore, we could not
include the hypothetical cost of possible additional
examinations.
A disadvantage of CT is its necessity for intra
venous application of iodinated contrast agent with
accompanying risks of its having side effects and
causing complications (allergic reaction, anaphylactic
shock, etc.). The cost of treating such complications
was also not included in the total expenses. These
complications are rare, however, and the cost of their
treatment would probably not significantly alter the
result of this study. In cases of using MRI and CEUS
examinations, as we did, these reactions are even rarer.
Additionally, patients with known or suspected
allergy to iodinated contrast agent would have to be
examined by MRI, which is more expensive. We did
not take this into account, but it would certainly further
raise the total cost of diagnosis while pursuing a CT
strategy.
In the Czech Republic, MRI is still an expensive

Table 5 Differences between costs of computed tomography
and magnetic resonance imaging strategies and contrastenhanced ultrasonography strategy (USD, %)
Difference in
USD
CT
CEUS vs CT
CEUS + additional vs CT
MRI
CEUS vs MRI
CEUS + additional vs MRI

Difference
per patient
in USD

Difference
(%)

-3013
11643

-6.6
25.4

-4.0
12.9

-308352
-293695

-671.8
-639.9

-406.3
-324.4

Prices for computed tomography (CT) and MRI strategies do not include
the expenses for investigating inconclusive cases. Negative values indicate
magnitude of savings while positive values indicate level of higher costs.
CEUS: Contrast-enhanced ultrasonography; MRI: Magnetic resonance
imaging.

[22]

(the DEGUM study)
evaluated 1349 patients with
liver lesions. Malignant and benign lesions were
correctly differentiated in 95.7% of patients with
sensitivity 95.8% and specificity 83.1%.
[23]
In a French multicentre study , 874 patients
with 1034 FLLs were examined and CEUS results
were compared to gold standard methods (CE-CT,
CE-MR, or liver biopsy). In this case, 73% of benign
and malignant FLLs were correctly evaluated, with
sensitivity 79% and specificity 88%.
[24]
Finally, another German study
observed 317
patients, 89% of which were correctly diagnosed by
CEUS, with sensitivity 90% and specificity 99%.
A number of other studies also address specificity
[27-30]
and sensitivity of CEUS
. With regard to cost
effectiveness, several published studies have reported
[31-34]
significant savings when using CEUS
.
[31]
An Italian multicentre prospective study
eva
luated 485 patients with 575 lesions. Two diagnostic
algorithms were compared: a standard approach (after
finding a liver lesion with non-contrast ultrasound,
CT or MR follows) at a total cost of 134576 EUR for
diagnosing the nature of lesions and a new strategy
(non-contrast ultrasound immediately followed by
CEUS) at a cost of 55674 EUR. Using CEUS resulted in
savings of 78902 EUR (i.e., 162 EUR per patient).
[32]
A German study
also compared the economic
aspect of using CEUS and CT in evaluating incidentally
found FLLs. It concluded that CEUS was the more
cost-effective method for all scenarios in which CEUS
examinations were performed at specialized centres.
The price for CEUS ranged between 122.18 and 184.53
EUR, and the price for multi-phase CT was 223.19
EUR. With approximately 40000 incidentally found
FLLs in Germany per year, systematic implementation
of CEUS would result in savings of around 4 million
EUR/year. The cost of CEUS examination would be
significantly higher, however, if performed also at nonspecialized centres, where the price for one CEUS
[32]
examination could average 407.87 EUR .
[33]
The data from a French multicentre study
as
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Peer-review

examination and one that for many patients is poorly
accessible due to a small number of available devices
and their high workload. Therefore, CEUS is more
advantageous not only in terms of cost-efficiency but
also of accessibility and usage. Another significant
impact of these disadvantages is that CT is used as
the second-line examination method after inconclusive
CEUS findings rather than MRI.
Important advantages of CEUS are the absence of
ionizing radiation, good accessibility, short duration,
and its possibility to be conducted immediately after
the non-contrast ultrasound scan. Thus, the patient is
examined in a single session and need not wait weeks
for another examination and diagnosis.
Unfortunately, although health insurance covers
CEUS examinations performed in our specialized
centre, this is not the case for district hospitals in the
Czech Republic.
In conclusion, the expenses for diagnosing FLLs
with CEUS are comparable to those of CT. Important
advantages of CEUS are the absence of radiation and
the speed of diagnosis while maintaining diagnostic
accuracy. Moreover, CEUS is significantly more costeffective in comparison with MRI.

The authors have performed a very good study. The manuscript is interesting.
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Abstract
AIM
To investigate the incidence of achalasia in Algeria and
to determine its clinical and para-clinical profile. To
evaluate the impact of continuing medical education
(CME) on the incidence of this disease.

Supported by the Algerian Ministry of Population Health and
Hospital Reform and the Ministry of Higher Education and
Scientific Research (in part).

METHODS
From 1990 to 2014, 1256 patients with achalasia were
enrolled in this prospective study. A campaign of CME
on diagnosis involving different regions of the country
was conducted between 1999 and 2003. Annual
incidence and prevalence were calculated by relating
5
the number of diagnosed cases to 10 inhabitants.
Each patient completed a standardized questionnaire,
and underwent upper endoscopy, barium swallow and
esophageal manometry. We systematically looked for
Allgrove syndrome and familial achalasia.
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RESULTS
The mean annual incidence raised from 0.04 (95%CI:
5
0.028-0.052) during the 1990s to 0.27/10 inhabitants/
year (95%CI: 0.215-0.321) during the 2000s. The
incidence of the disease was two and half times higher
in the north and the center compared to the south of
the country. One-hundred-and-twenty-nine (10%) were
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CONCLUSION
The mean incidence of achalasia in Algeria is at
5
least 0.27/10 inhabitants. A good impact on the
incidence of CME was noted. A gradient of incidence
between different regions of the country was found.
This variability is probably related to genetic and
environmental factors. The discovery of an infantile
achalasia must lead to looking for Allgrove syndrome
and similar cases in the family.

symptoms are aspecific, such as dysphagia, chest
pain, regurgitation, weight loss, and rarely pulmonary
complications. The diagnosis is based on esophageal
[5]
manometry (EM) results, noticed during swallowing .
Few epidemiological studies around the world have
been devoted to it. Most of them were carried out
in Western countries and showed that it is a rare
condition. The mean prevalence and incidence worldwide
5
5
have been estimated as 10/10 and 1/10 inhabitants
[6]
respectively . No study assessing the characteristics
of achalasia in Algeria, an African and Mediterranean
country, has been published so far.
This work aims to evaluate the incidence and
prevalence of achalasia, and to study its clinical and
para-clinical features in this country.

Key words: Achalasia; Incidence; Allgrove syndrome;
Manometry; Continuing medical education

MATERIALS AND METHODS

children and 97 (7.7%) had Allgrove syndrome. Familial
achalasia was noted in 18 different families. Patients
had dysphagia (99%), regurgitation (83%), chest pain
(51%), heartburn 24.5% and weight loss (70%). The
lower esophageal sphincter was hypertensive in 53%
and hypotensive in 0.6%.

Patients and methods

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

In this prospective study, 1256 patients [653 (52%)
females and 603 (48%) males; mean age: 43.3 ±18.7
years (3 mo-86 years)] with achalasia were enrolled
over a period of 25 years, from 1990 to 2014, from
among the 106795 patients investigated by upper
endoscopy for various purposes. The patients were
grouped based on their geographical origin, among
three regions (Figure 1). Region 1 included coastal and
center cities, characterized by a Mediterranean climate
and a diet based on fruits, vegetables and cereals (14
cities; number of inhabitants: 12689307). Region 2
included the highlands cities, characterized by a dry
climate and a diet based on cereals and vegetables
(22 cities; number of inhabitants: 15501671). Region
3 included the Southern cities adjacent to the subSaharan Africa, characterized by hot climate and a diet
based on dates, meat and cereals (12 cities; number
of inhabitants: 3870697). This work was funded by
the Ministries of Health and of Higher Education.
Continuing medical education (CME) campaigns were
conducted between 1999 and 2003 in different regions
of the country (Figures 1 and 2). It focused on the
clinical manifestations of the disease, particularly in
the interest of EM to confirm diagnosis and provide
information to both general practitioners and specialists
that our department is the reference center in the
management of achalasia, as well.
This study was carried out following two steps at
our institution, which is the national reference center
in Algeria regarding the management of esophageal
motility disorders. Along the first step, from 1990 to
1998, the disease was largely unknown in Algeria
and during the second step, from 1999 to 2014, the
disease was more familiar to practitioners through CME
campaigns.

Core tip: The exact incidence of achalasia is unknown.
Few epidemiological studies around the world have
been devoted to it. The impact of continuing medical
education (CME) on incidence of achalasia has not been
evaluated. This study showed that CME has a positive
effect on the incidence of this disease. In fact, the
mean incidence raised from 0.04 (95%CI: 0.028-0.052)
5
during the 1990s to 0.27/10 inhabitants/year (95%CI:
0.215-0.321) during the 2000s. This incidence was
two and half times higher in the north and the center
compared to the south of the country. This variability is
probably related to genetic and environmental factors.
Tebaibia A, Boudjella MA, Boutarene D, Benmediouni F,
Brahimi H, Oumnia N. Incidence, clinical features and paraclinical findings of achalasia in Algeria: Experience of 25 years.
World J Gastroenterol 2016; 22(38): 8615-8623 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i38/8615.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i38.8615

INTRODUCTION
Achalasia is a primary esophageal motility disorder
characterized by esophageal aperistalsis and failure of
the lower esophageal sphincter (LES) to relax normally
with swallowing. It is self-secondary to a degeneration
[1,2]
of the myenteric plexus . Its etiology remains, to
date, unknown. However, the existence of family cases,
most often falling under Allgrove syndrome, suggests
the existence of genetic factors predisposing to this
condition. Infectious and auto-immune processes have
[3,4]
also been postulated .
Achalasia is a motility disorder that can occur at
any age, from newborns to the elderly. The revealing
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capillary infusion, connected to a polygraph. Patients
had to fast for at least 12 h. Stopping all drugs that
can act on esophageal motility was systematically
recommended.
The probe was nasally introduced until the side
holes of the 4 sensors were placed in the stomach.
The probe was then progressively removed from the
stomach, cm by cm, with identification of the LES on
the recorded graph at each of the 4 channels in order
to calculate the length and the mean basal pressure
of the LES. The esophageal motility was studied by
performing 10 water swallows spaced at least 30 s
apart. Classic achalasia diagnosis was made when a
total aperistalsis was noticed (100% of non-peristaltic
waves) associated or not with an increased LES tone
(> 34 mm Hg) and/or a LES failure to relax (< 80%
of the basal pressure), with absence of any organic
barrier at the GEJ. The diagnosis of vigorous achalasia
was made when aperistalsis was associated to an
amplitude contraction wave ≥ 40 mm Hg.

R1
R2
R3

Figure 1 Map of Algeria. R: Region.
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Diagnosis criteria of Allgrove syndrome and
familial achalasia: Allgrove syndrome diagnosis was
made when at least 2 out of the 3 following signs were
present: achalasia, Alacrima, adrenal insufficiency.
Familial achalasia diagnosis was established when
at least 2 members of one family had achalasia,
whether it was isolated (sporadic achalasia) or fell
under Allgrove syndrome (syndromic achalasia).
Consanguinity, defined as first- or second-cousin
marriages, was systematically looked for.
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Figure 2 Number of cases of achalasia diagnosed each year and
continuing medical education campaign. CME: Continuing medical
education.

origin, the number of consultations before achalasia
was diagnosed, the history of symptoms and their
nature, as well as their severity. Dysphagia, regur
gitation and chest pain were scored from 0 to 3,
based on their frequency, but weight loss was scored
based on its severity from 0 to 3, as well. We also
systematically looked for heartburn and respiratory
events (i.e. cough, dyspnea, asthma), familial achalasia
and Allgrove syndrome.

Exclusion criteria: Other esophageal motility disorders,
collagen diseases, prior esogastric surgeries, eosinophilic
esophagitis and tumors of GEJ were excluded.

Statistical analysis

Statistical analysis was performed using the SPSS
software version 17.0. Annual incidence of achalasia
was calculated by relating the number of diagnosed
5
cases to 10 inhabitants, based on a population
reported annually by the National Office of Statistics in
Algeria (ONS; web: http://www.ons.dz). Quantitative
variables were expressed in gross figures, proportions
and rates. Rates of different results have been
calculated with their 95%CI. Differences between
2
proportions were calculated using χ and the P value
was considered significant when it was lower than
0.05.
Comparison of the achalasia different means in
cidence, delay diagnosis means and age at diagnosis
corresponding to the three periods of 1990-1997,
1998-2005 and 2006-2014 was performed through a
variance analysis. Comparison of the achalasia different
means incidence corresponding to the different regions
in Algeria (north, highlands and south) was made, as
well.

Esophageal barium swallow: The diagnosis of
achalasia was suspected in the presence of at least one
of the following radiological signs: regular narrowing of
the gastroesophageal junction (GEJ), slightly extended
in “bird’s beak” and/or dilatation of the esophageal
body (EB) with absence of contractions. This dilatation
was classified into four stages defined according to the
diameter of the esophagus.
Esophagogastroduodenoscopy: Endoscopy was
performed by four senior doctors aiming to look for
signs in favor of achalasia and complications such
as esophagitis, esophageal candidiasis or an overcardial diverticulum. It was also intended to eliminate
other causes of stenosis of GEJ (i.e., neoplasm, peptic
stenosis).
EM: EM was carried out using an Arndorfer pneumohydraulic perfusion system with a low compliance
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Figure 3 Number of cases of achalasia in the different regions according to time.

of achalasia diagnosed per year during periods from
1990 to 1997, 1998 to 2005 and 2006 to 2014 was
respectively 10, 34.3 and 99.4 cases. The mean annual
incidence from 1990 to 1997 was of 0.04 patients/
5
year/10 inhabitants. From 1998 to 2005, it increased
5
to 0.1 patients/year/10 inhabitants to reach a rate of
5
0.27 patients/year/10 inhabitants from 2006 to 2014
(P < 0.001) (Table 1). The prevalence of achalasia
in Algeria during 2014 has been estimated to 3.2
5
patients/10 inhabitants (1256/39928947). More
interesting, the incidence in regions 1 and 2 were three
times more important when compared to region 3 (Table
5
2): 0.21 patients/year/10 inhabitants vs 0.12 vs 0.07
(P < 0.001).
The average number of consultations that preceded
the diagnosis of achalasia was 6 ± 8.7 (range: 3 to 21
consultations).
The mean delay diagnosis of achalasia from 1990
to 1997 was 75.78 mo (95%CI: 50.93-100.63).
From 1998 to 2005, it dropped to 54.68 mo (95%CI:
45.39-63.97) to reach a mean of 48.76 mo (95%CI:
43.22-54.30) from 2006 to 2014. However, this
difference was not significant between the three
periods (P > 0.05). Allgrove syndrome was noted in
97/1256 (7.7%) patients [female (53%); mean age:
16.23 ± 10.4; range: 8 mo-41 years]. It was a 3A
syndrome in 46.4% (45/97) of cases, a 2A syndrome
in 25.7% (25/97) of cases and a 4A syndrome in
27.8% (27/97) of cases. Consanguinity was found in
63% (61/97) of cases. It always included a neonatal
alacrima while respective rates of achalasia, adrenal
insufficiency, neurological abnormalities were 100%

Table 1 Mean incidence of achalasia between 1990-2014
Year interval

1990-1997
1998-2005
2006-2014

Mid-period
population

Cases, n

Mean incidence,
5
(cases/10
inhabitants/yr)

95%CI

28385621
32370618
37128618

87
274
895

0.04
0.108
0.268

0.028-0.025
0.072-0.144
0.215-0.321

Significance degree P < 0.001.

Table 2 Mean Incidence of achalasia according to different
region of country
Mid-period
Cases, n
population 1990
to 2014 (2002)

Regions of
country
R1 North
R2 High plains
R3 South

12689307
15501671
3870607

693
488
75

5

Cases/10
habitants/
yr

95%CI

0.2184
0.1256
0.0772

0.1811-0.2501
0.0921-0.1536
0.0432-0.1121

Mean incidence of cases: P < 0.001.

RESULTS
Our study included 1256 patients from the 48 Wilayas
(provinces) of the country (Figure 1). The average age
at diagnosis was 45 years (95%CI: 38.0-52.0) during
the first period, 40.7 years (95%CI: 38.6-42.9) during
the second one and 40.3 (95%CI: 39.0-41.6) between
2006 and 2014, but the difference was not statistically
significant (P > 0.05).
The number of cases diagnosed each year is shown
in Figures 2 and 3. The average number of new cases
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2% (25/1256) of cases. More rarely, it was a genuine
bronchial asthma in 12/1256 (0.9%). Pulmonary
banal germ abscess, pulmonary tuberculosis and a
mediastinal syndrome were noted in respectively 0.3%
(4/1256), 0.16% (2/1256) and 0.3% (4/1256) of cases
(Table 3).

Table 3 Clinical profile of 1256 patients with achalasia n (%)
Female/male
Age
Adult/children
Non-syndromic achalasia/
syndromic achalasia
Familial achalasia (18)
Syndromic achalasia
Sporadic (isolated) achalasia
Duration of symptoms (mo)
Dysphagia
Regurgitation
Chest pain
Weight loss
Mean weight loss (kg)
Heartburn
Respiratory manifestations

653 (52)/603 (48)
43.3 ± 18.7 yr (3 mo-86 yr)
1127 (89)/129 (10.3)
1153/97
41
34
7
59.5 (2-480)
1243 (99)
1042 (83)
690 (55)
879 (70)
7 ± 5.9 (1-40)
308 (24.5)
280 (22.3)

Para-clinical data

Esophageal barium swallow was performed in 95%
(1193/1256) of patients. It allowed note of a typical
aspect of bird’s beak stenosis in 87% (1037/1193) of
cases and a dilatation of the EB in 95% (1193/1256)
of cases. The mean esophageal diameter was 5.8 ± 4.3
cm (95%CI: 1.9-8.5). The respective rates of stages
0, Ⅰ, Ⅱ and Ⅲ of dilatation were 6%, 28%, 42% and
24%.
Endoscopy was pathological in 85% (1067/1256)
of cases. A popping effect, a fluid stasis and the EB
dilation aspect were observed respectively in 47%
and 53% of cases. The popping effect was isolated
in 414/1256 (33%) patients, whereas the fluid stasis
was always associated to an EB dilation aspect.
Esophageal candidiasis and stasis esophagitis were
noted respectively in 6% (75/1256) and 0.4% (5/1256)
of cases.
Manometry was performed in 1186 patients and the
LES pressure (LESP) was specified in 76% (954/1256)
cases. A failure of the probe passage through the
cardia, due to an EB tortuosity or an absence of LES
opening, was observed in 24% (302/1256) of patients.
The mean LESP was 32.17 ± 15 mmHg. The LES was
normotensive in 47% (448/954), hypertensive in 53%
(505/954) of patients and hypotensive in 0.6% (6/954)
of cases.
Incomplete or absent LES relaxation was noted in
98% (934/954) of cases. Relaxation rate ranged from
0% to 25% in 383/954 (40%) patients, from 26% to
50% in 327/954 patients (34%) and from 52 to 80%
in 196/954 (20.5%) patients. Esophageal peristalsis
was evaluated in 94.4% (1186/1256) of patients. An
extended aperistalsis to the whole EB was constant.
Vigorous achalasia was noted in 26% (308/1186)
of cases. The average amplitude of the contractile
wave was 20.78 ± 18.67 (95%CI: 0-37) mmHg
in the classic achalasia group and 57 ± 19 (range:
40-134 mmHg) in the vigorous achalasia group. The
esophageal basal pressure was studied in 277 patients.
It was always positive with a mean value of 4.7 ± 5
mmHg (range: 0-18) (Tables 4 and 5).

Values are expressed as number of patients (%) or mean ± SD.

Table 4 Esophageal barium swallow results in 1193 (95)
patients with achalasia n (%)
Bird's beak aspect
Mean esophageal diameter (cm), mean ± SD
≤ 2 cm (normal)
2-4
4-6
6-9
Hiatal hernia
Epiphrenic diverticula

1037 (87)
5.8 ± 4.3
60 (5)
334 (28)
513 (43)
286 (24)
6
2

(97/97), 46% (45/97) and 52.6% (51/97). There
was a familial achalasia in 41 patients belonging to
18 different families. It was a syndromic achalasia
in 34/41 belonging to 15/18 families. Achalasia was
sporadic in 7/41 (17%) other patients from 3/18
remaining families. The average number of subjects
affected by family was 2.26 (range: 2-4). All familial
achalasia cases were observed in siblings (brothers
and sisters). No case of parent/child achalasia has
been recorded. Among children, classic and familial
syndromic achalasia were noted in respectively 55%
(71/129) and 45% (58/129) of cases.

Clinical results

Dysphagia was observed in 1243/1256 (98.9%)
patients and regurgitation in 1042/1256 (83%)
patients. Retro-sternal, epigastric or inter-scapulars
pain were noted in 640/1243 (51%) patients. They
preceded dysphagia of several months [average: 23
± 14 mo (6-36) mo] in 2.5% (32/1256) of patients.
Weight loss was present in 879 (70%) patients. The
mean weight loss was 9.5 ± 7 kg (range: 1-40 kg).
Heartburn was noticed in 308/1256 patients (24.5%)
and respiratory symptoms were present in 280/1256
(22.3%) patients. Nocturnal cough, effort dyspnea
and recurrent bronchial infections were noted in
respectively 14.5% (182/1256), 5% (63/1256) and
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Data concerning the epidemiology of achalasia in
Africa are lacking, and the epidemiology of the disease
in Algeria has never been studied. To our knowledge,
this is the first study of achalasia in our country. This
prospective study focused on a large series of 1256
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of this disorder is probably underestimated in these
regions.
In our study, we found a gradient between different
regions of the country. The incidence of the disease
was two and half times higher in the north and the
center compared to the south (0.196 vs 0.116 vs
0.062). These regions have ethnic (predominance of
black patients at the south of the country), climatic
and food differences. We believe that the incidence of
achalasia is underestimated in Algeria, especially in
the south, because of many factors, one of them being
the limited access to our institution due to distance
and possibly to socio-economic status and the quality
of medical coverage. In the United States, various
epidemiological studies carried out in the country
showed no achalasia incidence differences between
[15,16]
black people and those with white skin
. Thus, this
variability in incidence between races, different regions
in the world and different regions of a same country,
implies, as has been suggested by some authors,
the existence of environmental and genetic factors
[17-19]
responsible for the occurrence of the disease
.
[20]
Achalasia affects both sexes with equal rate
as
shown in our study. The mean age of diagnosis of this
motility disorder which affects adults in most cases
in Western series, varies between 46-years-old and
66-years-old, with two peaks of incidence in the third
[15,18,21]
and seventh decade of life
.
In our study, patients were relatively younger;
whereas the mean diagnosis period was 59.7 mo,
ranging from 2 mo to 480 mo. This diagnosis latency is
probably due to aspecific symptoms that may delay the
[22]
condition diagnosis investigation . To our knowledge,
the diagnosis period (mean delay diagnosis) and age
at diagnosis have never been studied on such an
important series. In this work, we noticed that both of
them have been improved during the three periods.
This trend is probably related to the awareness
campaign, conducted regularly from 1999 as a CME,
in different regions of the country. Further studies are
required in other countries with a larger population to
confirm these results.
The frequency of clinical signs varies depending on
[5,16]
the studied symptom and series
.
Dysphagia is almost constant (82%-100%),
while a large variability between series characterizes
regurgitation (56%-97%), weight loss (30%-91%),
chest pain (17%-95%) and heartburn (27%-42%).
The same results were found in our series. One of
the most interesting clinical aspects of this study is
to have shown that chest pain preceded dysphagia
by several months (mean: 23 ± 14 mo) in 5% of
patients. This misleading clinical presentation of this
affection in our series is probably one of the causes of
delayed diagnosis, since patients were initially oriented
to cardiology looking for a coronary disease. Bronchopulmonary signs, noted in 11% to 46% of cases,

Table 5 Manometric results in 1186 (94.5) n (%)
LES pressure (mmHg)
12-24
24-34
> 34
< 12
LES relaxation
Absent
Incomplete
EAC mean (mmHg)
Classic achalasia (mmHg)
Vigorous achalasia

954 (76); mean: 32 ± 15 (10-87)
257 (27)
192 (20)
504 (53.5)
2 (0.6)
1130 (90)
46%
56%
1186 (94.5) 26.78 ± 19.67
(0-134)
20.78 ± 18.76 (0-37)
57 ± 19 (40-134)

LES: Lower esophageal sphincter; EAC: Esophageal amplitude contraction.

patients with achalasia, from the 48 provinces of
Algeria. This is a homogenous and representative
sample of Algerian population, from which it was
possible to estimate, for a period of 25 years, the
incidence of this disease in Algeria and to study its
clinical and para-clinical features. Our work has shown
that the average annual incidence of achalasia has
followed an upward curve during the different periods
5
of the study. Indeed, it increased from 0.04/10 inha
5
bitants/year during 1990-1997 to 0.27/10 inhabitants/
year from 2008 to 2014.
[6-12]
The few studies
that have investigated the
epidemiology of this disease worldwide, mostly
carried out in Western countries, showed that the
annual incidence of achalasia varies between 0.55
5
and 1.63/10 inhabitants, 2 to 5 times higher rates
compared to those noted in our study and those of
[11,12]
the two Asian series
. The same trend was noted
with the prevalence results, their values ranged from
5
5
7.1/10 inhabitants to 13.4/10 inhabitants in Western
[10]
5
5
countries
and between 1.77/10 and 6.29/10
5
inhabitants in Asia and Algeria (3.14 patients/10
inhabitants).
All these studies conclude that achalasia is a rare
condition; the prevalence is probably underestimated
because many physicians are inadequately familiar
with the clinical picture of achalasia. This approach
is supported probably by the very likely impact that
the awareness campaign had on the increase of the
annual incidence of achalasia in Algeria. This condition
is even rarer in black African patients or those living
in the tropics. Actually, both series published on black
[13]
patients - the SILBER series in South Africa , which
[14]
enrolled 26 cases in 10 years, and the STEIN
series
in Zimbabwe, which reported 25 cases between 1974
and 1983 - suggest that the incidence of achalasia
5
in sub-Saharan Africa is 0.003/10 inhabitants/year.
Thus, this motility disorder is 10 times less common in
these countries compared to Western countries.
However, the low number of works that have been
devoted to it and the lack of diagnostic facilities in these
regions of the world suggest that the exact frequency
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may also be the cause of delayed diagnosis because
they usually lead patients to pneumology consultation
[23]
first .
[24,25]
The diagnosis of achalasia relies on EM
. How
ever, this procedure, which is available only in reference
centers in low-incomes countries, is not performed
as first-line. It is preceded, due to the nature of
revealing signs as dysphagia and regurgitation, by
barium swallow and upper endoscopy to fully exclude
inflammatory or structural lesions.
The benefit of manometry is particularly important
when the barium swallow and endoscopy do not reveal
[26]
abnormalities . EB aperistalsis, constant in our study,
is the only manometric cardinal feature that leads to
achalasia diagnosis. It is characterized in most cases
by simultaneous or undefined esophageal contractions
of very low amplitude, thus realizing the aspect of
classical manometric achalasia.
Achalasia is considered vigorous when the mean
[27]
amplitude threshold is more than 37 mmHg .
This form, which still subject of controversy as to
its individualization as a separate entity from classic
[28]
achalasia , would in fact correspond to an early
disease stage characterized by a high amplitude
contractions of the EB with intense retro-sternal pain.
In our experience, vigorous achalasia remains a rare
situation that presents no clinical or manometric
feature compared to classic achalasia.
For a long time, LES hypertonia was considered as
essential for achalasia diagnosis, while LES hypotonia
was described as incompatible with the diagnosis of
[25,29]
untreated achalasia
; its presence should instead
lead to scleroderma diagnosis or gastroesophageal
reflux disease.
In fact, some authors recently reported that LES
hypertonia was present in only 42% of patients while
[30]
hypotonia was noted in 25% of them . Our work has
also shown that LES hypertonia was inconstant, being
observed in only 53% of patients while hypotonia was
very rare. More constant is the LES relaxation defect,
which was found in 98% of patients, the association
with esophageal aperistalsis is highly suggestive of
this condition’s diagnosis. If LES is manometrically
normal, the diagnosis of achalasia should rely on the
confrontation of manometric, clinical, radiological and
endoscopic data.
The few studies that have been devoted to children
show that achalasia is even infrequent in this age group
compared to adults. Pediatric achalasia represents
only 4% to 5% of all achalasia diagnosed worldwide
and 10% of those included in our study. The incidence
5
in this group age is estimated between 0.1-0.18/10
[31,32]
children/year
.
At the family level, our study showed that, infantile
achalasia can take many forms. It may be a nonfamilial isolated classic achalasia, a sporadic Allgrove
syndrome, a familial achalasia without Allgrove
syndrome or a familial Allgrove syndrome. In this work,
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the respective prevalence of familial and non-familial
forms in children achalasia was 45% and 55%.
These results, which show a high rate of family
forms, are most probably related to the widespread
tradition of consanguineous marriage in Algeria.
Infantile achalasia must systematically lead to seeking
of similar cases in the family and other signs of Allgrove
syndrome. This syndrome is a very rare genetic
autosomal recessive disorder, and its occurrence is
favored by consanguineous marriages.
The AAAS gene responsible for this disease is
carried by the long arm of chromosome 12 (12q13)
and contains 16 exons. Mutations of this gene which
were currently implicated are the IVS14, most common
mutation, and EVS9. These mutations were identified
[33]
for the first time in 2000 by Tullio-Pelet et al
in
a study that gathered 7 of the 18 Algerian families
included in this study, 3 Tunisian families, and a sing
Turkish, French and Spanish family each. The few
studies that have tackled familial achalasia reported
that 1/3 of children were from consanguineous
marriages, whereas parent/children transmission was
[34,35]
very rare or exceptional
.
In summary, achalasia is a rare disorder, the
worldwide frequency of which, most probably underes
timated, varies depending on countries. This variability
is probably related to genetic and environmental
factors. In Algeria, the incidence of the disease is
5
at least 0.27/10 inhabitants. This motility disorder
sometimes raises the difficulty of its delayed diagnosis
due to its aspecific revealing signs. However, in this
study there is suggestion that CME improved (reduced)
the delay diagnosis, age at diagnosis and increased the
incidence of achalasia. The diagnosis is evident when
EM shows EB aperistalsis associated to LES hypertonia.
When hypertonia is absent, achalasia diagnosis should
rely on a confrontation of manometry, barium swallow
and upper endoscopy data. Finally, the discovery of an
infantile achalasia must systematically lead to looking
for Allgrove syndrome and similar cases in the family.
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Abstract
A 68-year-old man presented with progressive right
lower quadrant abdominal pain and tenderness without
rebound tenderness, and with constipation during the
prior 9 mo. Abdomino-pelvic computed tomography and
magnetic resonance imaging demonstrated a dilated
appendix forming a fistula to the sigmoid colon. Open
laparotomy revealed a bulky abdominal tumor involving
appendix, cecum, and sigmoid, and extending up to
adjacent viscera, without ascites or peritoneal implants.
The abdominal mass was removed en bloc, including
resection of sigmoid colon, cecum (with preservation of
ileocecal valve), appendix, right vas deferens, testicular
vessels, and minimal amounts of anterior abdominal
wall; and shaving off of small parts of the walls of the
urinary bladder and small bowel. Gross and microscopic
pathologic examination revealed an appendix-to-sigmoid
malignant fistula secondary to perforation of mucinous
adenocarcinoma of the appendix with minimal local
spread (stage T4). However, the surgical margins were
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presenting initially without sepsis; and subsequently
at 1 year follow-up had no evident local or distant
metastases despite the prior malignant appendiceal
perforation. The pathophysiology of this clinical
presentation and course is explained by the appendixto-sigmoid fistula containing spillage of cancerous cells
within the colon and preventing free spillage, and by
[2]
the low grade, nonaggressive biology of MAA .
The literature was systematically reviewed
using the medical subject headings/key words of:
“mucinous adenocarcinoma” or “pseudomyxoma
peritonei” or “appendiceal neoplasm” or “appendiceal
adenocarcinoma”. Two authors independently reviewed
the literature and decided by consensus which articles
to incorporate in the study. This case report received
exemption/approval from the William Beaumont
Hospital IRB on June 16, 2016.

clear, all 13 resected lymph nodes were cancer-free,
and pseudomyxoma peritonei or peritoneal implants
were not present. The patient did well during 1 year of
follow-up with no clinical or radiologic evidence of local
recurrence, metastases, or pseudomyxoma peritonei
despite presenting with extensive stage T4 cancer that
was debulked without administering chemotherapy,
and despite presenting with malignant appendiceal
perforation. This case illustrates the non-aggressive
biologic behavior of this low-grade malignancy. The
fistula may have prevented free spillage of cancerous
cells and consequent distant metastases by containing
the appendiceal contents largely within the colon.
Key words: Mucinous adenocarcinoma; Appendicitis;
Appendix; Malignant fistula; Pseudomyxoma peritonei;
Colon cancer; Metastases
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

CASE REPORT
A 68-year-old man with past medical history of
hypertension, hyperlipidemia, and colonic diverticulosis
presented with progressive right lower quadrant
abdominal pain and constipation during the prior
9 mo. Colonoscopy with good cecal visualization,
performed 2 years earlier for routine colon cancer
screening, had revealed a normal colon and normal
appendiceal orifice. Physical examination revealed
normal vital signs, soft abdomen, minimal right lower
quadrant tenderness, no rebound tenderness, and
no palpable abdominal mass. Laboratory analysis
revealed hemoglobin = 13.1 gm/dL, leukocyte
count = 12000/mL, and serum bicarbonate = 28
mmol/L. Serum electrolytes, serum parameters of
liver function, serum parameters of renal function,
and serum lactate level were within normal limits.
Abdomino-pelvic computed tomography (CT) revealed
a dilated, heterogeneous, appendix with an 8-cmlong, ovoid, periappendiceal mass containing a fistula
to sigmoid colon (Figure 1A), and revealed no findings
suggestive of pseudomyxoma peritonei or peritoneal
implants, including intraperitoneal fluid, peritoneal
calcifications, or scalloping of the liver. Abdominopelvic magnetic resonant imaging (MRI) showed on
coronal view a dilated, 8-cm-long, appendix fistulizing
to the sigmoid (Figure 1B and C); and showed on axial
view an abnormally thick, enhancing, appendiceal
wall without significant peri-appendiceal inflammation
(Figure 1D). Open laparotomy revealed an extensive
mass involving appendix, cecum, sigmoid colon,
anterior abdominal wall, and urinary bladder (Figure
2A); no peritoneal implants, and no pseudomyxoma
peritonei. The abdominal mass was removed en-bloc,
including resection of sigmoid colon, cecum (with
preservation of ileocecal valve), appendix, right vas
deferens, testicular vessels, and minimal amounts of
anterior abdominal wall; and shaving off of small parts
of the walls of the urinary bladder and small bowel.
Gross pathological examination of the resected mass

Core tip: A patient with mucinous appendiceal adeno
carcinoma had appendiceal perforation that was locally
contained by a malignant appendix-to-sigmoid fistula.
The patient presented with right lower quadrant
pain and tenderness and constipation. Abdominopelvic computed tomography and magnetic resonance
imaging revealed a bulky peri-appendiceal mass
containing an appendix-to-sigmoid-fistula. Pathologic
analysis after debulking surgery revealed a locally
extensive cancer involving appendix, sigmoid, and
cecum and extending up to adjacent viscera with clear
surgical margins and benign lymph nodes. The patient
remained free of local recurrence/metastases during 1
year of follow-up despite not receiving chemotherapy/
radiotherapy. This apparently favorable outcome is due
to this cancer’s nonaggressive biology, and the fistula
which likely largely contained cancer cell spillage within
the colon and prevented free cancer cell spillage.
Hakim S, Amin M, Cappell MS. Limited, local, extracolonic
spread of mucinous appendiceal adenocarcinoma after
perforation with formation of a malignant appendix-to-sigmoid
fistula: Case report and literature review. World J Gastroenterol
2016; 22(38): 8624-8630 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i38/8624.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i38.8624

INTRODUCTION
Malignant colonic perforation entails a poor prognosis
because of presentation with acute sepsis/peritonitis
and subsequent development of gross metastases
from intraperitoneal seeding of malignant cells from
[1]
the perforation . A case is reported of mucinous
appendiceal adenocarcinoma (MAA) presenting as
a bulky mass due to appendiceal perforation and
fistulization, treated by debulking surgery; and
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A

B

C

D

Figure 1 Abdomino-pelvic computed tomography. A: Axial computed tomography (CT) image of the pelvis, enhanced with iodinated contrast, demonstrates
a dilated, heterogeneous appendix (horizontal arrow) forming a fistula with sigmoid colon (fistulous connection at vertical arrow); B: Coronal T2-weighted fluidsensitive MRI sequence depicts dilated, fluid-filled, appendix (vertical arrow), extending and forming a fistula with the sigmoid colon (horizontal arrow); C: Coronal
post-gadolinium contrast enhanced T1-weighted MRI image demonstrates dilated appendix with non-enhanced, central fluid and enhanced wall (upward arrow) that
extends towards sigmoid colon (downward arrow); D: Axial post-gadolinium contrast enhanced T1-weighted MRI image demonstrates abnormally thick and enhanced
appendiceal wall (arrow) without significant surrounding inflammatory changes.

A

B

*

Figure 2 Open laparotomy revealed an extensive mass involving appendix, cecum, sigmoid colon, anterior abdominal wall, and urinary bladder. A: Gross
pathologic photograph shows entire surgically resected specimen (including appendix, cecum, sigmoid colon, part of bladder, and anterior abdominal wall) after
bisecting the sigmoid colon that exposes the haustral folds within sigmoid, but before bisecting the centro-inferior tumor (note green ink identifying surgical margins
of tumor). Insertion of two parallel probes (one inserted from left to right and the other inserted from right to left) demonstrate a fistula traveling from the cecum, on
the bottom left, to the sigmoid, on the bottom right. Bisection of the centro-inferior tumor (B) reveals that the appendix forms the malignant fistula; B: Gross pathologic
specimen after bisection of centro-inferior tumor (seen before bisection in A) exposes an irregular, cystically dilated, malignant appendix that forms the malignant
fistula. It is lined by a variably thick wall composed of the mucinous adenocarcinoma and filled with viscous, mucoid, content. Sigmoid (star). Cecum is at left bottom of
photograph immediately adjacent to arrow.

revealed an appendix-to-sigmoid fistula, as confirmed
by a probe, from prior perforation of a promontoric
(preileal/postileal appendix traveling from cecal base
towards the sigmoid in the pelvis) appendix (Figure
2B). Microscopic pathology showed well-differentiated,

WJG|www.wjgnet.com

invasive, mucinous, adenocarcinoma diffusely involving
the appendix, sigmoid, and cecum through the serosa
(Figure 3). Histopathology showed no invasion of
adjacent organs, such as the bladder wall or anterior
abdominal wall. Lymphovascular invasion and satellite
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A

B

C

Figure 3 Microscopic pathology showed well-differentiated, invasive, mucinous, adenocarcinoma diffusely involving the appendix, sigmoid, and cecum
through the serosa. A: Low power photomicrograph of mucinous appendiceal adenocarcinoma (MAA) within fistulous (appendiceal) wall showing villoglandular
adenomatous epithelium containing basophilic cells, within bizarre mucosal glands (upper area), and infiltration of cancerous mucinous glands deep in the wall
(arrows). The fistulous wall also shows extensive fibrosis and chronic inflammation [hematoxylin-eosin staining (HE)]; B: Low power photomicrograph shows mucinous
appendiceal adenocarcinoma with serrated glands, on the right, contiguous with normal cecal mucosa, with normal cecal glands, on the left (HE); C: Low power
photomicrograph shows junction of mucinous appendiceal adenocarcinoma with serrated glands on the right, contiguous with normal sigmoid mucosa with normal
glands, on the left (HE).

diagnosed preoperatively and usually diagnosed
postoperatively by histopathological examination of the
resected specimen after exploratory surgery for other
[3,6,7]
suspected disease
.
MAA, a low-grade, relatively noninvasive, cancer,
rarely produces distant metastases, except when
signet ring cells occur in addition to mucin (denoted
separately as signet ring cell cancer) that indicates
[8]
high-grade mucinous adenocarcinoma . No cases
of distant lymphatic or hematogenous metastases
[2]
were reported by Nitecki et al among 52 patients
with MAA, even in patients with severe intraperitoneal
disease, but one patient had pulmonary metastases
[3]
from MAA in a case report by Gourgiotis et al . Local
nodal involvement is also uncommon when the cancer
[9]
involves only the mucosa or submucosa , but the
incidence increases to 20%-25% when the primary
[10,11]
cancer more deeply invades the appendiceal wall
.
Ovarian involvement from MAA is, however, common
in females; among 23 female patients undergoing
[2]
oophorectomy reported by Niteck , 13 had ovarian
involvement. Pseudomyxoma peritonei (PMP) occurs
when mucin escapes intraperitoneally, often secondary
to appendiceal perforation (disseminated peritoneal
adenomucinosis), or uncommonly from malignant
peritoneal seeding of mucin-producing cancerous
[10,12]
cells (disseminated peritoneal carcinomatosis)
.

peritumoral nodules were not present. All surgical
margins and all 13 resected lymph nodes were devoid
of cancer (Stage pT4b N0). The patient developed
postoperative ileus from which he recovered, and was
discharged 11 d postoperatively. No postoperative
chemotherapy or radiotherapy was administered. The
patient was doing well 1 year later, with no ascites,
pseudomyxoma peritonei, or cancer recurrence, as
observed clinically by an oncologist and by repeat
abdomino-pelvic CT examination.

DISCUSSION
Primary adenocarcinoma of the appendix is rare. It
accounts for 0.12 cases per 1000000 patients per
annum, 0.05%-0.2% of all appendectomies, about
0.2% of all gastrointestinal neoplasms, and only 6% of
[3]
appendiceal cancers . Appendiceal adenocarcinoma
is divided into colonic, mucinous (MAA), goblet cell,
[4,5]
and signet ring cell types . MAA usually presents
with nonspecific findings. It frequently presents with
acute abdominal pain resembling acute appendicitis;
sometimes presents as an abdominal mass detected
by palpation or abdominal imaging, as occurred in
the currently reported case; and rarely presents
with nausea, vomiting, ascites, or involuntary weight
loss. Due to its nonspecific presentation, it is rarely
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MAA frequently causes appendiceal perforation, as
occurred in this case, attributed to the mucinous gel
obstructing the lumen and the narrow appendiceal
lumen. For example, in a comprehensive literature
review encompassing 316 cases of appendiceal
adenocarcinomas, 55% of patients presented with
[13,14]
appendiceal perforation
.
Data on therapy are sparse because MAA is
rare. Therapy depends upon pathologic stage. Right
hemicolectomy is recommended after an initial appen
dectomy when pathologic examination of the resected
specimen reveals MAA localized to the appendix.
[2]
Nitecki et al reported in a study of 29 patients with
clinically localized MAA, a 73% 5-year-survival after
right hemicolectomy versus a 44% 5-year-survival
after appendectomy alone; patients undergoing
right hemicolectomy after initial appendectomy
have residual cancer detected in up to 27% of right
[10]
hemicolectomy specimens . Abdomino-pelvic CT and
colonoscopy should be performed before undergoing
the right hemicolectomy after initial appendectomy to
detect synchronous colon cancers which occur in up to
[2,7]
18%-27% of patients . Women should standardly
undergo oophorectomy because of frequent ovarian
[2,7]
metastases .
Presence of peritoneal spread requires surgical
debulking by primary tumor excision, right hemi
colectomy, lymph node dissection, omentectomy,
[7]
peritoneotomy, and removal of malignant ascites .
Patients with intraperitoneal lymphadenopathy or PMP
might theoretically benefit from adjuvant intraperitoneal
chemotherapy, using 5-flurouracil and levamisol,
but this chemotherapy is not of proven benefit and
[7,10,15]
therefore controversial
. However, intraperitoneal
chemotherapy is generally recommended if peritoneal
[16-18]
implants are identified
. Frequent surveillance
colonoscopy is recommended after surgery because of
an approximately 17% incidence of metachronous colon
[2,7]
cancer .
The current case illustrates the nonaggressive
biologic behavior of this low-grade malignancy.
The patient presented with abdominal pain and
constipation for 9 mo; laparotomy revealed a bulky
tumor involving appendix, cecum, sigmoid colon,
and adjacent viscera. The promontoric appendiceal
location (appendix located in pelvis and traveling
towards the sigmoid, as observed intraoperatively),
an appendiceal anatomic variant that occurs in several
[19,20]
percent of patients
, may have promoted sigmoid
fistulization. The adhesiveness of mucin may also have
promoted fistulization. Rapid fistulization presumably
contained the leakage of mucin and cancerous cells
within the fistula and sigmoid colon, and prevented
free intraperitoneal spillage, as would have been
expected from free appendiceal perforation. Despite
appendiceal rupture, malignant fistulization, and
pathologic T4 stage, no lymph nodes were involved at
presentation (stage N0), and no recurrent tumor or
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PMP was detected, by clinical examination or repeat
abdomino-pelvic CT, 1 year after the initial surgery
without chemotherapy. The patient had undergone
colonoscopy 2 years before the surgery which had
not detected MAA; appendiceal cancer is commonly
missed at colonoscopy because the cancer is located
deep in the appendix and not visible from the cecal
[21]
lumen .
This study is limited because it reports only one
case, and surgical cure cannot be definitively claimed
because of only 1 year of follow-up. However, a
favorable prognosis is indicated by the clear surgi
cal margins, absence of lymph node involvement,
absence of the aggressive signet ring cell histology,
and absence of PMP or distant metastases detected at
surgery or 1 year thereafter. In conclusion, this patient
had no evident local, peritoneal, or distant metastasis
1 year after undergoing debulking surgery without
chemotherapy, despite appendicular perforation and
malignant fistulization from MAA. This phenomenon
is explained by the appendix-to-sigmoid fistula
containing the spillage of cancerous cells within the
colon and preventing free spillage, by the low grade,
[2]
nonaggressive nature of MAA , and perhaps by
the adhesiveness of mucin which might promote
containment of appendiceal spillage.
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Case characteristics

A 68-year-old man presented with progressive constipation and right lower
quadrant (RLQ) abdominal pain for the prior 9 months and with right lower
quadrant tenderness, without rebound tenderness, on physical examination.
Colonoscopy with good cecal visualization, performed 2 years earlier for routine
colon cancer screening, had revealed a normal colon and normal appendiceal
orifice.

Clinical diagnosis/ differential diagnosis

The differential diagnosis based on patient history of RLQ abdominal pain and
constipation for 9 mo, and physical finding of RLQ tenderness without rebound
tenderness is very broad. This mild clinical presentation contrasts with the
severe final pathologic diagnosis of mucinous appendiceal adenocarcinoma
with perforation/fistulization. This discrepancy is explained by the relatively nonaggressive biology of this cancer, prevention of acute peritonitis and distant
cancer spread from containment of the appendiceal perforation by fistulization,
and perhaps the adhesiveness of the mucin produced by this cancer which may
promote fistulization.

Laboratory diagnosis

All routine blood tests were within normal limits, except for very mild
leukocytosis. This mild presentation contrasts with the severe final pathologic
diagnosis of mucinous appendiceal adenocarcinoma with perforation/
fistulization. This discrepancy is explained by the pathological finding that the
cancer at perforation formed a malignant appendiceal-to-sigmoid fistula that
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most likely contained the inflammation and prevented acute appendicitis after
perforation, and helped locally contain the malignancy without distant malignant
seeding and consequent development of distant metastases.

sigmoid fistula.
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Abstract
We report a case of a 64-year-old woman with ana
plastic carcinoma of the pancreas (ACP) with cyst
formation and review 60 ACP cases reported in Japan. In
20% of cases, laboratory tests revealed severe anemia
(hemoglobin level < 10.0 g/dL) and elevated leucocyte
3
counts (> 12000/mm ), which were likely attributable
to rapid tumor growth, intratumoral hemorrhage, and
necrosis. Elevated serum CA19-9 levels were observed
in 55% of cases. Cyst-like structures were observed
on imaging in 47% of cases, and this finding appears
to reflect subsequent cystic degeneration in the lesion.
Macroscopically, hemorrhagic necrosis was observed
in 77% of cases, and cyst formation was observed in
33% of cases. ACP should be considered when diagno
sing pancreatic tumors with a cyst-like appearance,
especially in the presence of severe anemia, elevated
leucocyte counts, or elevated serum CA19-9 levels.
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Core tip: Anaplastic carcinoma of the pancreas (ACP),
an uncommon histologic subtype of pancreatic cancer,
is well known to be associated with more aggressive
tumor behavior and less favorable prognosis than
conventional pancreatic ductal adenocarcinoma. How
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report a case of pleomorphic ACP, according to the JPS
classification; this case showed extensive intratumoral
hemorrhage and necrosis, leading to cyst formation.
Additionally, we review 60 cases of ACP, including 59
previously published cases in Japan and the present
case, to elucidate the clinical, morphological, and
radiological features of this malignancy. These findings
enable a greater understanding of ACP, improve the
accuracy of preoperative diagnosis and provide a more
effective treatment strategy for this aggressive and
uncommon subtype of pancreatic cancer.

ever, the literature on ACP has been very limited, and its
clinicopathological features, therapeutic management,
and clinical outcome remain uncertain. We report a
case of ACP showing cyst formation and review 60
cases of ACP reported in Japan to elucidate the clinical
and radiological features of ACP. This literature review
describes the greatest number cases of ACP of any report
to date.
Hoshimoto S, Matsui J, Miyata R, Takigawa Y, Miyauchi J.
Anaplastic carcinoma of the pancreas: Case report and literature
review of reported cases in Japan. World J Gastroenterol 2016;
22(38): 8631-8637 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i38/8631.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i38.8631

CASE REPORT
A 64-year-old woman with upper abdominal pain and
back pain was referred to our hospital for examination
of a pancreatic mass that had been identified by the
previous doctor on abdominal ultrasonography (US).
Laboratory examinations revealed anemia (hemoglobin
level of 10.3 g/dL) and a slightly elevated carbohydrate
antigen (CA) 19-9 level (65.1 U/mL). Liver, biliary,
and pancreatic enzyme activity levels were normal.
Abdominal US revealed a heterogeneous hypoechoic mass with a cystic component in the pancrea
tic body. Contrast-enhanced abdominal computed
tomography (CT) revealed a well-demarcated lowdensity mass measuring 35 mm in diameter, with an
enhancement of the peripheral portion of the lesion in
the pancreatic body during the delayed phase (Figure
1A). Magnetic resonance imaging (MRI) revealed a
tumor showing mixed signal intensity and a fluid-fluid
level on T2-weighted images, suggestive of intratumoral
hemorrhage (Figure 1B). Endoscopic retrograde pan
creatography (ERP) revealed compression of the main
pancreatic duct (MPD) in the pancreatic body without
any strictures or upstream dilatation of the MPD.
Although the appearance on these images was not
typical of conventional pancreatic cancer, cytology of
the pancreatic juice samples collected during ERP was
suggestive of adenocarcinoma. Based on a preoperative
diagnosis of PDAC, surgery was performed. On
laparotomy, the tumor had rapidly increased in size and
involved the common hepatic artery. Therefore, distal
pancreatectomy and splenectomy with en bloc celiac
axis resection were conducted. On gross examination,
a poorly demarcated, whitish tumor measuring 60
mm in diameter was observed (Figure 2A). In the
central portion of the tumor, a large cystic lesion filled
with hemorrhagic material was present. Histologically,
the major part of the tumor exhibited a sarcomatous
appearance and was composed of non-cohesive,
pleomorphic tumor cells (Figure 2B). In the minor
part of the tumor, a moderately differentiated tubular
adenocarcinoma component was detected (Figure
2C). The central part of the tumor formed a cystic
lesion, which contained hemorrhagic and/or fluidic
material and was surrounded by necrotic area of the
sarcomatous tumor (Figure 2D). Immunohistochemical
analyses revealed that the sarcomatous component

INTRODUCTION
Anaplastic (undifferentiated) carcinoma of the pan
creas (ACP), an uncommon histologic subtype of pan
creatic cancer that accounts for 0.8% to 5.7% of all
[1-4]
pancreatic exocrine neoplasms , is well known to
be associated with more aggressive tumor behavior
and a less favorable prognosis than conventional
[1]
pancreatic ductal adenocarcinoma (PDAC) . Different
subtypes of ACP have been described using various
terms, including spindle cell, giant cell, pleomorphic
[5]
giant cell, and round cell . On one hand, according to
the World Health Organization (WHO) classification of
[6]
tumors of the digestive system , ACP, as a synonym
for undifferentiated carcinoma of the pancreas, has
been defined as a malignant epithelial neoplasm in
which a significant component of the neoplasm does
not show a definitive direction of differentiation.
However, undifferentiated carcinoma with osteoclastlike giant cells has been classified as a distinct entity
from other subtypes of ACP. On the other hand, the
sixth edition of the General Rules for the Study of
Pancreatic Cancer by the Japan Pancreas Society
(JPS) has defined ACP as a variant of pancreatic
ductal carcinoma, which consists of a minor ductal
carcinoma component along with a predominantly
undifferentiated carcinoma component. In addition, the
JPS has classified ACP into the following four subtypes:
giant cell type, pleomorphic type, spindle cell type, and
giant cell carcinoma of osteoclastoid (GCCO) type. In
this classification system, undifferentiated carcinoma
that shows no directionality of differentiation into any
[7]
lineage has been distinguished from ACP . Because
the literature on ACP has been very limited, mostly
represented by single case reports or analyses of
small case series, large studies describing the clini
copathological features, therapeutic management,
and clinical outcome of ACP are lacking. Additionally,
accurate preoperative diagnosis of ACP is difficult
because of a lack of proposed imaging features that
can distinguish this malignancy from PDAC. Here, we
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A

B

Figure 1 Imaging studies. A: Abdominal computed tomography revealing a well-demarcated cystic tumor with slight enhancement of the peripheral portion of the
lesion in the pancreatic body (arrow); B: Magnetic resonance imaging revealing mixed signal intensity of the tumor and a fluid-fluid level on T2-weighted imaging (arrow).

A

B

C

D

E

F

Figure 2 Pathology of the pancreatic tumor. A: Macroscopic appearance of the resected specimen. The tumor forms a poorly defined, whitish mass lesion
measuring 60 mm in diameter. A large cyst filled with hemorrhagic material is present in the central portion of the tumor; B-C: Histology of the tumor. The major part
of the tumor is composed of non-cohesive, pleomorphic tumor cells showing a sarcomatous appearance (B), whereas the minor part of the tumor is composed of
irregularly shaped fused glandular structures, exhibiting the histology of moderately differentiated adenocarcinoma (C) [hematoxylin and eosin (HE) staining; original
magnification, B: × 40, C: × 10]; D: Central part of the tumor. A cystic lesion filled with fluidic material (upper right) is surrounded by necrotic tumor tissue focally
containing viable anaplastic carcinoma cells around the blood vessels (lower left/arrow) (HE staining; original magnification, × 4); E, F: Immunohistochemistry. Positive
staining for pancytokeratin (AE1/AE3) is observed in both the adenocarcinoma component (E; left) and the sarcomatoid component (E; right), whereas positive
vimentin staining is observed in the sarcomatoid component (F; right) and normal stroma but not in the adenocarcinoma component (F; left) (original magnification × 4).

Clinicopathological and radiological features of 60
reported cases of ACP in Japan

was positive for both pancytokeratin (AE1/AE3)
(Figure 2E), an epithelial marker, and vimentin, a
mesenchymal marker (Figure 2F). In contrast, the
adenocarcinoma component was positive for only
pancytokeratin (Figure 2E) but was negative for
vimentin (Figure 2F). Based on these pathological
findings, the tumor was diagnosed as pleomorphic ACP
according to the JPS classification and was classified
as T3N1M0, Stage IIB, according to the UICC TNM
staging system. Despite receiving gemcitabine-based
postoperative chemotherapy, the patient died of local
recurrence and multiple liver and lung metastases five
months after surgery.

WJG|www.wjgnet.com

We conducted a comprehensive search of Ichushi-Web
(a domestic medical literature database service provided
by the NPO Japan Medical Abstracts Society) from 1995
to 2014 using the term “anaplastic carcinoma of the
pancreas”, and we retrieved 59 previously published
case reports of patients with ACP who underwent
surgical resection and for whom clearly presented data
were available in the Japanese language literature
(Supplementary Table 1). The clinicopathological
data and radiological findings described for these 60
cases, including the present case, were evaluated. The
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diagnosed incidentally. The tumors were located in the
pancreatic head in 32 cases (53%), the body and/or
tail in 25 (42%), and the entire pancreas in three
(5%). The tumor size ranged from 1.5 to 24.0 cm,
with a median of 6.0 cm. Laboratory studies revealed
severe anemia (hemoglobin level of < 10.0 g/dL) in
12 cases (20%) and a markedly elevated leucocyte
3
count (> 12000/mm ) in 12 cases (20%). Elevation
of serum CA19-9 levels (> 37 U/mL) was observed
in 33 cases (55%). Tumor or rim enhancement on
abdominal CT was observed in 49 cases (82%). On
imaging studies including abdominal CT, US, and MRI,
a cyst-like appearance of the lesion was observed
in 28 cases (47%). Regarding surgical procedures,
pancreaticoduodenectomy (PD), including pyloruspreserving PD and subtotal stomach-preserving
PD, was performed in 32 cases (53%), distal pan
createctomy in 24 (40%), total pancreatectomy in
two (3%), and duodenum-preserving pancreatic
head resection and tumorectomy in one (2%) each.
Combined resection of adjacent organs, including the
stomach, colon, jejunum, or left adrenal gland, was
required in 14 cases (23%). Vascular involvement,
including involvement of the common hepatic artery,
celiac artery, or portal vein, were observed in 7 cases
(12%). In the resected specimens, macroscopically
visible hemorrhagic necrosis was observed in 46 cases
(77%). Cyst formation was observed macroscopically
in 20 cases (33%). According to the sixth edition of
the General Rules for the Study of Pancreatic Cancer
[7]
by the JPS , the 60 cases were histopathologically
classified as giant cell type (n = 11), pleomorphic
type (n = 18), spindle cell type (n = 10), or GCCO
type (n = 21). Lymph node metastases were found in
18 of 45 cases for which relevant data were available
(40%). Recurrence was reported in 34 cases at one
or more sites. The representative sites of recurrence
were the liver (n = 23, 68%), a local site (n = 10,
29%), the peritoneum (n = 8, 23%), or lymph nodes
(n = 7, 21%). Only two cases (6%) presented with
lung metastasis. Regarding clinical outcome, 29 of 57
patients (51%) for whom relevant data were available
died of their disease within 12 mo (< 1-year survivors).
In contrast, seven patients (12%) were reported to
be 5-year survivors. According to histological subtype,
the group of < 1-year survivors comprised seven of
11 patients with giant cell type (64%), 13 of 18 with
pleomorphic type (72%), seven of 10 with spindle cell
type (70%), and two of 18 with GCCO type ACP (11%).
Furthermore, the group of 5-year survivors comprised
0 (0%), 4 (22%), 1 (10%), and 2 patients (11%) with
giant cell type, pleomorphic type, spindle cell type, and
GCCO type ACP, respectively.

Table 1 Characteristics of patients with anaplastic carcinoma
of the pancreas reported in Japan
n (%)

Variables
Sex
Tumor location

Male : Female
Ph
Pb and/or Pt
Entire pancreas

Anemia (hemoglobin level <
10.0 g/dL)
Elevated leucocyte count (>
12000/mm3)
Elevated serum CA19-9 level
(> 37 U/mL)
Radiological findings
Tumor/rim enhancement
Cyst-like appearance
Macroscopic findings
Hemorrhagic necrosis
Cyst formation
Lymph node metastases (n =
45 with relevant data)
UICC TNM stage
ⅠA
(n = 48 with relevant data)
ⅠB
ⅡA
ⅡB
Ⅳ
Histological subtype
Giant cell type
Pleomorphic type
Spindle cell type
GCOC type
Recurrence site
Liver
(n = 34 with relevant data)
Local site
Peritoneum
Lymph node
< 1-yr survivor (n = 57 with
relevant data)
Giant cell type (n = 11)
Pleomorphic type (n = 18)
Spindle cell type (n = 10)
GCOC type (n = 18)
5-yr survivor (n = 57 with
relevant data)
Giant cell type (n = 11)
Pleomorphic type (n = 18)
Spindle cell type (n = 10)
GCCO type (n = 18)

38 (63) : 22 (37)
32 (53)
25 (42)
3 (5)
12 (20)
12 (20)
33 (55)
49 (82)
28 (47)
46 (77)
20 (33)
18 (45)
1 (2)
6 (13)
19 (40)
16 (33)
6 (12)
11 (18)
18 (30)
10 (17)
21 (35)
23 (68)
10 (29)
8 (23)
7 (21)
29 (57)
7 (64)
13 (72)
7 (70)
2 (11)
7 (12)
0 (0)
4 (22)
1 (10)
2 (11)

CA19-9: Carbohydrate antigen 19-9; GCCO: Giant cell carcinoma of
osteoclastoid; Ph: Pancreatic head; Pb: Pancreatic body; Pt: Pancreatic tail.

tumor stages of each case were assigned according to
the UICC classification system based on the surgical
and pathological findings reported in the literature
unless the descriptions of the extent of the tumor
were insufficient. The prognostic outcome of each
case was also obtained from the published data. The
clinicopathological, radiological, and morphological
characteristics of the 60 cases are summarized in
Table 1. The average age at diagnosis was 61.5 years
(age range, 32 to 85 years), and 38 of the 60 cases
(63%) were men. Most patients presented with
symptoms such as abdominal pain (n = 29, 48%),
back pain (n = 10, 17%), fatigue (n = 8, 13%), fever
(n = 6, 10%), jaundice (n = 6, 10%), body weight
loss (n = 6, 10%), and abdominal discomfort (n = 6,
10%). In four cases (7%), pancreatic tumors were
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DISCUSSION
Patients with ACP are frequently diagnosed at an
advanced stage with a bulky tumor and adjacent
organ involvement. According to the Pancreatic Cancer
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[12,13]

[8]

Registry in Japan , in which 27335 patients were
recorded from 2001 to 2004, ACP represented only
0.1% (n = 38) of all pancreatic exocrine neoplasms.
The recorded patients with ACP (n = 20) had a
median survival duration of 3.3 months and 1- and
2-year overall survival (OS) rates of 14.4% and 0%,
[8]
respectively .
This review demonstrated that ACP tends to pre
sent in men (63%) and be located at the pancreatic
head (53%). Severe anemia and an elevated leucocyte
count were very frequently observed in ACP patients.
These findings might be attributed to rapid tumor
growth and subsequent intratumoral hemorrhage and
necrosis. Moreover, some ACP patients have been
reported to produce granulocyte-colony stimulating
[9-11]
factor (G-CSF), resulting in leucocytosis
. Kitade
[9]
et al have noted that the prognosis of patients with
G-CSF-producing pancreatic cancer was very poor,
and three of 6 reported cases of pancreatic cancer
with G-CSF production were histologically diagnosed
as ACP. In fact, we identified three cases (5%) with
G-CSF production in the present review (one case
each of giant cell type, pleomorphic type, and GCCO
type ACP), and all of these cases survived fewer than
nine months after surgery. Elevated serum CA19-9
levels were observed in more than half of the reviewed
patients, and this finding is inconsistent with an earlier
report in which patients with ACP presented with
elevated serum CA19-9 levels less frequently than
[4]
patients with PDAC . This discrepancy may be due
to the difference in the classification of ACP between
the UICC and the JPS systems, the latter of which has
defined ACP as exhibiting at least a small degree of
ductal differentiation and has distinguished ACP from
undifferentiated carcinoma that shows no directionality
[7]
of differentiation into any lineage .
In the present review, tumor or rim enhancement
on abdominal CT was observed in 82% of patients with
ACP. This finding is in contrast to the typical findings
of hypodensity in PDAC patients but extremely similar
[4]
to an earlier report (83%) . Appearance of a cystlike structure in the lesion on imaging studies was
frequently observed in this series (47%), and this
[4]
result is also concordant with an earlier report (50%) .
Based on this finding, a preoperative diagnosis of
a pancreatic cystic neoplasm, including intraductal
papillary neoplasm, mucinous cystic neoplasm, or
serous cystic neoplasm, was made in nine cases
(15%). Moreover, 17 cases (28%) were preoperatively
diagnosed as neuroendocrine neoplasm, acinar cell
carcinoma, or solid-pseudopapillary neoplasm, which
occasionally accompanied hemorrhage, necrosis, and
subsequent cystic degeneration in the lesion.
The role of endoscopic-ultrasound-guided fineneedle aspiration (EUS-FNA) in the diagnosis of
solid pancreatic tumors has been evaluated in many
studies. Two recent meta-analyses examining the
validity of diagnosis of malignancy based on cytology
reported pooled sensitivities of 85% and 89% and
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pooled specificities of 98% and 99%
. However,
the accuracy of EUS-FNA for ACP remains unclear.
[2]
Khashab et al reported that four of 5 patients with
ACP who underwent EUS-FNA were cytologically
diagnosed with ACP. In our series, preoperative
endoscopic biopsy or EUS-FNA identified ACP in only
three cases (5%). Therefore, we suggest that EUS-FNA
is an indispensable diagnostic modality in combination
with comprehensive data including characteristic
imaging and serological findings for differentiating ACP
from other pancreatic neoplasms.
In the resected specimens for the cases in the
present review, cyst formation was observed in 20
cases (33%), presumably due to rapid tumor growth,
intratumoral hemorrhage, necrosis, and subsequent
cystic degeneration. This finding is similar to that in a
previous report of a large series of ACP cases, which
demonstrated that cyst formation occurred in nine
[5]
of 35 ACP cases (26%) . On the other hand, PDAC
with cystic features has been reported to account
[14,15]
[16]
for 7%-11% of all PDAC cases
. Kosmahl et al
reported that 38 of 483 (8%) cases of PDAC and its
variants, including adenosquamous carcinomas and
ACPs, had cystic features. According to the nature of
cyst formation, the authors classified the cysts into
four categories: large-gland features that were lined
by atypical cuboidal to flat epithelial cells; intratumoral
degenerative cystic changes; retention cysts; and
[16]
attached pseudocysts . All 24 cases with large-gland
features were PDAC, whereas five of the eight cases
with intratumoral degenerative cystic changes were
ACP or undifferentiated carcinoma with osteoclast[16]
like giant cells . In the present review, the wall of
the formed cysts was composed of tumor cells that
showed hemorrhagic necrosis at the inner surface of
the cyst in most previously reported cases as well as
in the presently reported case, indicating degenerative
cystic changes. Only three case reports described
that the cysts in the tumors were lined by normal or
atypical epithelial cells and formed a single cell layer.
In addition, some authors have reported cases of
[17-19]
ACP associated with mucinous cystic neoplasms
,
although the occurrence of histogenesis of ACP coinci
dent with mucinous cystic neoplasm remains uncertain.
These cases appear to display similar imaging findings
to those of other forms of ACP with extensive cystic
degeneration; however, in the present review, there
were no reported cases of ACP coincident with mucin
ous cystic neoplasm in the lesion.
Conflicting survival data were presented in previous
reports; the incidence of ACP is rare, and the number
of reported cases, especially cases for which data are
available, is small. Due to these limitations, the survival
benefit of surgery for ACP remains uncertain and no
therapeutic strategies for ACP have been established.
[1]
Clark et al reported a study of a large series of 35
patients with ACP using a population-based registry
and demonstrated that OS was significantly shorter
among patients with ACP than among patients with
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Clinical diagnosis

PDAC; however, the 1-, 2-, and 5-year OS rates of
patients with resected ACP were 59.1%, 30.7%,
and 12.2%, respectively, which was comparable to
those of PDAC patients. These results suggest that
radical resection provides a similar survival advantage
[4]
between ACP and PDAC. In contrast, Strobel et al
demonstrated that the median survival duration of
ACP patients after curative resection was shorter
than that of PDAC patients (not significant). In the
present review, 29 of 57 patients (51%) for whom
survival data were available were < 1-year survivors,
and only seven patients (12%) were reported to be
5-year survivors despite aggressive surgical resection.
[1]
Regarding histological subtypes, Clark et al reported
longer OS in patients with undifferentiated carcinoma
with osteoclast-like giant cells than in those with all
other subtypes of ACP, although this survival benefit
was not observed when the analysis was limited
to resected patients. However, according to their
data, pancreatic resection was performed on 10 of
11 patients with undifferentiated carcinoma with
osteoclast-like giant cells (91%) but only 71 of 342
patients with other subtypes of ACP (21%). These
results suggest that undifferentiated carcinoma with
osteoclast-like giant cells is more resectable. In the
present review, the group of < 1-year survivors
included only two patients with GCCO type ACP (11%)
but more than 60% of patients with other subtypes of
ACP, suggesting that the GCCO type may not progress
as rapidly as other subtypes of ACP.
The present review had several limitations.
First, the present review is based on reported cases
diagnosed as ACP according to the JPS classification
system, and cases that showed no directionality
of differentiation into any lineage were excluded.
Therefore, our results may not accurately reflect the
population of ACP patients diagnosed according to
the WHO classification system. Second, based on
this review of reported ACP cases, survival analysis
of patients with ACP is limited. Nevertheless, this is
the first literature review comprehensively analyzing
various clinical parameters, including radiological
and morphological findings, in a large number of
ACP cases. This review suggests that ACP should be
considered when diagnosing pancreatic tumors with
a cyst-like appearance, especially in the presence of
severe anemia, elevated leucocyte counts, or elevated
serum CA19-9 levels. Further investigation including
the performance of multi-institutional studies or the
examination of data from a nationwide database will
be required to determine the clinical outcome and the
appropriate surgical indication for this malignancy.

A cystic mass in the pancreatic body was identified by the previous doctor on
abdominal ultrasonography.

Differential diagnosis

Pancreatic ductal adenocarcinoma or pancreatic cystic neoplasm.

Laboratory diagnosis

Laboratory examinations revealed anemia (hemoglobin level of 10.3 g/dL) and
a slightly elevated carbohydrate antigen (CA) 19-9 level (65.1 U/mL).

Imaging diagnosis

Contrast-enhanced abdominal computed tomography revealed a low-density
mass measuring 35 mm in diameter, with cystic component in the pancreatic
body.

Pathological diagnosis

The major part of the tumor exhibited a sarcomatous appearance and was
composed of non-cohesive, pleomorphic tumor cells, which was diagnosed
as pleomorphic anaplastic carcinoma of the pancreas according to the JPS
classification.

Treatment

Distal pancreatectomy and splenectomy with en bloc celiac axis resection were
conducted.

Related reports

In the resected specimens for the present case, a cyst formation was observed,
presumably due to rapid tumor growth, intratumoral hemorrhage, necrosis, and
subsequent cystic degeneration. Macroscopically visible hemorrhagic necrosis
and cyst formation were observed with high frequency in ACP cases of the
present review.

Term explanation

Anaplastic carcinoma of the pancreas (ACP) is an uncommon histologic
subtype of pancreatic cancer, which has been defined as a malignant epithelial
neoplasm in which a significant component of the neoplasm does not show a
definitive direction of differentiation, and well known to be associated with a less
favorable prognosis than conventional pancreatic ductal adenocarcinoma.

Experiences and lessons

ACP should be considered when diagnosing pancreatic tumors with a cyst-like
appearance, especially in the presence of severe anemia, elevated leucocyte
counts, or elevated serum CA19-9 levels.

Peer-review

This case report and literature review enables a greater understanding of the
clinical, radiological, and morphological features of ACP. However, survival
analysis based on this review of reported ACP cases is limited because of
considerable publication bias.
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LETTERS TO THE EDITOR

Role of concomitant therapy for Helicobacter pylori
eradication: A technical note
Giuseppe Losurdo, Floriana Giorgio, Andrea Iannone, Mariabeatrice Principi, Michele Barone, Alfredo Di Leo,
Enzo Ierardi

Abstract

Giuseppe Losurdo, Floriana Giorgio, Andrea Iannone,
Mariabeatrice Principi, Michele Barone, Alfredo Di Leo, Enzo
Ierardi, Section of Gastroenterology, Department of Emergency
and Organ Transplantation, University of Bari, 70124 Bari, Italy

We read with interest the recent meta-analysis by Lin

et al who evaluated the effectiveness of concomitant
regimen for Helicobacter pylori (H. pylori ) in Chinese

regions. They found that 7-d concomitant regimen
is undoubtedly superior to 7-d triple therapy (91.2%
vs 77.9%, P < 0.0001). However, it is a common
belief that a triple therapy lasting 7 d should be
definitively removed from the clinical practice for its
ineffectiveness. Only its prolongation to 14 d may give
satisfactory success rate. Thus, the assessment of
an old and outdated treatment versus a more recent
and successful one does not seem to bring novel and
useful information. Moreover, a 7-d duration has not
been ascertained for concomitant regimen, as main
guidelines recommend a 10-d schedule for this scheme.
Therefore, only studies comparing 10-d concomitant
versus 14-d triple seem to be appropriate according to
current Guidelines and would clarify which regimen is
the most suitable worldwide. Additionally, in this metaanalysis concomitant and sequential therapy showed
similar performances, despite it is common opinion that
sequential is more prone than concomitant therapy
to fail when metronidazole resistance occurs, and
China is characterized by high rate of resistance to this
antibiotic. None of the included studies evaluated a
priori antibiotic resistances, and the lack of this detail
hampers the unveiling of this apparent contradiction.
In conclusion, the lack of the evaluation of the quality
of included trials as well as their high heterogeneity
constitute a burdensome limit to draw solid conclusions
in this meta-analysis. On the bases of these con
siderations and the low number of examined trials,
we believe that further studies and the knowledge
of antibiotic resistances will support with high quality
evidence which is the best regimen and its optimal
duration.
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comparison could state whether concomitant is really
more effective than triple therapy. Furthermore,
the duration of 7 d for concomitant therapy is not
considered optimal, since Guidelines recommend a
[3,5]
10-d regimen . Additionally, the comparison between
10-d concomitant and 10-d triple therapy showed a
similar success, even if this analysis was based only
on one study and this aspect could cause to judge the
result questionable.
Another issue involves the comparison of con
comitant versus sequential regimen. Herein, it has
been demonstrated a similar eradication rate (86.9%
and 86% respectively, P = 0.69). This finding is in
[6,7]
agreement with other meta-analyses
and previous
[8,9]
experiences in Western countries . However, it is
common opinion that sequential therapy is more
[10]
prone to fail when metronidazole resistance occurs .
[11]
Indeed, Georgopoulos et al showed that the success
rate of sequential regimen decreased from 89.8%
to 70%, while a reduction of only 2% occurred for
concomitant regimen in the presence of metronidazole
resistance. This observation does not seem to agree
with the results of this meta-analysis, since China
and Far East are considered as high metronidazole
[2]
resistance areas . Therefore, concomitant therapy
would be expected to achieve a higher success rate
than sequential therapy. Furthermore, in order to
support this consideration, a recent trial in Korea
showed eradication rates of 77.8% for concomitant
and 70.6% for sequential regimens at intention[12]
to-treat analysis . This controversial aspect could
be explained only by the analysis of metronidazole
resistance in treated patients. On the other hand,
Authors themselves observed that this issue was not
investigated in included trials.
Finally, we believe that the lack of quality assess
ment and the high heterogeneity of included studies
constitute a relevant limit to draw solid conclusions in
this meta-analysis. Therefore, further studies and the
knowledge of antibiotic resistance pattern will support
with high quality evidence the assessment of the best
[13-17]
regimen and its optimal duration
.

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

Core tip: Concomitant therapy is one of the most
effective first line regimen for Helicobacter pylori
eradication. The comparison with other regimens
(sequential or triple) in a selected geographical
region (China in this case) implies several issues. The
low number of included studies, the lack of quality
evaluation and the high heterogeneity may undermine
the strength of a meta-analysis. Therefore, further
studies are needed to prove which is the best first
line eradication treatment in China, according to the
geographical differences in antibiotic resistances.
Losurdo G, Giorgio F, Iannone A, Principi M, Barone M, Di
Leo A, Ierardi E. Role of concomitant therapy for Helicobacter
pylori eradication: A technical note. World J Gastroenterol 2016;
22(38): 8638-8640 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i38/8638.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i38.8638

TO THE EDITOR
We read with interest the recent meta-analysis by Lin
[1]
et al , who evaluated the effectiveness of concomitant
regimen for Helicobacter pylori (H. pylori) in Chinese
regions in a first line context. The choice of deal with
this eradication treatment in a selected geographical
area is absolutely appropriate, since, as we have
[2]
already demonstrated , a single therapeutic approach
is not fitting worldwide. Indeed, geographical variations
in antibiotic resistance rates strongly influence the
outcome, therefore the most proper regimen should
be considered on the basis of the antibiotic resistance
pattern in each area.
However, the results of this meta-analysis deserve
special considerations. First, three studies compared
7-d concomitant versus 7-d conventional triple
therapy, demonstrating that concomitant regimen
is significantly superior to 7-d triple therapy (91.2%
vs 77.9%, P < 0.0001). However, it is a common
belief that a triple therapy lasting 7 d should be
definitively abandoned, due to the disappointingly
low success rate. Currently, only the prolongation of
triple therapy to 14 d can be advised to overcome this
[3,4]
limit . Moreover, the outcome of a meta-analysis
should be the comparison of two regimens that may
have a similar effectiveness; the assessment of an
old and outdated treatment versus a more recent
and successful one could not bring novel and useful
information. The search strategy of this systematic
review did not retrieve trials evaluating concomitant
versus 14-d triple therapy in China, but only this
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Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome

WJG|www.wjgnet.com

Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
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Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
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Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
Shadab A Siddiqi, Orlando
William B Silverman, Iowa City
Shashideep Singhal, New York

IX

Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis
Branko Stefanovic, Tallahassee
Arun Swaminath, New York
Kazuaki Takabe, Richmond
Naoki Tanaka, Bethesda
Hans Ludger Tillmann, Durham
George Triadafilopoulos, Stanford
John Richardson Thompson, Nashville
Andrew Ukleja, Weston
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Potential of hybrid adaptive filtering in inflammatory lesion
detection from capsule endoscopy images
Vasileios S Charisis, Leontios J Hadjileontiadis

Abstract

Vasileios S Charisis, Leontios J Hadjileontiadis, Department
of Electrical and Computer Engineering, Aristotle University of
Thessaloniki, GR54124 Thessaloniki, Greece

A new feature extraction technique for the detection
of lesions created from mucosal inflammations in Crohn’s
disease, based on wireless capsule endoscopy (WCE)
images processing is presented here. More specifically,
a novel filtering process, namely Hybrid Adaptive
Filtering (HAF), was developed for efficient extraction
of lesion-related structural/textural characteristics from
WCE images, by employing Genetic Algorithms to the
Curvelet-based representation of images. Additionally,
Differential Lacunarity (DLac) analysis was applied
for feature extraction from the HAF-filtered images.
The resulted scheme, namely HAF-DLac, incorporates
support vector machines for robust lesion recognition
performance. For the training and testing of HAFDLac, an 800-image database was used, acquired
from 13 patients who undertook WCE examinations,
where the abnormal cases were grouped into mild and
severe, according to the severity of the depicted lesion,
for a more extensive evaluation of the performance.
Experimental results, along with comparison with other
related efforts, have shown that the HAF-DLac approach
evidently outperforms them in the field of WCE image
analysis for automated lesion detection, providing higher
classification results, up to 93.8% (accuracy), 95.2%
(sensitivity), 92.4% (specificity) and 92.6% (precision).
The promising performance of HAF-DLac paves the way
for a complete computer-aided diagnosis system that
could support physicians’ clinical practice.
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Core tip: This paper presents a novel procedure to
analyze wireless capsule endoscopy (WCE) images
and extract features towards the automatic detection
of Crohn’s disease-based lesions. In this direction, a
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Work”).
In this work, we introduce a novel WCE image
analysis system for the recognition of lesions created
by mucosal inflammation in CD. The main contributions
of this paper are in: (1) extending the relatively limited
research efforts on CD lesions and ulcers detection;
(2) developing the novel Hybrid Adaptive Filtering
(HAF) for efficiently isolating the lesion-related WCE
image characteristics, by applying genetic algorithms
[4]
(GA) to the representation of the WCE images on the
[5]
Curvelet Transform domain; and (3) examining the
performance of the proposed approach, namely, HAFDLac, based on the severity of lesions. Additionally,
this work extends the effectiveness of Differential
[6]
Lacunarity (DLac)-based feature vector, presented in
and further examines the potential of the YCbCr space
for efficient lesion detection.

hybrid adaptive filtering process is proposed that aims
to refine the WCE images, prior to feature extraction,
by selecting via a genetic algorithm approach the
most informative curvelet-based components of the
images. Then, differential lacunarity is employed for
extracting color-texture features in YCbCr color space.
The experimental results showed that the proposed
WCE image analysis scheme is robust and outperforms
related approaches of the literature, mainly in the case
of mild lesions detection.
Charisis VS, Hadjileontiadis LJ. Potential of hybrid adaptive
filtering in inflammatory lesion detection from capsule endoscopy
images. World J Gastroenterol 2016; 22(39): 8641-8657
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i39/8641.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i39.8641

RELATED WORK
In the recent literature, the principal research interest
(more than 75% of the WCE-related published
[7]
works ) towards the reduction of the examination time
of WCE data deals with detection of certain disorders
in the internal mucous membrane. The major types of
pathologies targeted are polyps, bleeding, ulcerations,
celiac disease, and CD. As far as inflammatory tissue
(i.e., ulcer and CD lesions) detection is concerned, only
a small proportion of research efforts (7% for ulcers
[7]
and 2% for CD ) are targeted towards this direction,
in spite of the great importance and wide-spreading
of such disorders. Detecting such kind of eroded
tissue is very challenging, since it is characterized by
huge diversity in appearance. For ulcer detection, a
feature vector that consists of curvelet-based rotation
invariant uniform local binary patterns (riuLBP)
[8]
classified by multilayer perceptron was proposed .
Detection rates are heartening, but the performance
is affected by the downsides of LBP. Although riuLBP
perform well in illumination variations, they are
based on the assumption that the local differences of
the central pixel and its neighbors are independent
of the central pixel itself, which is not always gua
ranteed, as the value of the central pixel may also
be significant. Moreover, there is lack of betweenscale texture information that is highly important for
[9]
medical image analysis. In , the authors present a
segmentation scheme, utilizing log Gabor filters, color
texture features, and support vector machines (SVM)
classifier, based on Hue-Saturation-Value (HSV) space.
Classification results are promising, but the dataset
is rather limited (50 images) and includes perforated
ulcerations that are quite easily detected due to clear
appearance. Additionally, the HSV model suffers some
[10]
[11]
shortcomings, as the RGB model . The authors in
propose bag-of-words-based local texture features (LBP
and scale-invariant feature transform-SIFT) extracted
[12]
in RGB space and SVM classifier, whereas in , a
saliency map is used along with contour and LBP data.

INTRODUCTION
[1]

Wireless capsule endoscopy (WCE) is a novel medical
procedure which has revolutionized gastrointestinal
(GI) diagnostics by turning into reality the concept of
painless and effective visual inspection of the entire
length of small bowel (SB). In recent years, the validity
of SB WCE in clinical practice has been systematically
[2]
reviewed . Out of this evidence base, it clearly
emerges that WCE is invaluable in evaluating various
disorders, such as Crohn’s disease (CD), and mucosal
ulcers. CD is a chronic disorder of the GI tract (GT)
that may affect the deepest layers of the intestinal
walls. In 45% of cases, CD lesions are located in
small intestine. One of the main characteristics of
inflammatory bowel diseases, such as CD, is the
evolution of extended internal inflammations to ulcers,
or open sores, in the GT. CD is not lethal by itself, but
serious complications are of high risk, rendering early
diagnosis and treatment essential.
Despite the great advantages of WCE and the
revolution that has brought, there are challenging
issues to deal with. A WCE system produces more than
55000 images per examination that are reviewed in a
form of a video, that requires more than one hour of
[3]
intense labor for the expert, in order to be examined .
This time consuming task is a burden, since the
clinician has to stay focused and undistracted in front
of a monitor for such a long period. Moreover, it is not
guaranteed that all findings will be detected. It is not
rare that abnormal findings are visible in only one or
two frames and easily missed by the physician. Thus,
automatic inspection and analysis of WCE images is
of immediate need, in order to reduce the labor of
the clinician and eliminate the possibility of omitting
a lesion due to the clinician’s non-concentration.
Motivated by the latter, a number of automatic GI
content interpretation research efforts have been
proposed in the literature (see Section “Related
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Both approaches are affected by the weaknesses
of LBP and SIFT features, which are of narrow use,
since such features are often limited in relatively
small regions of interest, are susceptible to noise,
and exhibit insufficient sensitivity results. In the same
[6,13,14]
direction, the works
investigate the potential
of Empirical Mode Decomposition-based structural
features extracted from various color spaces, introduce
texture features based on color rotation, and perform
preliminary research on Curvelet-based lacunarity
texture features. The proposed results are promising,
but the dataset used for validation is rather small. To
the best of our knowledge, the main research efforts
reported in the literature dealing with the detection of
[15-17]
[15,16]
CD lesions are
. In
, Color Histogram statistics,
MPEG-7 features along with a Haralick features and
[17]
a Mean-Shift algorithm are used, whereas in
a
fusion of MPEG-7 descriptors and SVM classifiers are
employed. Even though the classification performance
is promising, MPEG-7 standards were not particularly
designed to describe medical images; thus, there are
several problems behind applying them in medical
image analysis. They were developed for multimedia
content description; hence, in case of images, they
describe the overall content of the image, not allowing
efficient characterization of local properties or arbitrary
shaped regions of interest. Besides, they compute
descriptors within relatively big rectangular regions
that are inadequate for description of local medical
image properties.
Aside from schemes developed to detect a single
abnormality, there are efforts towards broad frame
works that detect multiple abnormalities, such as
[18-24]
blood, erythema, polyps, ulcers and villous edema
.
Nevertheless, none of them deals with less straight
forward lesions created by CD inflammations. It is
unquestionable that detecting multiple abnormalities is
important for an overall computer-assisted diagnosis
tool, but it is crucial that all abnormalities are equally
detected properly. This is extremely challenging and
not achieved in any of the aforementioned techniques,
where ulcer detection results are rather low. There is no
one-size-fits-all approach, particularly for CD lesions and
ulcerations that exhibit huge diversity in appearance,
with attributes (color, texture, size) varying significantly
over severity and position.
From a methodological validation point of view,
a serious limitation of the preceding efforts is the
employment of quite small databases (< 250 images
[7]
instead of > 500 ), which are often unbalanced
and not described in detail (severity, incorporation of
confusing tissue). Moreover, the inclusion of multiple
instances from the lesion taken in the very same
region within the GT that exhibit high similarity is a
possible source of overfitting and virtual optimistic
results. Last but not least, none of the published
approaches validates the performance against the
[17]
severity of lesions, apart from , where lesion severity
classification takes place.

WJG|www.wjgnet.com

In the direction of reducing the reading time of
WCE images, apart from the research efforts reported
in the literature, there are some existing software
solutions that have been implemented within the
WCE image reviewing software by the manufacturing
companies of the wireless capsules. The first software
module designed towards reading time reduction
[25]
was the Suspected Blood Indicator . This software
module analyses WCE images with respect to color
and selects the frames that contain a large number of
red pixels, detecting, in this way, blood or other lesions
characterized by the red color. The notion behind this
software module is the same as the ones presented
above (and the one proposed in this work), i.e.,
automatic detection of a specific disorder. However,
the performance is substandard in terms of sensitivity
[25]
(40.9%) and specificity (70.7%)
and, thus, cannot
be reliably used in clinical practice. Another software
tool aiming at reading time reduction is Automatic
[26]
Mode , that groups images with similar semantics
based on color, shape and texture features and
projects only one representative frame. No automatic
detection of disorders, however, takes place. In this
[26]
context, the physician saves time (up to 47% ) by
reviewing less images. Nevertheless, lesions that only
appear in few images and small-sized lesions that do
not cause significant shifts of the image features are
often missed. Consequently, this tool is suggested to
be used when diffuse or large lesions are expected
[26]
to be found . Last but not least, two software tools
targeting data enhancement have been incorporated
[27]
in WCE images reading software, namely Blue Mode
[27]
and Fuji Intelligent Colour Enhancement (FICE) .
Blue Mode enhances the images by applying color
shifting in the short wavelength range of visible
light (around the wavelength of blue color). On the
other hand, FICE, based on Spectral Estimation
[28]
Technology , analyses an image, estimates spectra at
various wavelengths and produces an enhanced image
of a given wavelength of light (most often to narrowed
blue and green). Both techniques do not provide
direct automatic lesion detection, but reduce WCE
reading time in an indirect way. By improving image
quality and intestinal surface structure representation,
the doctors, theoretically, can more easily identify
pathologic changes and, thus, review the whole
sequence faster. Although such tools seem to improve
[27]
the detection accuracy of lesions , the significance
of WCE data reading time reduction in clinical practice
has not been studied yet.

PROPOSED HAD-DLAC APPROACH
Overview

The objective of HAF-DLac scheme is as follows.
Given a region of interest (ROI) I within a WCE image,
identify if I corresponds to normal tissue or CD lesion.
The overall structure of HAF-DLac scheme, along with
a working example, is depicted in Figure 1. After a pre-
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Figure 1 Proposed HAF-DLac scheme along with a working example.

processing stage, where the RGB image is converted
to YCbCr space and the chromatic channels are
extracted, the WCE image is inputted to HAF section of
HAF-DLac scheme. YCbCr space was selected because
it is a perceptually uniform color space that separates
color from brightness information and overcomes
the disadvantage of high correlation between the
[29]
RGB channels . The role of HAF is to isolate the CD
lesion-related WCE image characteristics, facilitating
the task of feature vector extraction that follows. To
achieve this, HAF incorporates GA that acts upon the

WJG|www.wjgnet.com

representation of WCE images on the Curvelet space.
In the latter, the image is decomposed into a series
of Curvelet-based sub-images of various scales and
orientations. Then, GA is employed and, by using
energy- or Lacunarity curve gradient-based fitness
function, selects the optimum sub-images that relate
the most with the CD lesion-related characteristics.
The HAF output consists of the selected sub-images
that could be either combined through a reconstruction
process to produce a reconstructed image (R-case),
or used directly with no reconstruction (NR-case).
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Under both scenarios, the HAF output is used as input
to the DLac section of the HAF-DLac scheme. There,
DLac-based analysis is performed, resulting in efficient
DLac
extraction of feature vector (FV ), corresponding to
R
NR
the R- and NR-case (FV and FV , respectively). The
latter is forwarded to SVM-based classification.

borders, highlighted by the grater intensity range, that
may conceal the delicate textural patterns and hinder
efficient features extraction. The formula used for the
EFF is:

Hybrid adaptive filtering

where S is the string of 1/0S, Sr = 1 is the set of the
elements of S with value 1, ci represents the subimage at angle i.

2

In order to follow the WCE image characteristics
and focus upon the ones that mostly relate to the
CD lesion information, a hybrid adaptive filtering
(HAF) approach was developed. As declared by the
term “hybrid”, HAF entails two processing tools,
i.e., CT and a simple GA optimization concept, so as
to construct a filtering process adapted to specific
characteristics of the filtered signal. CT is qualified
as a filter bank due to its functionality to decompose
an image into sub-images at various scales and
orientations that can be interpreted as a pseudo[30]
spectral-spatial representation . In order to exploit
the aforementioned capability of CT, a new GA-based
approach was introduced for the optimized selection
of sub-images that correspond to specific features of
an image. The concept of decomposing a WCE image
in curvelet domain and selecting specific informative
sub-images was implanted by a previous preliminary
[6]
study , where it was evidenced that sub-images at
certain scales and angles exhibit high discrimination
capabilities. One of the most important modules of
the filtering procedure described above is the fitness
function (FF) of the GA, as this is a pivotal criterion
according to which the filtering is implemented.
Energy-based fitness function (EFF) and Lacunarity
curve gradient-based (LFF) FFs were employed in this
approach.

2

(1)

LFF

Apart from the EFF, a second approach was attempted,
by employing the gradient of the DLac-w curve
estimation in the FF structure. As mentioned before,
DLac is a measure of heterogeneity and a scaledependent measure to characterize and discriminate
[31]
textures and patterns . In this way, an image with
uniform patterns delivers lower DLac values than an
image with arbitrary and irregular patterns. The DLac
analysis scale is determined by the size w of the gliding
window (see Section “DLac-Based Feature Vector”).
The DLac-w curve can be considered as a multi-scale
description of structural patterns and its gradient can
reveal the existence of specific textures and structures.
For example, if an image contains microstructures with
moderate differentiation for a variety of observation
scales, the gradient of the DLac-w curve is expected to
be lower than the one that corresponds to more abrupt
and irregular structures that can be described rather
diversely from various scale perspectives.
The aim of using LFF was to capture the variations
in structural and textural characteristics of WCE
images. Images with small DLac-w curve gradient
may correspond to structures of normal and eroded
mucosa, while DLac-w curves with steeper slope
may account for distracting content. To this end,
by considering the capability of DLac-w curve to
monitor the existence of valuable or meaningless
content, DLac-based filtering would act as a boosting
procedure of the information of the initial WCE images
related to the CD lesion structures in it. This concept
is validated by the observations made, based on the
[6]
results of , where the sub-images that provided
better performance exhibited divergent DLac-w curve
gradient compared to those that granted worse
results. In Figure 3, the boxplot of the local gradient
of DLac-w curves vs the analysis scale is depicted for
efficient (black) and non-efficient (gray) sub-images
at the Curvelet domain, coming from 30 randomly
selected WCE images depicting CD lesion or normal
tissue. From Figure 3 it is clear that non-efficient subimages tend to expose higher slope at smaller scales
and lower slope at bigger scales. The gradient of DLac
curve at scale i (Gr(i)) is calculated as the difference
Λ(i + 1) - Λ(i - 1). The formula used for the LFF is
expressed by

EFF

The aim of using EFF was to conduct a filtering
procedure by selecting the sub-images which embed
the minority of the energy of the image. Based on
[6]
the results of , we observed that the sub-images
with better performance exhibited lower mean energy
compared to the others that achieved worse results.
This may be explained by the fact that the sub-images
with high mean energy contain abrupt and steep
structures that do not convey valuable information
about the texture of normal and eroded mucosa. On
the contrary, the low energy sub-images are free from
misleading content and are more likely to contain CD
lesion-based information. This potential is evidenced
in Figure 2A, where we can see the decomposition of
an ulcer image (Y channel) at scale 3 and 8 angles.
It is clear that sub-images at angles 1, 4, 5 and 8,
which contain less mean energy than the rest (Figure
2B), are more likely to exhibit informative texture
content, since they display informative, apparently,
distribution of non-zero pixels and they do not contain
sharp changes. On the contrary, the sub-images at
angles 2, 3, 6 and 7 exhibit intense variations at their
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Figure 2 Curvelet-based decomposition of a wireless capsule endoscopy image. A: Decomposition of the Y channel of an ulcer image at scale three and eight
angles; B: Mean energy of each angle depicted in (A).

since the gradient at the first two scales has to be high
and the gradient of the rest scales has to be low (based
on Figure 3).

to the differential calculation; and (2) rotational
translation, since the pixel arrangement in the
gliding box is irrelevant. In general, DLac surpasses
the simple statistical (e.g., Haralick features, cooccurrence matrix, etc.) as well as the more advanced
structural approaches (such as riuLBP, textons, texture
spectrum, etc.) of texture because it is based on,
neither plain non-scale statistical analysis of the raw
pixel intensities, nor predefined structural patterns.
On the contrary, it relies on the statistical analysis
of pseudo-patterns (box mass), defined by the data
itself, at multiple scales while providing between-scale
information. For the above reasons, DLac is expected
to produce powerful features from the HAF-enhanced
WCE images and achieve advanced classification
results that is evidenced by the experimental results.
In order to exploit the multi-scale analysis advantage
of DLac, the value Λ(w,r) [see (1)] is not calculated for
a single set of parameters. In this work, we calculate
Λ vs w, with r being a constant, despite the fact that
[32]
initial approaches suggested the opposite . This
[33,34]
technique
is adopted because w is the primary
feature that affects the scale of the analysis, since it

DLac-based feature vector

The second part of the proposed HAF-DLac scheme
DLac
is DLac analysis that aims to efficiently extract FV .
As noted before, CD lesions exhibit widely diverse
appearance; thus, a robust tool is required to be
able to perform multi-scale, translation invariant
texture analysis. DLac is such an attractive tool
due to its simple calculation and precision that has
been previously used successfully for WCE image
[6,14]
[32]
analysis
. The rationale for using DLac
is its
capability of revealing either sharp or slight changes
in neighboring pixels (that characterize CD lesion
texture), since it does not use thresholding, as does
a very common feature extraction tool, namely
riuLBP, that conceals the magnitude of changes. The
downsides of riuLBP and other feature extraction
approaches are presented in Section “Related Work”.
Moreover, DLac is tolerant to: (1) non-uniform
illumination (very common in WCE images), due
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Figure 3 Boxplot of local gradient of DLac curves vs analysis scale (parameter w) for efficient (black) and non-efficient (gray) sub-images at curvelet
space based on[6]. +: Extreme value.
N

determines the size of the image region on which the
[31,33]
box mass will be calculated. According to
, the
larger the area on which the box mass is calculated,
the coarser the scale of Lac analysis becomes. On the
contrary, r value affects the scale of DLac analysis
only to a certain degree, by determining the size of
the neighborhood on which the differential height
is calculated and, consequently, the sensitivity to
recognize intensity variations. Thus, in our approach,
we achieve to identify slight variations in neighboring
pixels (by selecting a small value for r) and to analyze
structure patterns at different scales. Moreover,
N
Λ(w)|wmin curve is normalized (Λ (w)) to the value
Λ(w), in order to secure an identical reference level
[35]
and extract more efficient information .
N
The decay of Λ (w) as a function of window size
follows characteristic patterns for random, self-similar,
and structured spatial arrangements, and lacunarity
functions can provide a framework for identifying such
N
diversities. Thus, the Λ (w) curve may form the FV.
The concept of reducing the feature space dimension
N
introduces the essence of modelling Λ (w) with
another function L(w). The normalized DLac-w curves
bear resemblance to hyperbola. On this ground, the
function
a

L(w) = b/w + c,w = [wmin,wmax]
N

behaviour of the Λ (w) curve, i.e., the DLac-based
texture features of a WCE image. Another way to
reduce the feature space dimension established by the
DLac curve is to use six statistical measures that are
N
[8,37]
calculated on the Λ (w) curve
. The six common
N
statistical features extracted from Λ (w) curve are:
mean (MN = E[X]), standard deviation (STD =
2 1/2
(E[(X-m)/s ]) ), entropy (ENT = -Σ(pi∙log(pi))), energy
2
3
(ENG = E[X ]), skewness (r3 = E[((X-m)/s) ], measure
of the asymmetry of the probability distribution), and
4
kurtosis (r4 = E[((X-m)/s) ], descriptor of the shape of
probability distribution), where pi is the probability of
value xi, X is a random variable with mean value m and
standard deviation s.
In order to draw more conclusive results about the
efficiency of DLac-based FV, five different types of FVs
are constructed:
= [Λ (wmin + 1), ..., Λ (wmin + 5)],

(4)

DLac

= [a, b, c],

(5)

DLac

= [a, b, c, Λ (wmin + 1), Λ (wmin + 2)],
N
(6)
Λ (wmin + 3)],

DLac

= [MN, STD, ENT, ENG, r3, r4,),

DLac

= [FV3

FV2
FV3

FV4

(3)

FV5

[35]

was chosen to model the Λ (w) curves . Parameter
a portrays the convergence of L(w), b represents the
concavity of hyperbola and c is the translational term.
N
The best interpretation of Λ (w) by the model L(w) is
computed as the solution of a least squares problem,
where parameters a, b, c are the independent
[36]
variables . Parameters a, b, c embody the global
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DLac

FV1

N

N

N

DLac

N

DLac

, FV4

].

(7)
(8)

DLac

In FV1 , the entire DLac curve values are not used,
in order to avoid the “curse of dimensionality” effect
and because the length of the curve depends on the
size of the input image/sub-image (for more details
see Section “Parameter Setting, HAF Realization and
DLac
FV Construction). FV3
aims to express the glocal,
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i.e., both global (parameters a, b, c) and local (values
N
[6]
Λ (w)), behavior of the curve. As a previous study
has shown, this is quite an efficient approach to
replace the lengthy DLac-w curve, without omitting
DLac
crucial information. At last, FV5
constitutes an
DLac
augmented version of FV3 , in terms of global
DLac-w curve behavior representation.

intestinal content) and 14 CD-related lesion images
(collected using the MiroCam system, IntroMedic Co,
South Korea).

Parameter setting, HAF realization and FV construction

As far as the CT is concerned, two parameters have to
be determined, i.e., the number of analysis scales and
the number of analysis angles at the second scale. It
is prevalent in related applications to use three to four
[8]
scales for the analysis . One of the main factors that
determine the number of scales is the input data to
be processed. As the number of scales increases, the
size of the computed sub-images decreases, which
may lead to negative effects. In our approach, after
exhaustive trials we opted for four analysis scales.
Each scale employs a certain number of angles that
[6]
differ from scale to scale. It has been shown that,
for avoiding data redundancy and complexity, the
optimum number of angles at the second scale is 8.
Considering the implementation of DLac analysis,
Λ(w) is calculated for gliding box size r = 3 pixels and
gliding window size w = 4 to wmax, where wmax is
the minimum dimension of the input data. We did not
choose a fixed value for wmax because the curvelet
sub-images vary a lot in size, and we needed as longer
DLac curves as possible, so as to acquire more efficient
FVs.
Regarding the gliding box, its size has to be small
in order to be capable to recognize slight local spatial
variations that characterize lesion tissue. The value r =
3 pixels was selected after exhaustive experiments. As
far as the gliding window is concerned, its size has to
range from small to large values so as to capture both
micro- and macro-structures and achieve multiscale
information extraction. The minimum size of gliding
window adopted here is the smallest feasible value,
i.e., r + 1, in order not to miss information from the
tightest possible analysis scale.
In order to implement the curvelet sub-image
selection via HAF, the 25% of the dataset was used.
From the 800 images in total, we randomly selected
100 normal and 100 abnormal samples without
considering the severity class they belong. For
each generation of GA, the FF value was calculated
accordingly to the whole dataset of the 200 images
per chromatic channel. The selected sub-images per
chromatic channel and FF method were found to be
(scale/angle):

EXPERIMENTAL AND IMPLEMENTATION
ISSUES
Dataset

A fundamental part to develop a robust and efficient
algorithm for WCE-based lesion detection, in general, is
the existence of a sufficiently rich database, on which
the algorithm is going to be tested. Unfortunately, the
majority of related approaches (59%) are based on
[7]
databases consisting of less than 500 images . Using
a limited number of images, or even highly correlated
images can doubtlessly lead to overfitting that may
produce a virtual, unrealistic, fruitful performance.
The WCE image database used in this study
contains 400 frames depicting CD-related lesions and
400 lesion-free frames acquired from 13 patients
who undertook a WCE examination. The exams were
rated twice by two clinicians. Then, we selected only
the images that have been classified all four times
into the same class. This procedure allowed to assess
the inter-/intra-rater variability and acquire a highly
confident dataset. Moreover, the physicians, upon
mutual agreement, manually computed a ROI in
each image. Some characteristic examples are given
in Figure 4. The CD lesion images were manually
annotated into mild (152 samples) and severe (248
samples) cases, based upon the size and severity
of the lesion. The mild case includes lesions at an
early stage with vague boundaries that are difficult
to recognize (Figure 4 bottom), whereas the severe
case contains lesions that are clearly shaped (Figure
4 middle). This discrimination was performed in order
to extensively assess the performance of the proposed
scheme on the basis of the lesion detection difficulty.
Additionally, a “total” scenario that contains all lesion
images is examined, so as to assess the performance
from a spherical perspective. The 400 abnormal
images were taken from 400 different lesion events
for achieving the lowest possible similarity. The normal
part of the dataset contains frames that depict both
simple and confusing tissue (folds, villus, bubbles,
intestinal juices/debris) for creating realistic conditions
and avoiding virtual optimistic results.
In order to further validate the efficacy of the
proposed scheme, two open WCE databases are
[38]
engaged, namely CapsuleEndoscopy.org (CaEn)
[39-41]
and KID
. The CaEn database contains 6 normal
and 22 CD-related lesion images (collected using
the Pillcam SB from Given Imaging, Israel) while the
KID database contains 60 normal (30 with confusing
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{[2/(5, 6, 8), 3/(4, 5, 8, 9, 12, 13), 4/(1, 4, 5, 10,
13)]|Y; [2/(2, 6), 3/(4, 5, 9, 12, 13, 16), 4/(4, 8, 13,
16)]|Cb; [2/(1, 5, 6), 3/(1, 4, 9, 13), 4/(1, 5, 9, 13,
16)]|Cr}|EFF, and
{[1/(1), 2/(6, 7, 8), 3/(8, 9, 12, 13), 4/(1, 2, 3, 7,
9, 13)]|Y; [1/(1), 2/(2, 6), 3/(9, 12), 4/(1, 4, 8, 9, 13,
16)]|Cb; [1/(1), 2/(6), 3/(1, 4, 8, 12), 4/(1, 5, 8, 9,
13, 16)]|Cr}|LFF.
DLac

The FVx
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ROIs

Normal

Severe lesion

Mild lesion

Figure 4 Six Wireless Capsule Endoscopy images of the adopted dataset and corresponding regions of interest: (from top to bottom) normal case, severe
Crohn's disease lesion and mild Crohn’s disease lesion.

individual chromatic channel, for the combination of all
channels and for each feature extraction approach (R-/
NR-case). For the combined channel scenario (Section
“Hybrid Adaptive Filtering”), the NR-case was not
taken into consideration, as it would lead to a lengthy
FV and the classification procedure would suffer from
the “curse of dimensionality” effect. For example, for
DLac
the FV5
and EFF case the resulted FV would contain
456 features (12 features/sub-images × 38 subimages).

procedure. In order to achieve as much generalization
as possible, 3-fold cross validation was applied 100
times and the average accuracy (ACC), sensitivity
(SENS), specificity (SPEC), and precision (PREC)
values were estimated.

RESULTS
The performance of the proposed scheme is evaluated
through the experimental results derived from the
application of the CD lesion detection technique to the
experimental dataset. To this end, results from every
individual channel (Y, Cb, Cr) and the combination of
them, under both HAF-DLac implementation scenarios
(R/NR-case) and all severity cases (mild, severe, total)
are presented.

Classification setup

The classification phase of the HAF-DLac scheme
is performed by a SVM classifier with radial basis
[42]
kernel function . SVM have been used extensively in
pattern recognition applications related to WCE image
[6,9,11,17]
analysis
, showing superior performance. The
data from the database that did not contribute to the
sub-image selection, were used for the classification
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Individual channel case

For the individual channel case, ACC values were
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Figure 5 Classification ACC values using both fitness functions LFF (lacunarity curve gradient-based fitness function) and EFF (energy-based fitness
function), for the R-individual channel case, all severity cases and all feature vector (FV) types [see (2) - (6)].

calculated for R and NR cases, for all severity scenarios
and FVs.

for all channels. This is explained by the fact that LFFbased filtering, due to the intuitive characteristics of
DLac, is able to discern and boost more efficiently
the textural structures of mucosa that slightly differ
in case of mild lesions. In case of severe lesions, the
detection accuracy of the HAF-DLac is significantly
higher, as expected, for all channels compared to mild
lesion scenario. ACC is 91.5%, 90.3% and 93.8% for
Y, Cb and Cr channels, respectively, for the LFF case
DLac
and FV5 . Given the easier task of discriminating
severe lesions, the EFF-based filtering, provides with
results that slightly differ (-0.2 to -0.9 pp) from the
LFF ones, as opposed to the mild lesion case, where
the difference is -1.6 to -4.8 pp. Finally, at the total

Reconstruction case: For the R-case, the ACC values
for all individual channels and all CD lesion cases are
depicted in Figure 5 for the two FFs used and for the
five types of FV. For the mild lesion case, it is clear that
DLac
the augmented FV (FV5 ) extracted from Cr channel
provides with the best performance (78.8% ACC).
Channel Cb achieves 3.7 percentage points (pp) lower
ACC than Cr, whereas channel Y delivers the worst
detection accuracy (71.2%) for the same FV. These
results refer to the LFF case. On the contrary, the EFF
scenario evidently exhibits deteriorated performance
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Figure 6 Classification ACC values using both fitness functions LFF (lacunarity curve gradient-based fitness function) and EFF (energy-based fitness
function), for the NR-individual channel case, all severity cases and all feature vector (FV) types [see (2) - (6)].

Cr}. For severe lesions, the best ACC values are
DLac
89.1%, 87.0% and 90.2% for {EFF, FV2 , Y/Cb/Cr
(respectively)}. Last but not least, for the total CD
lesion case, the highest ACC value is 86.3% for Cr
channel, followed by Cb channel with 84.8% ACC value
DLac
for {LFF, FV4 }. The worst performance is delivered
DLac
by Y channel, achieving 81.5% ACC for {EFF, FV4 }.

scenario, Cr channel also provides with the best
performance (90.5% ACC), followed by Cb (88.0%
DLac
ACC) for FV5
and LFF. Y channel achieves 85.7%
ACC or the same FV but for EFF case.
No-reconstruction case: The procedure followed
in the R-case was also adopted in NR-case. More
specifically, Figure 6 shows the ACC values for all
individual channels. It is clear that, as in R-case,
channel Cr and LFF approach exhibit the best
performance regarding the value of ACC for the
majority of cases. Considering mild lesions, the highest
DLac
ACC values achieved are 64.8% for {EFF, FV2 , Y},
DLac
DLac
77.8% for {LFF, FV4 , Cb} and 81.2% for {LFF,FV3 ,
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Combined channel case (R-case only): The eva
luation of HAF-DLac for the combined channel data
followed the same practice as in individual channel
data. The ACC values for the combination of Y, Cb and
Cr channels and all CD lesion scenarios are depicted
in Figure 7 for the two FFs used [LFF (black line) and
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Figure 7 Classification ACC values using both fitness functions LFF (lacunarity curve gradient-based fitness function) and EFF (energy-based fitness
function), for the R-combined channel case, all severity cases and all feature vector (FV) types [see (2) - (6)].

to detect CD lesions. At last, Table 3 presents the
classification results acquired from applying the above
approaches to the open databases CaEn and KID.

Table 1 Best ACC values for both individual and combined
channel cases
Channel
Y
Cb
Cr
YCbCr

Severity scenario
Mild

Severe

Total

71.3% (R-LFF-FV5)
77.8%(NR-LFF-FV4)
81.2%(NR-LFF-FV3)
79.0% (R-LFF-FV5)

91.5% (R-LFF-FV5)
90.3 %(R-LFF-FV5)
93.8% (R-LFF-FV5)
93.2% (R-EFF-FV3)

85.7% (R-EFF-FV5)
88.0% (R-LFF-FV5)
90.5% (R-LFF-FV5)
88.3% (R-LFF-FV5)

Statistical analysis

To examine the robustness of the proposed HAFDLac approach, sensitivity analysis with regard to
image noise, the parameter r of DLac, and some GA
parameters (initial population (IP), generations, P0→1,
and P1→0) was performed. In particular, the sensitivity
of the quantities SENS and SPEC, defined as d (X) =
(|Xnew - Xbase|/Xbase) × 100%, where X is SENS or
SPEC, Xbase is the base value that is achieved with the
current settings and Xnew is the new value acquired
after changing one parameter of the system, was
estimated. Given that the d calculation with respect to
each examined parameter requires full analysis, we
performed it only for the total scenario. The SENSbase
and SPECbase used in this study are the highest values
achieved for the total scenario R-case LFF approach
DLac
and FV5 , i.e., 91.8% and 89.2%, respectively (see
Section “Overall Performance”).
As far as the resiliency to noise is concerned, zero
mean Gaussian noise was added to the images. The
variance of the added noise ranged from 0.005 to 0.05
in increments of 0.001 up to 0.01 and 0.005 from 0.01
to 0.05. In Figure 8A, the SENS and SPEC values are
depicted, whereas in Figure 8B the index d for these
metrics is shown. It is observed that the proposed
system is rather robust to noise, as the sensitivities
of SENS and SPEC are < 2% for noise variance 0.005
and do not exceed 6% and 2.5%, respectively, for
noise variance up to 0.01. When more intense noise is
added, the performance notably drops; however, even
in such a case, 83% SENS and 74.4% SPEC for 0.02
variance noise are quite acceptable.
Another significant parameter of the proposed
system is the size r of the gliding box of DLac analysis.
Figure 8C presents the SENS and SPEC values when
r ranges from 2 to 15 pixels, whereas Figure 8D
depicts the corresponding sensitivity values of SENS
and SPEC. The base values correspond to r = 3. It is

The format (X-Y-Z) corresponds to (R/NR-case - FF - FV type). The best
ACC value for each severity scenario is formatted in bold.

EFF (gray line)] and for the five types of FV. For mild
lesions, the highest classification ACC value for LFF
approach is 79% and for EFF approach is 75.9% for
DLac
FV5 . In case of severe lesions, the ACC values are
increased by 13.7 pp and 17.3 pp (i.e., 92.7% and
DLac
93.2%) for LFF and EFF, respectively, for FV3 . At
last, in the total case, LFF achieves 88.3% ACC value
DLac
for FV5 , whereas EFF provides with 85.2% ACC
value for the same FV.

Overall performance

Table 1 presents the best ACC values in the format of
“percent (R/NR-case - FF - FV type)”, both for individual
and combined channel cases and all three severity
scenarios from a spherical perspective. The best mean
results for each severity scenario are formatted in
bold. The SENS-SPEC values for Cr-mild, Cr-severe
and Cr-total are 76.6%-85.8%, 95.2%-92.4%, and
91.8%-89.2%, respectively. Moreover, for comparison
purposes, the best classification results of the proposed
scheme for all severity scenarios, and the classification
results when using some of the most promising
[6]
[8]
schemes in literature, proposed in (CurvLac) ,
[17]
(CurvLBP), and
(ECT), are presented in Table 2.
[6]
In , the authors engaged curvelet-based Lac features
extracted from single or combined sub-images in the
[8]
curvelet domain, whereas in , curvelet-based LBP is
[17]
applied for ulcer recognition, and in , MPEG-7-based
edge, color and texture features are used in order
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Table 2 Best ACC/SENS/SPEC/PRES for HAF-DLac vs other approaches
Methodology

[6,8,17]

Severity scenario

HAF-DLac
CurvLac
CurvLBP
ECT

Mild

Severe

Total

81.2%/76.6%/85.8%/84.3%78.8/73.2/84.4/82.41
69.8%/64.3%/75.3%/72.2%
73.4%/67.2%/79.6%/76.7%
71.8%/65.9%/77.7%/74.7%

93.8%/95.2%/92.4%/92.6%
90.4%/92.5%/88.3%/88.8%
89.6%/91.9%/87.3%/87.9%
91.2%/92.8%/89.6%/89.9%

90.5%/91.8%/89.2%/89.5%
84.5%/87.1%/81.9%/82.8%
81.7%/83.2%/80.2%/80.8%
85.6%/87.5%/83.7%/84.3%

1

These values correspond to R-case FV5DLac.

Table 3 Classification results on CaEn
Classification
measures

100
95
90
85
80
75
70
65
60
55
50

open wireless capsule endoscopy databases

CaEn database

KID database

CurvLac

CurvLBP

ECT

HAF-DLac

CurvLac

CurvLBP

ECT

89.3%
90.9%
83.3%
95.2%

75.0%
77.3%
66.7%
89.5%

75.0%
77.3%
66.7%
89.5%

82.1%
81.8%
83.3%
94.7%

85.1%
85.7%
85.0%
57.1%

74.3%
57.1%
78.3%
38.1%

78.4%
71.4%
80.0%
45.5%

75.7%
64.3%
78.3%
40.9%

B

30

SENS
SPEC

25

d (%)

20
15
10
SENS
SPEC
0

5

0.01

0.02
0.03
Variance of added noise

0.04

0

0.05

D

0

0.01

30

0.02
0.03
Variance of added noise

0.04

0.05

SENS
SPEC

25
20
d (%)

SENS/SPEC
SENS/SPEC

C

100
95
90
85
80
75
70
65
60
55
50

[39-41]

and KID

HAF-DLac

ACC
SENS
SPEC
PREC

A

[38]

15
10

SENS
SPEC
2

3

4

5
5

6

7
8
9 10
Gliding box size r

11

12 13

0

14 15

2

3

4
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7
8
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Gliding box size r

11
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Figure 8 Robustness study for HAF-DLac scheme. A: SENS, SPEC values when zero-mean Gaussian noise of various variances is added; B: Sensitivity of SENS,
SPEC for (A); C: SENS, SPEC values for various sizes of the gliding box r of DLac analysis; D: Sensitivity of SENS, SPEC for (C).

sensitivity of SENS and SPEC is less than 1% for all
tested cases.

evident that the bigger the gliding window, the lower
the performance. However, the HAF-DLac scheme
exhibits remarkable robustness, since the sensitivities
of SENS and SPEC are 4.5% and 5.5%, respectively,
even for tripling the size of the gliding window. At the
extreme case of r = 15, the SENS value is more than
75% and SPEC value is more than 83%, indicating an
efficient performance.
Finally, Table 4 tabulates the results of the sen
sitivity calculations for +20% and -20% shift of four
GA parameters. It is clear that the proposed approach
is very robust with respect to all parameters, as the
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Validation of DLac-based features

In order to validate the choice of DLac analysis for
the extraction of texture features a comparative
study took place of the classification performance of
various widely used statistical features that include:
nine histogram-based features (Hist), five gradientbased features (Grad), five feature based on the
autoregressive model (AR), 11 features based on the
co-occurrence matrix for four directions (44 features
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Table 4 Robustness study for HAF-DLac with respect to genetic algorithms parameters
Parameter

IP

(%) change
δ (SENS)
δ (SPEC)

Generations

P0→1

P1→0

20

-20

20

-20

20

-20

20

-20

0.27%
0.41%

0.64%
0.87%

0.54%
0.81%

0.68%
0.96%

0.14%
0.17%

0.08%
0.11%

0.21%
0.11%

0.17%
0.09%

100

ACC

SENS

   SPEC

PREC

95
90
85
80
75
70
65
60
DLac

Hist

Grad

AR

COM1

COM2

COM3

COM4

COM5

RLM0

RLM45

RLM90

  RLM135

RLMtotal

Figure 9 Classification results for various texture feature extraction techniques.

in total) for five inter-pixel distances (COM1-COM5) and
five run-length-matrix-based features for four different
directions (RLM0, RLM45, RLM90 and RLM135) and a
[43]
combination of them (RLMt) . These feature were
calculated from the HAF-outputted images (R-case and
LFF approach) in Cr channel (most efficient setup) and
only the total scenario of data was considered. Figure
9 presents the classification results (ACC, SENS, SPEC,
PREC) achieved by each of the latter FVs along with
DLac
the DLac-based FV (FV5 ).

ACC value), while reducing the complexity. It is also
evidenced that the Cr component is the most efficient
for CD lesion detection, implying that the majority
of CD lesion-related information is more thoroughly
expressed by the amount of blue-greenish or fuchsiareddish hues. This might be explained by the fact
that the reflected reddish-greenish light is closely
related to blood volume. Intestine walls are packed
with a blood-vessels grid that is locally deformed by
the mucosal erosion. On the contrary, the luminance
plane Y, is the least competent for such an approach,
specifically when the lesions are mild. Luminance
varies significantly within GT, even for normal regions.
Consequently, Y plane cannot adequately capture the
modest lighting variations caused by eroded intestine
walls.
As far as the NR-case is concerned, from an
overall point of view and considering the FV types
performance, it becomes apparent that the most
powerful FVs are the second and the forth with
DLac
an exception of the mild-Cr case, where FV3
is
the most efficient. In contrast to the R-case, the
DLac
lengthiest FV (FV5 ) is unable to correctly classify
abnormal regions, maybe owing to the over-length
of FV resulting in the “curse of dimensionality” effect.
DLac
Moreover, in most cases, FV2
performs better than
DLac
FV1 , denoting that the synopsis of the DLac curve
information in just three parameters, although it
omits important information (as shown in R-case),
tends to improve the detection potential, because
multiple sub-images are simultaneously employed. We
should also highlight the low results presented by Y
channel during the mild lesion scenario, implying that
combining information from multiple sub-images in the

DISCUSSION
In this paper we developed the HAF-DLac scheme
for the detection of CD-based lesions. HAF-DLac was
thoroughly tested on a rich dataset to ensure its good
performance.
As the experimental results have shown at the
individual channel R-case, engaging specific DLac
DLac
values alone, i.e., FV1 , is incapable to potently
describe the characteristics of CD lesions. In the same
way, the mere representation of the DLac curve with
the hyperbola parameters does not provide fruitful
effects. Moreover, in some cases (Y and Cb channels,
severe and total scenario) the performance decreases,
implying the loss of critical information. On the other
DLac
hand, the utilization of FV5
that incorporates
information in various formats from the entire DLac
curve significantly improves the performance of
DLac
the proposed scheme. FV5
provides the highest
classification results, however, in many cases (mild-Y/
DLac
DLac
Cb/Cr, severe-Cb/Cr, total-Y) FV3
and/or FV4
DLac
that are half in size compared to FV5 , achieve
similar or slightly lower results (less than one pp lower
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low-potential luminance plane results in deteriorated
performance. Finally, as far as the two selection
approaches are concerned (EFF and LFF) in NRcase, it is apparent that there is no clear winner. The
utilization of features extracted from multiple structural
components of the WCE images (sub-images) permits
to camouflage, to a certain extent, the shortcomings
introduced by each approach.
Considering the combined channel case, the
differences in terms of classification accuracy between
the two FFs is marginal, with an exception of mild
lesion detection. Similarly to the R-individual channel
case, the FVs that include augmented information from
DLac
DLac
DLac
the entire DLac-w curve (FV3 , FV4
and FV5 )
achieve better performance, compared to the more
DLac
DLac
simple FVs (FV1
and FV2 ).
From an overall perspective, it is evident that Cr
channel delivers the highest classification accuracy for
DLac
all severity scenarios. The LFF approach and FV5
are
also proven to provide better results for the majority
of cases. However, this notion does not apply for the
DLac
DLac
NR-case, where FV3
and FV4
are more efficient.
It is also noteworthy that, although the highest ACC
value (81.2%) for the Cr-mild case is achieved for NRDLac
case and FV3 , the corresponding result for the R-case
DLac
and FV5
(which are the most efficient settings
for severe and total scenarios) is only 2.4 pp lower,
implying a rather satisfactory behavior. Comparing
the results between R- and NR-cases of individual
channels we can conclude that NR-case results in
decreased classification performance for the majority
of cases. The utilization of features from individual
curvelet-based sub-images results in lengthy overall
FVs and the classification process suffers from the
increased complexity. The detection of mild CD lesions
in Cb and Cr channels is an exception, where NR
yields better results, engaging, however, smaller FVs
that have half the size of the most efficient FV at the
R-case. The abundance of information caused by the
individual sub-images leads to better discrimination
of slightly eroded tissue. By considering the results of
the combined channel case we observe that the use
of information simultaneously captured from all planes
leads to slightly diminished performance, compared to
the behavior of the individual Cr channel, although it
surpasses the performance of the other two individual
channels. This might be explained by the inclusion of
misleading data from Y channel and the tripling is size
of the FVs.
Compared to other approaches, HAF-DLac scheme
demonstrates superior performance, exhibiting 4.9,
4.3, 5.5 and 5.2 pp higher accuracy, sensitivity,
specificity and precision, respectively, than the second
[17]
most efficient method , when considering the total
case. Even more, significant is the progress (7.8,
9.4, 6.2 and 7.6 pp in terms of accuracy, sensitivity,
specificity and precision, respectively, compared
[8]
to ) in successfully detecting mild erosions, an
examination that none of the other approaches has
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conducted. The detection rates (accuracy, sensitivity,
specificity and precision) of severe, clearly defined
lesions reach the considerable values of 93.8%,
95.2%, 92.4% and 92.6%, respectively, surpassing
[6,8,17]
the other efforts
by at least 2.6, 2.4, 2.8 and 2.7
pp, respectively. Moreover, the advanced behavior of
the proposed scheme is evidenced by the classification
results obtained by CaEn and KID database. The
performance of HAF-DLac is rather solid in recognizing
efficiently both kinds of tissue [20/22-5/6 (CaEn)
and 12/14-51/60 (KID) lesion-normal images]. On
the contrary, the other approaches exhibited inferior
discrimination capability as they failed to identify,
mainly, the lesion cases, and, specifically, from the KID
database. The above results highlight that the HAF
process combined with DLac-based features surpass
two of the most promising methodologies in the
literature that use LBP and MPEG-7 features.
Regarding the performance of the various feature
extraction techniques, it becomes apparent (Figure
9) that the proposed FV is by far the most efficient,
validating our hypothesis about the superiority of DLac
analysis in extracting texture features compared to
widely used statistical approaches.
Furthermore, it should be noted that the proposed
scheme is quite efficient in terms of computational
cost; that is < 0.5 s for a ROI of 140 × 140 pixels
(average size) on a 4-core, 2.67 GHz desktop computer
given the unoptimized Matlab implementation. It
should be stressed that the time-consuming training
phase is not included in the computational cost since
it is performed only once during the development
of the application. Focusing on even more efficient
realizations, other programming languages (such as
C++), and multithreading programming should be
considered.

CONCLUSION
A new method, namely HAF-DLac, for CD inflam
matory tissue detection using WCE images in YCbCr
color space was presented. The proposed scheme
combined HAF with DLac analysis to initially process
the WCE data for enhancing the underlying lesion
information, by incorporating Curvelet transform and
GA-based techniques and, then, applying feature
extraction analysis that resulted in five different DLacbased feature vectors with increased classification
potential. The dataset (800 images with normal, mild
and severe CD lesion cases) was subjected to HAFDLac analysis for individual-channel and combined
channel cases. Extensive classification tests were
implemented concerning all severity scenarios showing
the effectiveness of the proposed method. The com
parison of the introduced HAF-DLac scheme with
other relevant WCE-based lesion recognition methods
evidenced its efficiency, consistency and robustness to
more competent detection of CD lesions. The promising
performance sets the ball rolling for an integrated
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computer-aided diagnosis system on the service of
gastroenterologists.
14
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REVIEW

Endoscopic ultrasound-guided techniques for diagnosing
pancreatic mass lesions: Can we do better?
Andrew C Storm, Linda S Lee
lesion relies first upon various non-invasive imaging
modalities, including computed tomography, ultrasound,
and magnetic resonance imaging techniques. Once a
suspect lesion has been identified, tissue acquisition
for characterization of the lesion is often paramount
in developing an individualized therapeutic approach.
Given the high prevalence and mortality associated
with pancreatic cancer, an ideal approach to diagnosing
pancreatic mass lesions would be safe, highly sensitive,
and reproducible across various practice settings. Tools,
in addition to radiologic imaging, currently employed
in the initial evaluation of a patient with a pancreatic
mass lesion include serum tumor markers, endoscopic
retrograde cholangiopancreatography, and endoscopic
ultrasound-guided fine needle aspiration (EUS-FNA).
EUS-FNA has grown to become the gold standard in
tissue diagnosis of pancreatic lesions.
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Core tip: Evidence-based techniques to increase the
diagnostic yield during endoscopic ultrasound-guided
fine needle aspiration (FNA) of pancreatic masses
include: (1) use of general anesthesia; (2) use smaller
(22 or 25G) needles for transduodenal FNA; (3) use If
histology is desired, use 19G or core biopsy needles; (4)
use suction; (5) use the “fanning technique”; and (6)
use on-site cytopathologist or perform 7 needle passes.
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Abstract
The diagnostic approach to a possible pancreatic mass
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INTRODUCTION

Table 1 Sensitivity and specificity of various diagnostic
approaches to a pancreatic mass lesion

Peripheral blood tumor markers, among the least
invasive diagnostic tests, are not yet useful in the initial
evaluation of a patient with a pancreatic mass. Cancer
antigen (CA) 19-9, the leading tumor marker used to
monitor pancreatic adenocarcinoma, has sensitivity
and specificity as low as 70% and 68% respectively in
diagnosing pancreatic adenocarcinoma, which has led
to recommendations that it not be used routinely for
[1,2]
diagnosis of this condition . The CA 19-9 marker is,
[3]
however, useful for post-surgical cancer surveillance .
Because of this, a CA 19-9 level may be checked prior
to any surgical intervention with curative intent and
serum concentrations of the marker followed thereafter
to detect disease recurrence.
Prior to the introduction of the EUS-FNA technique
in the early 1990’s, pancreatic masses were diagnosed
using ERCP and percutaneous biopsy techniques (Figure
1). ERCP is limited by a sensitivity of 49%-66% with
pancreatic duct brushing, and a reported complication
[4,5]
rate of pancreatitis up to 6% . Use of CT or ultrasound
guided biopsy carries a sensitivity of 62%-90% and
specificity up to 100% with a randomized study
demonstrating higher sensitivity (84%) for EUS-FNA
[6-10]
compared to CT or ultrasound-guided biopsy (62%)
.
In addition, the risk of tumor seeding into the
peritoneum or along the percutaneous needle tract has
led to avoidance of the percutaneous approach to tissue
diagnosis, and studies have suggested a significantly
lower risk of peritoneal carcinomatosis using EUS[11]
FNA .

Sensitivity

Specificity

CA 19-9
CT
Transabdominal ultrasound
Percutaneous FNA
ERCP
EUS-FNA
EUS-FNB

70%-92%
77%-97%
89%
62%-90%
49%-66%
75%-98%
85%-95%

68%-92%
56%-89%
99%
98%-100%
96%
71%-100%
86%-100%

EUS-FNA: Endoscopic ultrasound-guided fine needle aspiration; EUSFNB: Endoscopic ultrasound-guided fine needle biopsy; ERCP: Endoscopic
retrograde cholangiopancreatography.

Table 2 Techniques to increase diagnostic yield and decrease
complications during endoscopic ultrasound-guided fine
needle aspiration of a pancreatic mass
Pre-procedural General anesthesia may increase yield
considerations Goal platelet count greater than 50000 and INR less
than 1.5 to reduce risk of bleeding
Hold antiplatelet and antithrombotic agents except
aspirin or NSAIDS
Procedural
Take caution when duodenal diverticulum is present to
Considerations reduce risk of perforation
Use Doppler to identify vasculature prior to needle
advancement to avoid bleeding
Use smaller (22 or 25) gauge needles for transduodenal
FNA of the pancreatic head and uncinate
If core histology samples needed, use 19G (in body or
tail) or core biopsy needles
Use suction
Use the “fanning technique” during FNA
Traverse the least amount of normal pancreatic tissue
to reduce pancreatitis
Specimen
Use on-site cytopathology or perform 7 needle passes
Processing

STANDARD OF CARE: EUS-FNA
EUS-FNA is a safe, effective and efficient diagnostic
tool in the evaluation of pancreatic mass lesions
(Figure 2). Cytopathological specimens, and more
recently core biopsies, may be obtained with high
sensitivity (75%-98%), specificity (71%-100%),
positive predictive value (96%-100%), negative
predictive value (33%-85%) and accuracy (79%-98%)
in the diagnosis of pancreatic cancer as compared to
[12-16]
other modalities (Table 1)
. The one caveat to the
high diagnostic yield of EUS-FNA is in the presence
of chronic pancreatitis where sensitivity decreases
to 74% compared to 91% with normal surrounding
[17]
pancreatic parenchyma . Studies have shown that
repeating EUS-FNA does improve diagnostic yield by
enabling definitive diagnosis in about 63%-84% of
[18-20]
patients
. Thus, EUS-FNA is the standard of care
approach with repeat procedure recommended when
the initial procedure is nondiagnostic.

EUS-FNA: Endoscopic ultrasound-guided fine needle aspiration.

basic principal, the target lesion is visualized by EUS,
the most ideal lesion puncture approach is located,
a chosen needle is advanced to puncture the lesion,
the stylet is removed (if used), suction is applied (or
not), the needle is advanced and withdrawn through
the lesion to obtain cellular material, and finally the
needle is removed and the tissue is collected for
cytopathological examination.
Within this basic technique, more complex issues
of scope positioning, selection of the puncture site,
selection of the FNA needle, use of a stylet and suction,
the technique of needle puncture, the number of
needle punctures and use of an on-site cytopathologist
have been studied (Table 2).

Scope positioning and puncture site

The first task in performing high quality EUS-FNA
involves locating the target tissue and determining
the ideal needle approach. Perhaps for this reason,
use of general anesthesia has shown to be associated
with increased diagnostic yield (83% with vs 73%

EUS-FNA TECHNIQUE
Numerous studies have aimed at determining the
ideal EUS-FNA equipment and techniques to obtain
a diagnosis when evaluating a pancreatic mass. In
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[24]

needles . Additionally, a meta-analysis comparing
22G and 25G needles for FNA of pancreatic masses
found that sensitivity was significantly higher (93% vs
[25]
85%, P = 0.0003) with a 25G needle . Numerous
other studies have suggested that the diagnostic yield
is not statistically different between 22G and 25G FNA
[24,26-29]
needles
. One theme that rings true throughout
the literature is that smaller gauge needles (22G and
25G) should be chosen when performing transduodenal
FNA of the head and uncinate process of the pancreas
given the significant bend and tension on the distal
scope limiting movement of the needle. Larger need
les, particularly 19G, carry higher technical failure
rates in this situation, though without increase in rate
[23,30]
of complications
. A prospective study evaluated
the use of an algorithmic approach to choosing needle
size in EUS-FNA, which recommended using 25G
needles for transduodenal approach, 22G or 25G for
transgastric approach and 19G or core needles when
[31]
more tissue is required . Following this algorithmic
approach led to improved technical outcomes and
cost savings without negatively impacting diagnostic
accuracy. In general, for a transduodenal approach,
a 22G or 25G FNA needle should be used while for a
transgastric route, a 19G FNA needle may also be used
especially if more tissue is desired. Core biopsies will
be discussed further below, however, if the oncologists
desire more tissue for molecular marker testing, the
corresponding gauge core biopsy needle can be used.
Different commercially available FNA needles have
different echogenicity and appearance under EUS
guidance. Readily visualizing the needle tip is critical
to performing FNA. To improve visibility, needle tips
are tailored by different techniques including laser
etching, mechanical dimpling, or sandblasting. One
large multicenter study involved multiple experienced
endosonographers internationally who evaluated
and ranked 10 different EUS needles in a bench top
model based on their echogenicity and sharpness of
distinction from the surrounding phantom. A prototype
needle with polymeric coating had significantly higher
overall ranking, which suggested that this coating to
[32]
the needle tip and shaft may improve visualization .

Figure 1 Endoscopic ultrasound-guided fine needle aspiration of a mass
in the pancreatic head. Arrows show the needle course to the tip of the needle
within the hypoechoic mass (bottommost arrow).
[21]

without) during EUS-FNA of pancreatic mass lesions .
However this was a single center retrospective study
and further study is required to confirm these results.
Limitations in approaching a pancreatic mass
include difficult location, small size, necrosis and
vascularity. Ideally the mass should be located in the
six o’ clock position with the ultrasound transducer
firmly applied to the luminal wall with suction. When
possible, a transgastric approach is usually simplest
as this avoids angulation of the scope permitting the
needle to more easily pass through the biopsy channel.
It may be difficult to advance the needle through
the thicker gastric wall, which may be countered by
suctioning the gastric wall, increasing the angle at
which the needle passes through the gastric wall, and
briskly advancing the needle. Acute angulation of the
scope is often required when performing transduodenal
FNA. Thus in these cases advancing the needle out
of the biopsy channel may be more challenging,
which makes smaller gauge needles (22 or 25 gauge)
[22]
preferred with a transduodenal approach . The
needle should not be forced out of the echoendoscope,
which may need to be withdrawn to reduce any loops
in the instrument to advance the needle forward. A site
with minimal intervening vasculature should be chosen
through use of Doppler imaging to avoid bleeding
complications, discussed later in this review.

Use of stylet and suction

Selection of FNA needle

A stylet is pre-loaded within all EUS-FNA needles
with the intent of preventing sample contamination
from the needle passing through other tissue prior
to penetrating the target lesion. However, studies
suggest that there is no difference in diagnostic
[33-35]
success with or without use of the stylet
. Some
EUS centers perform no-stylet FNA procedures, which
means that the stylet is completely removed and not
replaced during FNA. The stylet may be useful to the
nurse assistant for advancing a tissue sample out of
the needle after removal from the echoendoscope
especially if air flushing fails. A randomized study
found no difference in diagnostic samples or accuracy

There are a wide variety of EUS-FNA needles on the
market, with the main differentiating factor being
gauge (G) (Figure 3). These range from highly
flexible and smaller 25G needles, to commonly used
22G and even larger 19G needles. Contrary to the
mantra “bigger is better” studies have repeatedly
shown that larger gauge needles may not provide
more adequate diagnostic samples of target tissue
[23-25]
within the pancreas
. In fact in one study, biopsy
of lesions located within the pancreatic head and
uncinate process showed a trend towards better
diagnostic success with 25G needles over 22G

WJG|www.wjgnet.com

8660

October 21, 2016|Volume 22|Issue 39|

Storm AC et al . EUS techniques for diagnosing pancreatic mass lesions

Pancreatic mass identified with contrastenhanced CT, MRI or ultrasound

Metastases
suspected,
unresectable

No obvious
metastases

High suspicion
for malignancy

Good surgical
candidate

Poor surgical
candidate

Resectable

Borderline or
non-resectable

EUS
+ FNA or FNB

Surgical
resection

EUS + FNA
or FNB

Non-surgical
therapy

Low suspicion
for malignancy

EUS
+ FNA or FNB

EUS
+ FNA or FNB

Palliative/ nonsurgical
therapy

Neoadjuvant
or non-surgical
therapy

Figure 2 Algorithmic approach to a pancreatic mass.

A

B

C

D

E

between air flushing or using the stylet to express the
[36]
aspirate from the needle . Other centers replace the
stylet in between passes, withdraw it a little to sharpen
the needle before puncture, and after entering the
lesion, push the stylet in completely to expel any tissue
collected at the tip of the needle.
Use of suction is also variable, though multiple
studies agree that suction will increase the amount of
target cellular material at the expense of a bloodier
[37,38]
specimen
. If the cytology samples prove bloody,
subsequent FNA passes should be performed with
minimal or no suction. Also, the syringe vacuum
suction must be turned off before withdrawing the
needle from the lesion. One randomized study
found that during EUS-FNA of solid lesions including
pancreatic masses, sensitivity was significantly

F

Figure 3 Representative endoscopic ultrasound biopsy and fine needle
aspiration needles. A: 19G core biopsy needle; B: 22G core biopsy needle; C: 25G
core biopsy needle; D: 19G FNA needle; E: 22G FNA needle; F: 25G FNA needle.
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to standard technique (58% diagnostic yield) .
Therefore, after puncturing the lesion, the needle
should be advanced back and forth through as much
of the lesion as possible about 12-15 times using the
fanning technique, if possible. Other methods include
the “door knocking method” where after puncturing
the mass, the needle stopper is locked at a distance
just short of the length from the tip of the needle
to the most distal extent of the lesion, the needle
quickly advanced through the mass until it hits the
stopper, and slowly withdrawn to the opposite side
of the mass. This sequence of rapid insertion and
slow pullback is repeated until that needle pass is
completed. A multicenter prospective assessment of
the role of this technique in diagnostic yield found no
difference in reaching a histologic diagnosis between
the door knocking and conventional needle puncture
[45]
methods .

Figure 4 Schematization of the “fanning” technique for endoscopic
ultrasound-guided fine needle aspiration. Dashed lines represent the
change in course of the aspiration needle during each needle pass.

improved from 67% without suction to 86% with the
[37]
use of 10 mL of suction . Another prospective study
of only pancreatic masses confirmed higher diagnostic
[36]
samples with the use of suction during EUS-FNA .
Higher negative pressure suction (50 mL negative
pressure) showed a trend toward increased diagnostic
yield as compared to lower negative pressure (10 mL
[39]
negative pressure) that did not reach significance . A
“wet suction” technique, where the stylet is removed,
the FNA needle is preloaded with saline and then 10
mL of syringe vacuum applied during FNA has been
proposed. In a prospective randomized trial of solid
lesions with the majority being pancreatic masses, this
wet suction technique significantly improved specimen
adequacy compared with standard 10 mL syringe
[40]
vacuum suction (86% vs 75%, P < 0.035) . The “slow
pull” technique, whereby the stylet is slowly withdrawn
as the needle passes through the lesion to provide
gentle capillary suction, has not proven superior when
compared to standard syringe vacuum suction during
[41-43]
FNA
. Suction does seem to improve diagnostic
yield although whether different methods of suction
application (simple syringe, “wet suction,” “slow pull”)
makes a difference remains unclear.

Role of on-site cytopathology

The diagnostic accuracy of EUS-FNA is reported to be
over 90% in most studies when rapid on-site evaluation
[46-48]
(ROSE) for cytopathology samples is employed
.
With ROSE, the endosonographer typically makes
one to two passes and then allows the pathologist to
evaluate the sample smears for diagnostic yield. Further
passes may be made as needed in order to achieve
diagnostic success. If bloody aspirates are consistently
seen by an onsite cytologist, switch to a smaller gauge
needle without using suction. Older retrospective
studies suggested decrease in nondiagnostic samples
as well as need for repeat EUS with ROSE. Limitations
of ROSE include increased cost due to cytopathologist
time commitment, as well as limited access to
[49]
cytopathologists and low reimbursements for ROSE .
In the absence of ROSE, several studies have
concluded that 5-7 needle passes are ideal in order
[50-54]
to achieve high diagnostic success
. In one
large study, 5-6 passes achieved ROSE-level yields
[50]
of 90% . Another study using only 22G needles
found that the sensitivity increased from 17% after
the first pass to nearly 90% after the seventh pass,
thus suggesting that 7 passes with a 22G needle
[51]
may be required . Yet another study using 25G
needles suggested that four needle passes are
[52]
sufficient . Recently 2 randomized studies evaluated
the diagnostic yield of performing 7 passes using a
22G or 25G FNA needle without ROSE to cytologistguided FNA in pancreatic masses. Both studies found
no significant difference in diagnostic yield. Therefore,
if onsite cytology review is not available, 7 FNA passes
[53,54]
into the pancreatic mass should be performed
.

Technique of needle puncture

The methods used during FNA are also hotly debated.
Given that inner portions of a pancreatic tumor
may be necrotic, targeting the peripheral areas of
the mass may improve diagnostic yield. However,
dense desmoplastic reaction at the periphery may
also pose challenges to obtaining adequate tissue for
diagnosis. Therefore, endosonographers advocate for
the “fanning” technique, which involves adjusting the
trajectory of the needle typically using the elevator
and/or dials on the head of the echoendoscope (Figure
4), Thus, instead of advancing the needle back and
forth through the same portion of the mass, it samples
different areas. A randomized trial comparing fanning
with standard tissue acquisition during EUS-FNA
reported superiority of the fanning technique after
a single pass (86% diagnostic yield) as compared

WJG|www.wjgnet.com

FINE NEEDLE BIOPSY
In theory a fine needle biopsy (FNB), or core needle
biopsy, contains a superior tissue sample with
preserved cellular architecture as compared to that
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from FNA. It has been hypothesized that this will yield
increased diagnostic accuracy with tissue processing
and testing more easily accomplished through routine
histology specimen processing. Three randomized
studies of 22G FNA and 22G core biopsy needle
(EchoTip ProCore, Cook Medical, Bloomington, IN)
[55-57]
produced 3 different conclusions
. One study
reported comparable diagnostic yield (89%-100%),
number of passes needed for diagnosis, and
complications while another suggested significantly
worse diagnostic capability (94% FNA vs 28% core
needle) and ease of use with the core biopsy needle.
The most recent study found significantly higher
diagnostic yield with the core biopsy needle (90%)
[57]
compared to the FNA needle (67%) . A metaanalysis
of ProCore compared with FNA needles found no
difference in diagnostic yield although the ProCore
[58]
needle obtained diagnosis with fewer passes .
Another prospective randomized comparison of 22G
fenestrated core biopsy needle to standard 22G FNA
needle in solid pancreatic lesions showed similar
accuracy between the two needle types, though the
fenestrated needle required, on average, one less pass
[59]
(two instead of three) to achieve a diagnosis .
A retrospective study of a newer FNB needle
(SharkCore, Medtronic, Minneapolis, MN) compared
with FNA needles reported higher yield of tissue
sufficient for histology with the core needle (95%
SharkCore vs 59% FNA needle) with fewer median
passes to achieve this (2 passes FNA vs 4 passes for
[60]
SharkCore) . Comparison of 2 different 19G core
biopsy needles (ProCore and Quick-Core, both Cook
Medical, Bloomington, IN) in a randomized study
found the ProCore had significantly higher diagnostic
[61,62]
histology (85% vs 57%)
. Another study compared
22G and 25G core biopsy needles and found no
statistical difference between diagnostic accuracy of
[63]
one needle size over another . Given the increased
use of molecular studies on tissue samples required for
gene-specific oncologic therapy, obtaining histologic
sized specimens, rather than cytopathology, will be
of importance in the future. FNB may also play a
critical role in rescue procedures when EUS-FNA is
nondiagnostic. It may also change our practice if
proven more efficacious than FNA needles whereby
only FNB needles may be necessary without ROSE to
obtain adequate specimens. Ongoing study of EUSFNB regarding the clinical effectiveness as compared
to FNA and cost analyses are required.

pain, and bleeding in a retrospective single center
[66]
study . Several complications of EUS-FNA and bestpractice tips to avoid them are discussed.

Pancreatitis

The most common serious complication of EUS-FNA
of pancreatic mass lesions is pancreatitis, which can
[66-68]
occur in anywhere from 0.29% to 2% of cases
.
Needle gauge has no impact on the development
of pancreatitis, which is thought to occur when the
needle traverses normal pancreatic parenchyma and
ducts to reach the target lesion. When discussing
this risk with patients, it may be helpful to note that
the risk of pancreatitis reported during percutaneous
[69]
FNA is slightly higher at 3% . To avoid pancreatitis
after EUS-FNA, it is recommended to select a needle
path that will traverse the least amount of normal
pancreas as possible. Whether administration of
rectal indomethacin in potentially higher risk EUSFNA procedures reduces the risk of post-EUS-FNA
[70]
pancreatitis requires further study .

Hemorrhage

Bleeding during and after EUS-FNA procedures has
[62-71]
been reported to occur from 1.0%-4.4% of cases
.
Bleeding may be intraluminal or extraluminal
and in most cases is self-limited. Steps to avoid
procedure-related hemorrhage include avoidance of
antithrombotic medications when possible, though
generally aspirin and NSAIDs may be continued.
A minimum platelet count of 50000 and INR less
than 1.5 is also recommended as with many endos
[72]
copic procedures . Additionally, use of Doppler
ultrasonography to avoid intervening bleed vessels
during needle puncture is advised. If blood is seen
filling the suction syringe during EUS-FNA, FNA should
be stopped.

Perforation

Perforation of the esophagus is reported to occur in
[73,74]
0.009% to 0.15% of procedures
. This is likely
related to the larger diameter (generally 12-14 mm) of
the echoendoscope, oblique position of the endoscopic
camera limiting visualization of esophageal intubation,
and blunt tip of some echoendoscopes. Duodenal
perforation is more common, occurring in 0.02% to
0.86% in different series, and is often attributed to
[65,75]
the presence of duodenal diverticula
. Avoidance
of perforation is achieved through scope lubrication,
careful intubation, avoidance of undue pressure and
awareness of any risky anatomic features including a
diverticulum.

POTENTIAL ADVERSE EVENTS
Compared to other interventional procedures like
ERCP, EUS-FNA procedures are very safe with re
ported overall complication rates ranging from 0.3%
[64,65]
to 2.2%
. Smaller (≤ 20 mm) and pancreatic
neuroendocrine lesions were associated with increased
risk of complications including pancreatitis, abdominal

WJG|www.wjgnet.com

Infection

Infection is rare, though several studies have
shown that there may be a small risk of bacteremia
comparable to the risk associated with routine
[76-78]
endoscopic procedures at about 2%
. Clinically
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significant infection is exceedingly rare, therefore,
[79]
routine prophylactic antibiotics are not advised .
If the solid lesion has a significant cystic component,
prophylactic antibiotics should be administered as
recommended by the American Society for Gastro
[80]
intestinal Endoscopy .

invasion of the portal vein (60%-100% sensitive)
while inferior for judging involvement of the SMV,
[86-89]
SMA, and celiac artery (17%-83% sensitive)
.
There is no consensus regarding the EUS criteria
used to assess vascular invasion. Complete vascular
obstruction, venous collaterals and visible tumor in
the vessel have the highest specificity for vascular
invasion and therefore, are the best criteria to
[90]
use . Regarding resectability, a systematic review
inclusive of 678 patients demonstrated that EUS was
63%-93% accurate in identifying surgically curable
cases, which was generally similar to or better than CT
[85]
scan (60%-83% sensitive) . Routine cross-sectional
imaging is still recommended in order to evaluate for
other intraperitoneal and hepatic metastases that may
not be well evaluated with EUS.

Tumor seeding

Tumor seeding is perhaps the most feared com
plication, however there are only limited single case
reports of EUS-FNA associated tumor seeding and
[81]
thus the risk is thought to be extremely low . To
avoid this complication, it is important to ensure the
echoendoscope is as close to the suspected malignancy
as possible to limit the amount of tissue traversed. It
is also important to perform EUS-FNA only when the
results of the procedure will impact management of
the patient, and to send patients straight to exploratory
or curative surgery when appropriate. A retrospective
study evaluating the impact of preoperative EUS-FNA
found no difference in postoperative complications and
overall or recurrence-free survival between patients
who had and had not undergone preoperative EUS[82]
FNA .

ANCILLARY EUS TECHNIQUES
In an effort to further push the diagnostic accuracy of
EUS to 100%, several complementary technologies
have been developed including elastography, contrastharmonic EUS and fluorescence in situ hybridization
(FISH). Elastography during EUS may be used to
calculate tissue stiffness, which may be of utility given
that the properties of normal pancreatic vs cancerous
tissue differ. Most cancerous lesions will be “harder”
showing less elasticity, while benign lesions are
generally “soft.” Meta-analyses of elastography have
reported sensitivity in detecting pancreatic cancer of
95%, though use of the technology for this indication
is not yet mainstream and only available on certain
[91-93]
ultrasound processors
.
Contrast harmonic ultrasonography involves use
of intravenous microbubble contrast to enhance
visualization of the microvasculature during EUS,
theoretically improving the ability to detect malig
nancies. Lesions may be differentiated based on
their enhancement with this microbubble contrast,
whereby most carcinomas show hypoenhancement
and normal tissue is non-enhancing. A systematic
review of 82 reports using contrast harmonic EUS for
solid pancreatic lesions found that the heterogeneous
hypoenhancement pattern was 89%-96% sensitive
and 69%-94% specific compared to a hyperenhancing
[94]
pattern in diagnosing pancreatic adenocarcinoma .
The accuracy of this technique was comparable to
EUS-FNA, and whether the concomitant use of contrast
harmonic EUS with EUS-FNA significantly improves
overall diagnostic sensitivity compared to using each
technique alone requires further study. In addition,
interobserver agreement ranges from fair to good,
which may improve with the advent of quantitative
[94]
contrast harmonic EUS .
Several tissue-based techniques may improve
diagnosis of pancreatic masses. FISH uses prespecified fluorescently labeled DNA probes and
has been shown to improve the diagnostic yield of

STAGING OF PANCREATIC MASSES
Staging pancreatic cancer is of paramount importance
in determining the resectability of any given cancer.
Only approximately 10%-15% of patients with a
pancreatic cancer will be candidates for surgical
resection; therefore, an evaluation for distant
metastases, vascular invasion, and lymphatic spread
are considered. While pancreatic protocol CT scan of
the abdomen is generally recommended as first line
for this purpose, other modalities have been evaluated
and play a role in staging. In addition to providing
diagnostic information about the pancreatic mass,
EUS is also important in detecting metastatic disease
not seen on ultrasound or CT imaging. An older study
found that 12% of patients with pancreatic masses
had metastatic disease involving lymph nodes, liver,
ascites, and the retroperitoneum identified by EUS-FNA
that were not visualized by abdominal ultrasound or
[83]
CT . Whether this would still hold true with improved
abdominal imaging technology today is unclear.
With advancements in cross-sectional imaging, CT
and MRI are now comparable to EUS for T-staging with
[84]
accuracy ranging from 62% to 94% . A systematic
review of the literature suggested that nodal staging
also has similar accuracy between EUS (62%) and
[85]
CT scan (63%) . Presence of malignant celiac
lymph nodes may preclude resection, therefore, this
area should be examined carefully by EUS. EUS also
seems comparable to CT scan for detecting vascular
invasion. For determination of vascular invasion,
sensitivity of EUS varies depending on the vessels
involved. EUS is superior to CT for assessing vascular
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Figure 5 Confocal laser endomicroscopy miniprobe through a 19G FNA
needle. Photo provided with permissions by Mauna Kea, Paris, France.

Figure 6 Miniature biopsy forceps. A: In open position, passing through a
19G FNA needle; B: EUS view of open biopsy forceps through the FNA needle.
Photo provided with permissions by US Endoscopy, Mentor, OH.

indeterminate cytology from EUS-FNA samples of
[95,96]
pancreatic masses, but is not readily available
. For
inconclusive EUS-FNA specimens from pancreatic solid
masses, a metaanalysis of 931 patients found that
the addition of K-ras mutation analysis significantly
increased sensitivity from 81% to 89% and reduced
[97]
the false-negative rate by 56% . This was associated
with a concomitant reduction in specificity from 97%
to 92% and an 11% increase in false-positive rate.
RNA sequencing of EUS-FNA samples has also been
recently reported in a proof-of-principle study with
87% sensitivity and 75% specificity in diagnosing
[98]
pancreatic adenocarcinoma . A 5 microRNA
panel was found to augment cytologic diagnosis of
pancreatic ductal adenocarcinoma from 79% to 91%
and out of 39 cytologically benign, indeterminate, or
nondiagnostic samples, 22 were correctly diagnosed as
[99]
malignant by the microRNA classifier . This requires
further study and is not yet available clinically.

further evaluation to determine its place in diagnosis of
[100]
solid pancreatic masses .

Through-the-needle biopsy forceps

A new miniaturized 0.75 mm biopsy forceps is
available that can be advanced through a 19G EUSFNA needle to obtain histology (Figure 6). The stylet
is removed from the FNA needle and the biopsy
forceps preloaded into the needle with the end
positioned about 2-3 mm proximal to the needle tip.
After puncturing the lesion with the FNA needle, the
biopsy forceps is advanced out of the needle and 2-3
bites obtained before removing it. FNA can then be
performed in the usual manner. The forceps can also
be advanced through the needle after puncturing
the mass. If difficulty is encountered in pushing out
the forceps, it should be opened and closed by the
assistant while the endoscopist continues advancing
it forward. Using the mini-forceps through an
FNA needle has been proven feasible and safe for
[101]
pancreatic tissue acquisition
. While only a pilot
study has been completed, this initial report suggested
high diagnostic sensitivity with no device failures or
complications. This may offer an attractive alternative
for the future.

OTHER TOOLS ON THE HORIZON
Probe based confocal laser endomicroscopy

As probe based confocal endomicroscopy has been
further miniaturized, needle confocal endomicroscopy,
or nCLE (AQ-Flex 19 miniprobe, Mauna Kea, Paris,
France), has become available for clinical use (Figure
5). The nCLE miniprobe has 0.85 mm diameter and
may be inserted through a 19G EUS-FNA needle to
provide real-time cellular level imaging. The probe can
be preloaded into the FNA needle before performing
EUS-FNA or loaded after the mass has been punctured
with the FNA needle and stylet removed. After
administering 2.5-5 mL of 10% fluorescein sodium
intravenously, the probe is advanced about 3-5 mm
beyond the tip of the needle to image the mass. A pilot
study of nCLE for diagnosis of pancreatic mass lesions
has reported findings of dark clumps measuring
greater than 40 µm associated with malignancy, no
complications, and good interobserver agreement
amongst three endosonographers blinded to all
clinincal data. However, this technology will require
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CONCLUSION
EUS-FNA has overtaken all other technologies in the
diagnosis of unknown pancreatic mass lesions. While
it is clearly the single best test for elucidation of a
pancreatic mass, cross-sectional imaging plays an
important role in the initial evaluation and staging
of pancreatic cancer. EUS-FNA is minimally invasive,
safe, and highly effective in tissue acquisition. Diag
nostic accuracy is enhanced with attention to the
ideal technique through the choice of needle, biopsy
technique and number of passes. When EUS-FNA does
fail to provide a diagnosis, there are several adjunctive
technologies currently under study which may assist
in obtaining necessary diagnostic information including
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novel core biopsy needles, elastography, contrast
harmonic EUS, through the needle confocal imaging
probes and biopsy forceps, and tissue-based technology
including FISH, DNA and RNA analysis.
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REVIEW

Update on the endoscopic treatments for achalasia
Dushant S Uppal, Andrew Y Wang
relaxation of the lower esophageal sphincter. Highresolution manometry allows for definitive diagnosis
and classification of achalasia, with type Ⅱ being the
most responsive to therapy. Since no cure for achalasia
exists, early diagnosis and treatment of the disease
is critical to prevent end-stage disease. The central
tenant of diagnosis is to first rule out mechanical
obstruction due to stricture or malignancy, which is
often accomplished by endoscopic and fluoroscopic
examination. Therapeutic options include pneumatic
dilation (PD), surgical myotomy, and endoscopic
injection of botulinum toxin injection. Heller myotomy
and PD are more efficacious than pharmacologic
therapies and should be considered first-line treatment
options. Per oral endoscopic myotomy (POEM) is a
minimally-invasive endoscopic therapy that might be
as effective as surgical myotomy when performed
by a trained and experienced endoscopist, although
long-term data are lacking. Overall, therapy should
be individualized to each patient’s clinical situation
and based upon his or her risk tolerance, operative
candidacy, and life expectancy. In instances of
therapeutic failure or symptom recurrence re-treatment
is possible and can include PD or POEM of the wall
opposite the site of prior myotomy. Patients undergoing
therapy for achalasia require counseling, as the goal
of therapy is to improve swallowing and prevent late
manifestations of the disease rather than to restore
normal swallowing, which is unfortunately impossible.
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Core tip: Achalasia can be classified into three subtypes
based on high-resolution manometry, with type 2
being the most responsive to therapy. Since no cure
for achalasia exists, early diagnosis and treatment
of the disease are critical. Pre-treatment counseling
is paramount, as the goal of therapy is to improve
swallowing and prevent late manifestations of the

Abstract
Achalasia is the most common primary motility disorder
of the esophagus and presents as dysphagia to solids
and liquids. It is characterized by impaired deglutitive
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the area encompassing the gastroesophageal junction
(GEJ). Approximately 2% to 4% of patients suspected
of having achalasia suffer from pseudoachalasia,
although these patients tend to be older and have a
shorter history of symptoms with more prominent
[11]
weight loss . When pseudoachalasia is suspected,
expeditious evaluation for an infiltrative malignancy
should be undertaken via endoscopy and endoscopic
ultrasonography or cross-sectional imaging. Certain
paraneoplastic syndromes can give rise to pseudo
achalasia, and in cases of suspected small-cell lung
carcinomas checking for type-1 antineuronal nuclear
autoantibody (ANNA-1, also known as “anti-Hu”
[12]
antibody) can sometimes be diagnostic . Lastly,
Chagas disease, which is caused by infection with
Trypanosoma cruzi, can also result in achalasia, in
addition to diffuse myenteric destruction, that can
manifest as megacolon, heart disease, and neurologic
[3]
disorders .
While eosinophilic esophagitis (EoE) can present as
dysphagia in the absence of mechanical obstruction,
achalasia should be easily distinguishable from EoE by
endoscopic and manometric findings. Furthermore,
if esophageal biopsies are required to exclude EoE as
a possible diagnosis, care should be taken to avoid
deep or extensive biopsies along the anterior (1 to 2
o’clock) or posterior walls (5 to 7 o’clock) of the midto-distal esophagus so as to prevent the formation of
submucosal fibrosis, which can make future surgical or
endoscopic myotomy more difficult.

disease, rather than to restore normal swallowing and
function. Pneumatic dilation and surgical or endoscopic
myotomy are efficacious and reasonable first-line
treatment options in appropriate candidates. In
instances of therapeutic failure or symptom recurrence,
different treatment modalities might need to be
applied.
Uppal DS, Wang AY. Update on the endoscopic treatments
for achalasia. World J Gastroenterol 2016; 22(39): 8670-8683
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i39/8670.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i39.8670

INTRODUCTION
Achalasia, a disease first described by Sir Thomas Willis
[1]
in 1674 and formally named by Dr. Hertz in 1915 ,
is the most common primary motility disorder of the
esophagus. It is characterized by impaired deglutitive
relaxation of the lower esophageal sphincter (LES) due
[2]
to loss of the myenteric plexus . While the inciting
mechanism is not fully understood, autoimmune, viral
immune, or neurodegenerative etiologies have been
[3]
implicated . It has been speculated that achalasia
arises from a cascade of neuronal degeneration
that is predicated on a viral infection triggering an
autoimmune process in a genetically susceptible
[4]
host . An imbalance between excitatory and inhibitory
neurotransmitters then leads to unopposed cholinergic
stimulation thereby impairing LES relaxation. The
disease has an estimated annual incidence of 1.6 in
100000 and a prevalence of 10.8 in 100000, with a
[4]
peak age range between 30 and 60 years . There is no
[4]
racial or gender disparity in those with the condition .
Achalasia should be suspected in patients expe
riencing dysphagia to solids and liquids, and it is often
accompanied by regurgitation of undigested food
and saliva. The predominant symptom of progressive
dysphagia to liquids and solids occurs in approximately
90% of patients with achalasia, and 76% to 91%
of patients experience the next most common sym
[5-7]
ptom of regurgitation . Other symptoms including
nocturnal aspiration or cough, heartburn, odynophagia,
[7]
and epigastric pain occur to a variable extent . Chest
pain, seen in 25% to 64% of patients, is predominantly
present in type Ⅲ achalasia and generally responds
less well to treatment than other symptoms, such as
[8]
dysphagia and regurgitation .
The symptoms associated with achalasia are
non-specific, which can lead to long delays between
symptom onset and diagnosis (sometimes taking
[9,10]
up to 5 years to make the diagnosis)
. Similarly,
patients without achalasia can also present with
symptoms of dysphagia, regurgitation, recurrent
aspiration, and chest pain in the setting of prior lapband surgery, fundoplication, or pseudoachalasia - a
syndrome that can involve malignant infiltration of

WJG|www.wjgnet.com

DIAGNOSIS
In patients with dysphagia and suspected achalasia,
radiographic and endoscopic modalities should be
utilized to exclude mechanical causes of dysphagia
and to evaluate for GEJ narrowing or hypertonicity and
esophageal dilation, which can support the diagnosis
of achalasia. It should be noted that in early achalasia,
both barium studies and endoscopy may be normal.
However, in later stages, barium swallow may be
characterized by the classic “bird’s beak” appearance,
whereby a dilated esophagus tapers significantly at
the GEJ (Figure 1). An associated air-fluid level in the
esophagus and an absent gastric bubble are other
fluoroscopic clues of possible achalasia. Not only
is a barium esophagram important in defining the
morphology of the esophagus, but it can also be used
as a functional test whereby an upright esophagram
can be performed to measure esophageal emptying
[13,14]
times over a 5-min period or longer
.
Endoscopy is important in the diagnostic workup
of patients with achalasia, as it can rule out luminal
malignancies of the esophagus and proximal stomach,
which can also cause symptoms of dysphagia and
weight loss. On endoscopic evaluation of patients with
achalasia, static food and fluid are frequently found
in an esophagus that is dilated proximal to the GEJ.
Furthermore, a careful endoscopist can also evaluate
for increased tone of the LES. In patients with “classic”
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A

SUBTYPES OF ACHALASIA

B

The Chicago classification is a currently accepted
system that separates “classic” achalasia into 3
[21]
clinically relevant subtypes . The manometric
findings common to all types of achalasia include
impaired relaxation of the LES (residual pressure or
IRP of ≥ 10 mmHg) and absent peristalsis in a patient
[3,18-20]
without mechanical obstruction near the LES
.
The variant types of achalasia are further defined as
[21]
follows : Type Ⅰ: has 100% absent peristalsis and
no significant esophageal pressurization; Type Ⅱ: has
100% absent peristalsis with ≥ 20% of swallows with
pan-esophageal pressurization to > 30 mmHg (Figure
2); Type Ⅲ: has ≥ 20% of swallows with premature
spastic contractions (distal latency of < 4.5 s).
These classifications are not only descriptive, but
they also have useful prognostic and therapeutic
implications. Patients with type Ⅱ achalasia have
the best prognosis with 96% of patients reporting
symptomatic improvement following treatment with
myotomy or pneumatic dilation (PD). Patients with
type Ⅰ achalasia have response rates of around 81%,
as these patients probably have late-stage disease
with complete loss of inhibitory neurons. Patients with
type Ⅲ achalasia have the worst treatment response,
estimated at around 66%, and this entity might
actually represent a distinct entity unrelated to loss of
[8,21]
inhibitory neurons
.

Figure 1 Barium esophagram of a patient before and several months after
per oral endoscopic myotomy. A 45-year-old woman with type Ⅱ achalasia
underwent per oral endoscopic myotomy (POEM). The pre-procedural barium
esophagram (A, left panel) demonstrated a dilated esophagus with tapering
at the gastroesophageal junction. Following POEM the patient gained 32 lbs
over a 9-mo period but had occasional symptoms of regurgitation, which we
suspected was from eating too much too quickly. Repeat barium esophagram
showed the distal tapering of the gastroesophageal junction has resolved
and there was immediate and unimpeded passage contrast passage into the
stomach (B, right panel). A distal esophageal diverticulum was incidentally
found, which can be seen in patients following POEM with a complete myotomy
of the distal esophagus that is carried across the lower esophageal sphincter
and into the gastric cardia.

achalasia, a diagnostic gastroscope can encounter
moderate resistance at the LES and GEJ. With steady
pressure and advancement of the gastroscope,
ultimately the scope will pass into the stomach leading
to a sensation of “giving way” or a “pop.” Despite this
“resistance” to passage of the gastroscope, achalasia
is characterized by the absence of any mass, stricture,
or mechanical obstruction. In patients with achalasia,
stasis of luminal contents in the esophagus has also
been implicated in development of esophagitis and
might play a role in the 7-to-140-fold increased risk
of subsequent esophageal adenocarcinoma, further
supporting the need for endoscopic evaluation and
[7]
possible screening in these patients .
Manometry remains the gold standard for diagnosis
of achalasia and offers diagnostic accuracy in greater
[15]
than 90% of cases . The procedure involves the
placement of a flexible pressure catheter through the
nose, into the esophagus, and across the GEJ. Prior
conventional manometric line tracings have now been
supplanted by high-resolution manometry (HRM) that
presents pressure data in the context of esophageal[4]
pressure-topography plots . HRM metrics using
Clouse plots led the way to the variant descriptions
of achalasia subtypes in the Chicago classification
[16-20]
system
. The manometric finding of aperistalsis
and incomplete LES relaxation in a patient without
mechanical obstruction of the esophagus supports
the diagnosis of achalasia in the appropriate clinical
[3]
situation . On HRM, impaired GEJ relaxation (or
incomplete LES relaxation) is characterized by mean
4-second integrated relaxation pressure (IRP) of ≥ 10
[21]
to 15 mmHg .
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TREATMENT
Early diagnosis to prevent end-stage disease should
be the primary goal in the management of achalasia,
as no curative therapies exist for this problem. Two
percent to five percent of patients with achalasia
will develop manifestations of end-stage disease,
characterized by massive dilation and a sigmoid-like
appearance of the esophagus - the so-called “mega[22]
esophagus,” which can necessitate esophagectomy .
Encouragingly, various treatments are available to
alleviate dysphagia, restore lost weight, and combat
progression to later-stage disease. Traditional thera
peutic options have included surgical myotomy, PD,
and pharmacologic therapy. However, novel, lessinvasive, endoscopic myotomy techniques have also
been demonstrated to be efficacious in expert centers.
These therapies, which should be individualized to
each patient’s symptoms, age, and co-morbidities, are
primarily aimed at disrupting the dysfunctional deep
muscle of the distal esophageal and LES in order to
permit the passive passage of food.
When considering an interventional procedure, it
is also important to determine how clinical response
can be gauged. In the case of treating achalasia,
in addition to pre- and post-intervention barium
and manometric studies, the Eckardt score offers a
quantitative way to assess the clinical symptomatology
[23,24]
of patients before and after achalasia therapy
.
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Surgical myotomy was first performed and described by Heller in 1914 as a trans-abdominal extramucosal cardioplasty performed onto the anterior and posterior
[1]
walls of the cardia . The procedure was widely adopted due to its success. In 1962, Dor proposed the “technique de Heller-Nissen modifée” for the treatment of reflux
[1]
esophagitis associated with cardiospasm, thereby providing relief of dysphagia while limiting gastroesophageal reflux disease (GERD) . When performed, a concomitant
Dor procedure is preferred to a complete Nissen fundoplication at the time of Heller myotomy given a lower respective rate of recurrent dysphagia (2.8% vs 15%, P <

Heller myotomy

Figure 2 High-resolution esophageal manometry of a patient with achalasia. A 34-year-old man with progressive dysphagia to liquids and solids had a barium esophagram suggestive of achalasia. He presented for high-resolution
manometry to confirm the diagnosis of achalasia. The manometric and topographic findings demonstrated aperistalsis with residual pressure at the lower esophageal sphincter with an elevated integrated relaxation pressure and pan-esophageal
pressurization, which was consistent with type Ⅱ achalasia by the Chicago classification.
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A

and facility charges for LHM with fundoplasty, when
[29]
performed ), alternative, and less invasive therapies
have been pursued particularly in patients with medical
[30]
co-morbidities that might preclude surgery .

PD

PD disrupts the LES by forceful stretching by using
large-diameter, non-compliant, dilating balloon
catheters. Commercially available PD balloons include
the Rigiflex Ⅱ system (Boston Scientific, Natick, MA,
United States) and the Achalasia Balloon Dilators
(Hobbs Medical, Stafford Springs, CT, United States)
that are available in 30 mm, 35 mm, and 40 mm
diameters. The Achalasia Balloon (Cook Medical,
Winston Salem, NC, United States) comes in 30 mm
and 40 mm diameters. Other pneumatic dilating
balloons are available outside the United States
(Olympus Europa, Hamburg, Germany). With the
aid of radio-opaque markers, the deflated balloon is
positioned under fluoroscopic or endoscopic guidance
[31]
across the LES . The balloon is then gradually inflated
until a fluoroscopic waist is identified across the midportion of the balloon that is subsequently obliterated
by further dilation (Figure 3). Although this procedure
[32]
has been widely performed for decades , no
consensus exits with respect to the optimal distention
protocol. Some operators only perform a single
[33]
dilation , although most use graded dilations starting
at 30 mm and then increasing in size on subsequent
sessions every 2 to 4 wk based on symptom relief
[34,35]
that is correlated with LES pressure
. Kadakia
[35]
et al
reported an overall success rate of 93% (in
27 of 29 patients with achalasia) undergoing graded
dilation from 30 mm to 40 mm with a Rigiflex balloon.
Disparate data on success rates have been reported,
ranging from 35% to 85% over several years of follow[36-41]
up
. Over a mean follow-up period of 2.4 years,
[31]
Dobrucali et al
observed a success rate, defined as
improvement in overall symptoms, of 56% in (24 of
43) patients with achalasia who were pneumatically
dilated with a 30-mm balloon. Subsequent dilation with
a 35-mm balloon resulted in improvement in 78% of
the remaining patients who did not have a good initial
response. However, only 54% of patients with followup data available at 5 years were symptom-free.
Nevertheless, graded dilation appeared to be more
effective in achieving symptom relief over 3 years (86%
response rate) as compared to a single 30-mm balloon
[42]
dilation (37% response rate) .
Predictors of poor response to PD include younger
[42]
age (< 40 years) at presentation
and a shorter
[43]
duration of symptoms prior to treatment . Two of
the most important factors in predicting the need
for retreatment include incomplete obliteration of
the waist of the balloon and post-treatment elevated
LES pressures. Incomplete balloon-waist obliteration
was reported to result in 5- and 10-year symptom
recurrence rates of 64% and 72%, respectively. A 3-mo
post-treatment LES pressure above 10 mmHg was

B

Figure 3 Pneumatic balloon dilation of the lower esophageal sphincter
in a patient with achalasia. A 44-year-old man with type Ⅱ achalasia
underwent pneumatic dilation of the lower esophageal sphincter (LES)
under fluoroscopic guidance to 30 mm in diameter. The pneumatic balloon
catheter was passed across the LES over a wire and then inflated with
initial evidence of a waist in the mid-portion of the balloon (A); The balloon
was kept inflated until the waist in the balloon was obliterated (B). A barium
esophagram done immediately following pneumatic dilation showed no
evidence of perforation.
[25]

0.001) . The operation has evolved to the procedure
introduced by Pellegrini in 1992, in which a minimally
invasive single anterior myotomy is performed via a
[26]
laparoscopic approach through the abdomen . The
laparoscopic Heller myotomy (LHM) is currently the
standard surgical approach for achalasia, due to the
procedure’s lower morbidity and relatively similar longterm outcomes when compared with the more invasive
[27]
thoracotomy approach , with rates of efficacy ranging
[4,27]
from 88% to 95%
. Presently, several centers,
including our own, offer robot-assisted LHM with
excellent clinical results.
While the reported rates of clinical success with LHM
have been consistently high, persistent or recurrent
dysphagia does occur after LHM, which is usually due
to an incomplete myotomy. Surgical expertise is an
important predictor of good clinical outcomes, as more
failures and complications occur during a surgeon’s
[28]
first 50 operations . Complications from LHM include
GERD and its sequelae (18%), need to convert to
an open procedure (2%), and mucosal perforations
(6.9%), although perforations are frequently identified
[27]
and closed at the time of operation . Nevertheless,
given the potential morbidity and the cost of the
operation ($44839 in US Dollars for professional fees
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Comparison of traditional therapies

associated with 5- and 10-year symptom recurrence
[36,43]
rates of 25% and 33%, respectively
. Success also
appeared to be predicated on the treatment being
[38]
provided by experienced clinicians .
Overall, patients with characteristics that predict a
poor outcome from PD should probably consider other
options such as surgical or endoscopic myotomy. While
rates of symptom improvement in a select group of
patients following repeated PD for achalasia as high
as 96.8% at 5 years and 93.4% at 10 years have
[41]
been reported , many studies demonstrate that the
treatment effect and symptom remission decreases
[36,37,40]
over time
. Therefore, younger patients might be
better managed with surgical or endoscopic myotomy,
in light of possible diminishing returns with repeated
[40]
PD .

The efficacies of the aforementioned conventional
therapeutic modalities have been evaluated against
one another. When considering the efficacy of LHM
vs PD, several factors must be taken into account
including the patient’s age, comorbid diseases that
may preclude surgery or make complications (if they
occur) potentially fatal, and prior therapies. Patients
undergoing PD should be made aware of the possibility
of perforation (overall median rate in experienced
[3]
hands of 1.9% with a range of 0% to 16%) , as this
complication would require inpatient observation, and
could necessitate emergency esophageal stenting
or even emergency surgery (including possible
esophagectomy).
[32]
Okike et al
published one of the earliest and
largest experiences comparing esophagomyotomy
to forceful dilation of the esophagus for treatment
of achalasia. Between 1949 and 1976, 431 patients
underwent forceful hydrostatic or PD and 468 patients
had an open transthoracic esophagomyotomy.
Esophageal leaks and mediastinal sepsis occurred in
4% following dilation as compared to in 1% of patients
following surgical myotomy, although no deaths
resulted from these complications in either group.
The 30-d mortality was 0.2% after myotomy and
0.5% after forceful dilation. The long-term results of
esophagomyotomy were significantly better than those
for forceful dilation (P < 0.001). Furthermore, 16% of
patients in the dilation group were dilated twice and 2%
required dilation three or more times.
[11]
Gockel et al
followed 89 patients diagnosed with
achalasia between 1998 and 2002 who underwent
either PD (64 patients) or Heller myotomy (25 patients)
in combination with an anterior semi-fundoplication
(Dor procedure) and demonstrated more markedly
improved LES resting pressures on manometry at 6 mo
in patients undergoing myotomy as compared to PD
(7.9 mmHg vs 14.5 mmHg, P < 0.0001), suggesting
the surgical approach to be superior.
When patient characteristics are favorable for PD,
the clinical utility and cost of this procedure appear
[26,30,39]
to beneficial relative to surgery
. A cost analysis
performed by Parkman in 1993 suggested myotomy
[39]
to be 5 times more costly than PD . Moreover, even
though the clinical benefit of repeat PD decreased
over time, LHM remained at least 2.4 times greater in
cost than treating with an initial PD. Using a Markov
[30]
model, O’Connor et al also demonstrated the overall
favorable cost-effectiveness of PD compared to surgical
myotomy over 5 years, which was driven by the high
initial cost of surgery (incremental cost of $5376750
per quality-adjusted life-year, QALY).
In an important study published in 2011, Boeckx
[48]
staens et al
randomized 201 patients with achalasia
to PD (n = 95) or LHM with a Dor fundoplication (n
= 106) and reported a mean follow-up period of 43
mo. In an intention-to-treat analysis, there was no
difference between the groups in the primary outcome

Botulinum toxin injection

In patients with significant comorbidities who may
not be good candidates for surgical or endoscopic
myotomy, or even PD, pharmacologic therapies may
be offered for symptomatic management of achalasia,
although the efficacy of such an approach is typically
limited. Endoscopy-directed botulinum toxin (BT)
injection delivers pharmacologic therapy to the LES
by blocking acetylcholine release from local nerve
[4]
endings, thereby reducing LES tonicity . Typically, 100
U of commercially available BT powder is dissolved in 5
mL of sterile normal saline, and this solution is injected
in divided doses in to the muscularis propria of the
GEJ. Our practice is to perform four quadrant injections
(each containing 20 U of BT in 1 mL of solution) from
the distal esophagus and one final injection (20 U of
BT in 1 mL of solution) from the gastric cardia using a
retroflexed scope position.
[44]
Cuillière et al
reported significant improvement
in LES pressures after treatment and an improved
symptom score at 2 wk, 2 mo, and 6 mo when
compared with pretreatment values (P < 0.001). Of
31 patients treated with endoscopically-delivered BT
injection to the LES, 28 improved initially, although
sustained response was seen in only 20 patients
beyond 3 mo with general response duration averaging
[45]
1.3 years . The response rate tended to be greater
in patients older than 50 years of age (82% vs 43%
in younger patients, P = 0.03) and in patients with
vigorous (type Ⅲ) achalasia (100% vs 52% with classic
achalasia, P = 0.03). The effect of “Botox” injection
tends to be temporary due to axonal regeneration,
with most studies demonstrating minimal clinical
[14,45,46]
efficacy after 1 year
. Furthermore, repeated
BT treatments can induce submucosal fibrosis of the
esophagus and GEJ, which can make subsequent
surgical or endoscopic myotomy more difficult, resulting
in an increased risk of intraoperative perforation as
[47]
well as a higher rate of procedural failure . Given the
above, we do not recommend empiric BT injections as
a diagnostic test for achalasia.
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of therapeutic success (as defined by a drop in the
Eckardt quality-of-life score to ≤ 3) at 1 year (90% for
PD vs 93% for LHM, P = 0.46). Similarly, no difference
was found between the groups in decreased LES
pressures at 1 year (10 mmHg for LHM vs 12 mmHg
for PD, P = 0.27), which led the authors to conclude
that LHM when compared to PD was not associated
with superior rates of therapeutic success. Five-year
follow-up data from the initial study demonstrated
no significant difference in success rates between
PD and LHM (82% vs 84%, respectively, P = 0.92),
although re-dilation was necessary in 25% of patients
[49]
undergoing PD . This study reported that esophageal
perforation occurred in 4% of the patients during PD,
and mucosal tears occurred in 12% during LHM. In a
smaller randomized study published in 2015, patients
with early-stage achalasia who were randomized
to LHM had a 96% rate of symptom relief vs 76%
[50]
in patients who underwent PD (P = 0.04) . This
study reported comparable rates of adverse events
as esophageal perforation occurred in 8% of patients
during PD, whereas mucosal tears occurred in 4% of
the patients during LHM.
As previously mentioned, the appropriate initial
therapy for achalasia should be dictated by a patient’s
clinical parameters, risk tolerance, and by locally
available expertise. Although the risk of perforation
with PD has variably been reported between 0% to
[3]
[51]
16% , Lynch et al
reported perforation in only 1 of
272 PD procedures (0.37%) over 12 years compared
with 6 of 295 LHM procedures (2%) over a similar time
period. There were no deaths in the PD group. These
authors concluded that in high-volume centers PD had
lower rates of complications and death compared with
LHM. It should also be noted that both LHM and PD
may result in post-treatment GERD, but only LHM can
offers a simultaneous adjunctive procedure at the time
of surgery to limit postprocedural reflux.
Studies comparing PD to BT injection have demon
strated improved clinical efficacy of PD in terms of
[14,52,53]
immediate response and duration of response
.
PD also tends to be more effective than BT from a cost[54]
effectiveness standpoint
with an incremental cost[30]
effectiveness ratio of $1348 per QALY . In a study
comparing LHM to BT for symptom improvement in
[46]
patients with achalasia, Zaninotto et al
randomized
40 patients to BT injection and 40 patients to LHM. At
6-mo follow-up, symptom scores were significantly
better in the patients undergoing LHM compared
with those undergoing BT injection (82% vs 66%, P
< 0.05). The probability of being symptom-free at 2
years was 87.5% after surgery vs 34% after BT (P <
0.05). Despite being easy to perform and possessing
a good safety profile, the limited clinical efficacy of BT
injection to durably treat achalasia should limit its use
to elderly patients who are considered to be unfit for
surgery or as a salvage therapy following failure of
other therapeutic modalities.
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PER ORAL ENDOSCOPIC MYOTOMY
In an effort to minimize the potential complications
and invasiveness of surgery and to improve upon the
clinical efficacy of non-surgical therapy for achalasia,
per oral endoscopic myotomy (POEM) was conceived
of by Pasricha in 2007 and performed in a porcine
[55]
model . Baseline LES pressures were measured in 4
pigs who subsequently underwent upper endoscopy. A
submucosal saline injection was made 5 cm above the
LES followed by a small entry incision in the mucosa to
facilitate introduction of a dilating balloon and creation
of a submucosal tunnel. The scope was then advanced
towards the LES and circular deep muscle fibers
were then incised using an electrosurgical knife. The
endoscope was then withdrawn back into the lumen
of the esophagus and the defect was closed using
endoscopically applied clips. Manometry repeated
on day 5 after the procedure demonstrated the LES
pressures to have decreased from an average of 16.4
mmHg prior to myotomy to an average of 6.7 mmHg
following myotomy.
Based on his expertise in endoscopic submucosal
[56]
dissection (ESD), Inoue et al
believed that this
procedure could be safely performed in patients, and
he performed POEM in 17 consecutive patients with
achalasia (10 men and 7 women with a mean age
41.4 years). Included in this series were 3 patients
who had previously received an uncomplicated balloon
dilation. A dysphagia-symptoms-score was assessed
for each patient prior to and several times after the
procedure to objectively gauge improvement in
symptoms. A barium swallow (to evaluate the degree
of esophageal dilation) and a computed tomography
(CT) scan (to provide information on anatomical
structures adjacent to the esophagus) were performed
in all patients prior to POEM. Patients with sigmoidtype achalasia (esophagus demonstrated a “U-turn”
or a “double-lumen” on CT) were initially excluded,
but were later included after success with the first 5
cases. A CT scan was also obtained on the day of the
procedure following POEM to evaluate for mediastinal
emphysema, and a barium swallow was completed the
day after POEM to confirm passage of contrast through
the GEJ without leakage. Esophageal manometry was
also completed prior to and after the procedure.
All 17 patients underwent successful POEM for
achalasia under general anesthesia and by using
carbon dioxide gas for insufflation. An anterior
approach was taken for 16 of these POEM procedures.
A 2-cm longitudinal mucosal incision was made in
the mid-esophagus to allow a 9.8-mm diagnostic
gastroscope with a distal attachment cap to gain
access to the submucosal space. A Triangle Tip Knife
(Olympus, Tokyo, Japan) was used to dissect the
submucosal layer and also to divide the circular muscle
bundles. Endoscopic myotomy was begun 3 cm distal
to the mucosal entry point and the submucosal tunnel
averaged 12.4 cm in length. The myotomy of the deep
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Figure 4 Per oral endoscopic myotomy in a patient with achalasia. A 56-year-old man with type Ⅱ achalasia and a history of chronic alcohol use underwent
attempted laparoscopic Heller myotomy. Upon retraction of the liver during surgery, large gastroesophageal varices were noted to arise and the surgery was aborted.
The patient was exhorted to stop drinking alcohol. Doppler ultrasonography and magnetic resonance imaging with arterial and venous phase imaging did not show any
significant gastroesophageal varices or obvious portal hypertension. Per oral endoscopic myotomy (POEM) was performed. Endoscopic views in the distal esophagus
found some enlarged veins but no high-grade esophageal or gastric varices (A); Radial endosonography found a thickened deep circular muscle layer measuring 2.9
mm, which is commonly found in patients with achalasia, but no obvious esophageal varices were noted (B); A mucosal weal was created by injecting saline tinted
with indigo carmine (C); and a mucosal entry incision was made (D); Submucosal dissection was carried out with sequential injection and electrosurgical dissection
(E) using a T-type Hybrid knife in conjunction with an ERBEJET 2 and a VIO 300 D generator set at EndoCut Q 3-2-1 (ERBE, Marietta, GA, United States). Dissection
of the circular layer of the muscularis propria was performed using the T-type Hybrid knife (F); After completion of the 7-cm-long myotomy in the distal esophagus that
was carried out an additional 2 cm into the gastric cardia (G); the mucosal entry site was closed by using endoclips (H). The patient did well without any intra- or postprocedural bleeding. At clinic follow-up 2 mo later, the patient reported complete resolution of his symptoms of dysphagia and weight gain of 14 lbs.
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separate study, quality-of-life assessments based
on the SF-36 instrument in patients who underwent
POEM increased at 3 wk, 6 mo, and 1 year following
the procedure, which was comparable to the results
[72]
[73]
seen following LHM . Kumbhari et al
compared 49
patients with type Ⅲ achalasia who underwent POEM
across 8 international centers to 26 patients who
underwent LHM at a single institution. Despite patients
in the POEM arm receiving a longer-length myotomy
(16 cm vs 8 cm, P < 0.01), POEM procedures were
completed in a significantly shorter mean procedure
time (102 min vs 264 min, P < 0.01), and patients
who underwent POEM had significantly better clinical
response (98.0% vs 80.8%, P = 0.01), as compared
to those who underwent LHM. These authors surmised
that patients with type Ⅲ achalasia had a better clinical
response following POEM than after LHM in this study
because POEM enables a longer-length myotomy,
as the endoscopic approach provides access to the
esophageal body.
Furthermore, POEM was reported to have been
safely performed and effective in a series of 40
consecutive patients that included 12 who had
[74]
previously undergone PD or BT injection . In this
study, 12 patients had undergone previous alter
native therapies, while 28 patients had received no
intervention prior to POEM. There was no statistical
difference in the 6-mo postoperative median Eckardt
scores between the two groups (1 vs 1, P = 0.4). Ling
[75]
et al
also reported on 21 patients who underwent
POEM following failed PD. In that series, there was no
statistical difference in postprocedural Eckhart scores,
LES pressures, esophageal emptying, or quality-of-life
indicators in those patients who had undergone failed
PD prior to POEM compared with 30 control patients
who had no intervention prior to POEM. However, mean
POEM operating time was longer in the failed PD group
(42.4 min) compared with the control group (34.3 min,
P = 0.01). Alternatively, in a study with 40 patients,
[76]
Orenstein et al
reported no statistical difference
in operating times, GERD metrics, and SF-12 scores
between patients who had undergone no interventions
prior to POEM and those who had undergone prior
interventions (including BT injection, balloon dilation,
or surgical myotomy). The authors did state that a
different approach was necessary in patients who
had failed Heller myotomy as an anterior approach
would not be effective and significant scarring could be
encountered. In this situation, most experts perform
POEM with the mucosal entry site and subsequent
myotomy along the posterior wall of the esophagus.
As of 2016, we now have relatively robust, pub
lished data that demonstrate POEM to be an effective,
minimally-invasive therapy for achalasia with similar
outcomes to LHM. As POEM is now routinely performed
by numerous experts in referral centers worldwide,
additional comparative studies with long-term followup should be forthcoming. At present, the technique
of performing POEM (type of knife used, type of
electrosurgical current used at various steps in the

circular muscle bundles was carried out to a distance at
least 2 cm distal to the GEJ in to the proximal stomach.
Minor bleeding occurred during the POEM procedures
and was easily controlled by endoscopic coagulation.
Once the mucosal defect was endoscopically closed
with standard endoclips, substantial reduction in LES
tone was confirmed by passing the endoscope through
the lumen of the esophagus. Furthermore, patients’
dysphagia symptom scores decreased from a mean
of 10 prior to POEM to a mean of 1.3 following the
procedure (P = 0.0003), and mean LES pressure
decreased from 52.4 mmHg to 19.8 mmHg (P =
[56]
0.0001) after POEM .
[57]
Subsequently in 2015, Inoue et al
published
their results from a cohort of 500 patients who all
underwent successful POEM. Short- and long-term
follow-up was reported. These investigators found
a significant reduction in Eckardt scores and LES
pressures at 2 mo, 1 year, and 3 years following POEM
as compared to baseline values. Adverse events were
observed in 16 of 500 patients (3.2%), which included
1 pneumothorax with mediastinal emphysema, 8
mucosal injuries, 3 postoperative hematomas, 1 case
of inflammation in the lesser omentum, and 2 cases
of pleural effusion. GERD was the biggest delayed
complication of the procedure, which was reported
in 16.8% of patients at 2 mo and 21.3% at 3-year
follow-up. Length of hospital stay in this series was a
median of 4 d (range of 4 to 5 d) after POEM, and no
perioperative mortalities occurred.
The POEM procedure, and the equipment used
to perform it, continue to be refined at a number of
centers of expertise around the world, with similar
results and complications as those in Inoue’s series
[58-68]
having been described in subsequent series
(Figure 4). Most endoscopists experienced with ESD
no longer routinely use balloon dilation to create a
submucosal tunnel, rather the tunnel is created by
using electrosurgical dissection taking care to stay close
to the deep muscle layer (as for a POEM, perforation
is actually causing injury to the esophageal mucosa as
opposed to the muscularis propria and adventitia).
The first prospective series of POEMs performed in
Europe included 16 patients and achieved success in
94% of cases, with reduction in LES pressures from
a mean of 27.2 mmHg prior to POEM to 11.8 mmHg
following treatment. Furthermore, none of the patients
[69]
subsequently developed GERD . Similar rates of
overall success and complications were corroborated
by the International POEM Survey (IPOEMS), which
[70]
involved 16 expert centers .
A meta-analysis that included 4 studies of pa
tients with achalasia who underwent LHM vs POEM
reported that POEM patients had comparable rates of
complications (OR = 1.17, P = 0.7), postprocedural
GERD (OR = 1.00, P = 1.00), and symptomatic
recurrence by Eckardt score (OR = 0.24, P = 0.13),
with no difference in other outcomes including pain
scores, operating times, and length of hospital stays
[71]
when compared to those who had LHM . In a
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procedure, isolated incision of the deep circular muscle
vs full-thickness incision, etc.) and the optimal preand post-procedural protocol continue to be refined
and can vary among high-volume centers.
For instance, in the IPOEMS survey, 88% of
those surveyed reported obtaining routine early
[70]
postoperative radiographic imaging . Sternbach
[77]
et al
subsequently evaluated the ability of barium
esophagram obtained on postoperative day (POD) 1 in
72 patients undergoing POEM to predict symptomatic
and physiologic outcomes at 1-year follow-up. Those
patients found to have delayed esophageal emptying
on barium esophagram performed on POD 1 had no
difference at 1 year with respect to Eckhart scores,
barium height at 5 min, or need for retreatment
when compared with those patients without delayed
emptying on barium esophagram. Despite these data,
most centers still perform a barium esophagram within
1 d following POEM to rule out perforation, in addition to
serving as an early indicator of efficacy following POEM.
As mentioned above, the endosurgical technique
used to perform POEM can vary among centers,
which is a phenomenon also seen with ESD. POEM
has classically involved the use of separate devices to
successively inject saline tinted with a blue dye (diluted
indigo carmine or methylene blue) into the submucosal
space, followed by dissection with an ESD knife (such
as a DualKnife or Triangle Tip Knife, Olympus America,
Center Valley, PA or an I-type or T-type Hybrid Knife,
ERBE, Marietta, GA) in a sequential and repeated
fashion.
However, in a recent cohort of 9 patients undergoing
POEM, repeated water-jet injection of tinted saline
through the dedicated channel of the gastroscope
(thereby mitigating the need for an injection needle)
resulted in consistent staining of the submucosal
fibers, which enabled accurate, efficient, and safe
[78]
[79]
dissection with a Triangle Tip Knife . Cai et al
further demonstrated differing procedural times in 100
patients undergoing POEM who were randomized to
the conventional multi-device technique (using a 23G
injector needle and a TT Knife, Olympus) or to use of a
HybridKnife (I-type or T-type, ERBE) with an ERBEJet2
(ERBE) system that enables atraumatic submucosal
injection of saline as well as electrosurgical dissection
by using a single endoscopic device. The group
that underwent POEM with the HybridKnife had a
significantly shorter average procedure duration (22.9
min), without any severe complications, compared with
the group that underwent POEM with the conventional
multi-device technique (35.2 min, P < 0.0001).
Other commercially available knives that enable both
injection and electrosurgical incision and dissection are
expected to be made available in the United States in
2016-2017.
Overall, POEM is a significant addition to the
armamentarium of the interventional or surgical
endoscopist for the endoscopic treatment of achalasia.
It is our belief that the most effective treatment for
patients with achalasia is the precise visualization and
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incision of the dysfunctional circular muscle of the distal
esophagus, the LES, and the proximal gastric cardia.
We believe that irrespective to how the myotomy is
performed - whether by using a robot-assisted or
laparoscopic surgical approach or by using a flexible
endoscope - as long as a proper myotomy is achieved,
the treatment results should be equivalent. What
might differ between an endoscopic and a surgical
approach might be the rates or types of complications.
Furthermore, with ever changing and decreasing
procedural reimbursement, particularly for flexible
endoscopy codes in the United States, the relative cost
of LHM vs POEM is likely to change-probably in favor of
POEM. With additional comparative long-term data and
multi-center reports, we believe that POEM will likely
become a widely accepted and effective endoscopic
therapy for achalasia.

OTHER ENDOSCOPIC INNOVATIONS
Other endoscopic advancements that might help
patients with achalasia include use of the Endolumenal
Functional Lumen Imaging Probe system (EndoFLIP,
Crospon, Carlsbad, CA, United States) to measure LES
distensibility at the time of POEM in order to improve
long-term outcomes by giving an intraprocedural
indicator of the adequacy of the myotomy prior to
[80]
tunnel closure . Additional innovative endoscopic ideas
in this field have included injection of ethanolamine at
the GEJ as a cheaper but clinically equivalent alternative
[81]
to BT , as well as temporary use of a large caliber
[82]
30-mm self-expandable metal stent for symptomatic
improvement in patients with achalasia (which is not
commercially available or approved for use in the United
States). Of course, as with other currently accepted
techniques for treating achalasia, robust data denoting
successful long-term outcomes with acceptable risk
profiles will be required prior to generalized use of any
new and innovative techniques.

IMPORTANCE OF COUNSELING
Regardless of whether PD, LHM, or POEM is performed,
all proceduralists strive for ideal outcomes with no or
few complications. However, it should be underscored
that achalasia is a lifelong disease with no cure.
At best, the goal of pharmacologic, radiographic,
endoscopic, or surgical treatment of achalasia is
to allow patients to eat better (without constant
dysphagia), maintain their weight, and reduce the
risk of developing a megaesophagus. Patients must
understand that they will never eat “normally” as
they did prior to being diagnosed with achalasia. In
particular, following a complete myotomy (regardless
of whether it is by LHM or POEM), patients can never
lay flat because of the risk of aspiration from an
incompetent LES. Also, patients must be careful to
swallow only small quantities of well-chewed food
and to allow gravity with adequate time to allow this
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manageable food bolus to pass from the esophagus
into the stomach. Patients with successful and
complete myotomies who swallow too much food in too
quick a manner are prone to “overflowing” the 7-to10-cm-long myotomy in their distal esophagus, which
can lead to symptoms of dysphagia and regurgitation
from food that is backed-up in the non-treated mid-toproximal esophagus, thereby mimicking an incomplete
myotomy.

endoscopic screening, decisions regarding whether or
not to screen and how frequently to do this falls on the
judgment of the treating physician in consultation with
his or her patient.

CONCLUSION

2

Endoscopy is an important tool in the diagnostic
workup of achalasia. Endoscopic therapies also offer
a range of minimally invasive treatments for patients
with this non-malignant but incurable disease. Overall,
the choice of which therapy to use to treat a patient
with achalasia should be based on clinical factors
including the patient’s age, medical comorbidities, risk
tolerance, and the local expertise of the managing
physicians. HRM should be obtained to definitively
diagnose achalasia, as it also enables the diagnosis
of the subtype of achalasia, which in turn might help
guide treatment. We generally counsel patients on
the long-term data supporting use of PD or surgical
myotomy, and we also give patients the option to
pursue POEM as a minimally-invasive endoscopic
alternative to LHM.
Based on presently available data, we believe
that both LHM and POEM, when done properly by
an experienced surgeon or endoscopist, can achieve
excellent clinical results, particularly in patients with
type Ⅰ or type Ⅱ achalasia. Furthermore, we feel it
reasonable to proceed with myotomy (either LHM or
POEM) as first-line therapy over pharmacologic options
including BT injection in younger, healthier patients.
However, in patients with limited life expectancy
or those who are poor operative candidates, less
invasive therapies such as repeated BT injection or
even percutaneous endoscopic gastrostomy tube
placement are appropriate considerations. While PD is
effective and can be repeated, if required, the random
disruption of the LES and deep muscle layer of the
distal esophagus can make subsequent LHM or POEM
more challenging and more dangerous.
Ultimately, thoughtful and tailored application
of various therapies for patients with achalasia can
provide long-term symptomatic improvement. Despite
this optimism, the data do show that recurrent
symptoms can occur up to years later following
successful LHM, POEM, or PD. However, re-treatment
is possible typically by PD or POEM at a site that has
not undergone prior myotomy. Patient counselling and
behavioral modification are paramount to achieving
good postprocedural outcomes, as achalasia can
only be treated but not cured. Finally, endoscopic
management may also extend to screening for
malignancy in patients with achalasia as their risk of
esophageal cancer is increased. However, with limited
data and no official recommendations regarding

3
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Abstract
Human bocavirus (HBoV) is a parvovirus isolated about
a decade ago and found worldwide in both respiratory
samples, mainly from early life and children of 6-24
mo of age with acute respiratory infection, and in stool
samples, from patients with gastroenteritis. Since then,
other viruses related to the first HBoV isolate (HBoV1),
namely HBoV2, HBoV3 and HBoV4, have been detected
principally in human faeces. HBoVs are small nonenveloped single-stranded DNA viruses of about 5300
nucleotides, consisting of three open reading frames
encoding the first two the non-structural protein 1
(NS1) and nuclear phosphoprotein (NP1) and the
third the viral capsid proteins 1 and 2 (VP1 and VP2).
HBoV pathogenicity remains to be fully clarified mainly
due to the lack of animal models for the difficulties in
replicating the virus in in vitro cell cultures, and the
fact that HBoV infection is frequently accompanied
by at least another viral and/or bacterial respiratory
and/or gastroenteric pathogen infection. Current
diagnostic methods to support HBoV detection include
polymerase chain reaction, real-time PCR, enzymelinked immunosorbent assay and enzyme immunoassay
using recombinant VP2 or virus-like particle capsid
proteins, although sequence-independent amplification
techniques combined with next-generation sequencing
platforms promise rapid and simultaneous detection of
the pathogens in the future. This review presents the
current knowledge on HBoV genotypes with emphasis
on taxonomy, phylogenetic relationship and genomic
analysis, biology, epidemiology, pathogenesis and
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Conversely, recent research has raised concerns over
[17]
its presence in transfusion medicine .
HBoV has been found in individuals of all ages,
although it mainly affects infants aged 6-24 mo with
[1,18,19]
respiratory symptoms
. Based upon Koch’s mo
dified postulates, however, the virus cannot yet be
confirmed as a causative agent of disease due to
the lack of animal models and/or for the difficulties
[20-23]
in replicating it in in vitro cultured cells
. Thus,
research and discussion about the potential role of this
pathogen (alone or in combination with other types
of viruses) in patients with respiratory infections and
gastroenteritis is on going.
In this review, we examine the current knowledge
and recent findings on the taxonomy, biology, epi
demiology, pathogenesis and diagnosis methods of
HBoV.

diagnostic methods. The emerging discussion on
HBoVs as true pathogen or innocent bystander is also
emphasized.
Key words: Human bocavirus; Respiratory virus; Molecular
tests; Gastrointestinal virus; Pathogenesis; Epidemiology;
Immunoassay methods
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Four genotypes compose the genus Bocavirus :
Human bocavirus (HBoV) 1, predominantly found in the
respiratory tract; and, HBoV2, 3 and 4, mainly detected
in stool and associated with gastroenteritis. Despite
worldwide occurrence, human bocavirus infection
remains poorly understood, and the comprehension of
many aspects of these viruses’ biology (i.e. , taxonomy,
phylogenetic relationships with other viruses, epide
miology, molecular mechanisms of interaction with
human cells, association with other pathogens, etc. )
is necessary to clarify whether they are harmless
passengers or true pathogens. Development of new
diagnostic tools for detection of human bocaviruses will
support this type of research.

CLASSIFICATION AND BIOLOGY
HBoV genotypes belong to the family Parvoviridae,
subfamily Parvovirinae, genus Bocavirus, causing
[1,18,24]
infection in vertebrates exclusively
. The
family Parvoviridae also comprises the subfamily
Densovirinae, which infects arthropods and shares
no sequence homology with the other subfamily. The
current classification of the International Committee
on Taxonomy of Viruses database recognizes eight
genera of the subfamily Parvovirinae: Amdoparvovirus,
Aveparvovirus, Bocaparvovirus, Copiparvovirus,
Dependoparvovirus, Erythroparvovirus, Protoparvovirus
[24]
and Tetraparvovirus .
The name Bocavirus derives from the combination
of the terms bovine parvovirus (BPV) and canine
minute virus (CMV), and was based on the sequence
similarities and genomic organization of these two
[1,25]
close relatives
. The parvoviruses associated
with human infections are parvovirus B19 (B19V),
within the genus Erythroparvovirus, the apathogenic
adeno-associated virus, belonging to the genus
Dependoparvovirus, and the recently discovered
parvoviruses 4 (PARV4) and 5 (PARV5), affiliated with
[24]
the new genus Tetraparvovirus . The latter has not
yet been associated with any clinical significances;
based on similarity, however, it has been allocated to
[26,27]
the new genus Hokovirus
.
Among the human parvoviruses, B19V is particularly
relevant since it is acknowledged as the etiologic agent
of erythema infectiosum (also known as fifth disease)
and has been characterized as a causative agent
of other conditions in both children (e.g., transient
arthritis) and adults (e.g., non-immune hydrops fetalis,
several auto-immune diseases, spontaneous abortion
[28-30]
and arthropathies)
. Despite the close phylogenetic
relationship between B19V and HBoV, they appear to be
strongly divergent in nature. For example, B19V shows
tropism for bone marrow and a lifelong persistence in
[31,32]
heart tissue
, while HBoV persists in lymphatic tissue

Guido M, Tumolo MR, Verri T, Romano A, Serio F, De Giorgi
M, De Donno A, Bagordo F, Zizza A. Human bocavirus: Current
knowledge and future challenges. World J Gastroenterol 2016;
22(39): 8684-8697 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i39/8684.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i39.8684

INTRODUCTION
Human bocavirus (HBoV) is a parvovirus that was first
identified in 2005 using a protocol based on DNase
treatment, random PCR amplification, high-throughput
sequencing and bioinformatics analysis. When this
virus-screening technique was initially applied to
nasopharyngeal swabs and washings from children
with unresolved respiratory tract infections, it gave a
positive result rate of 3.1%; hence, it was proposed
that HBoV is a causative pathogen of respiratory tract
[1]
diseases .
Three additional HBoV subtypes were subsequently
identified in human stool samples, named as HBoV2,
HBoV3 and HBoV4 to differentiate them from the first
[2-4]
isolated subtype, named HBoV1 . Notably, studies
of both respiratory and faecal samples have shown the
presence of HBoV in association with other potential
[5-8]
pathogens , which led to the hypothesis that the
virus may be a harmless passenger rather than a true
[9,10]
pathogen
. Moreover, the virus has been detected in
[11]
[12]
other biological samples, including blood , saliva ,
[13]
[14]
faeces
and urine , as well as environmental
[15]
[16]
samples, including river water
and sewage .
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[33,34]

and in tissues afflicted with chronic sinusitis
.
Parvoviruses are small, icosahedral, non-enveloped
viruses of 18-26 nm in diameter that contain a single
molecule of linear, negative- or positive-sense, single[1,35]
stranded DNA
. The length of the linear singlestranded HBoV genome is only about 5 kilobases,
plus the terminal sequences of 32-52 nucleotides (nt)
[36,37]
that play a key role in virus replication
and show
high similarity to the terminal sequences of BPV and
[38]
CMV .
The replication mechanism of HBoV has remained
elusive, with two conflicting models proposed: rolling
[23,32]
[39]
hairpin
versus rolling-cycle . Replication of the
other parvovirus occurs via the rolling-hairpin model,
with generation of concatenameric intermediates
characterized by a head-to-head or tail-to-tail
structure. However, while the presence of head-tohead monomers has been demonstrated in HBoV1,
HBoV2 and HBoV3, concatenameric intermediates
[23,36,37,40,41]
have not been found yet
.
Conversely, recent data support the hypothesis
that HBoV, during its natural infection, can become
persistently established in host cells by forming extrachromosomal closed circular episomes, instead of
[37,41]
concatemers
. To date, the episomal structure has
[36,37,40,41]
been found for all the HBoV genotypes
. In
addition, head-to-tail sequences of HBoV1 have been
detected in samples from patients with respiratory
[36]
[37]
infections . Kapoor et al
identified the head-to-tail
monomer in an episomal circular form (HBoV3-E1) of
the HBoV3 genome from an intestinal biopsy of a child
with gastrointestinal disease; the complete HBoV3-E1
genome was shown to contain 5319 nt, flanked with a
513 nt-long terminal non-coding sequence. Meanwhile,
the HBoV2-C2 circular genome (5307 nt, of which 520
nt represent the non-coding terminal region) has been
[41]
detected as well . A recent study demonstrated that
the replicative form of the HBoV4 genotype comprises
[40]
a head-to-tail nucleotide sequence in circular form .
Future research efforts delving deeper into the HBoV
replication mechanism are likely to improve our
comprehension of the pathogenetic role of HBoV
[37]
substantially .
The genome of HBoV is organized in three open
reading frames (ORFs): ORF1, encoding two forms of
the non-structural (NS) protein NS1; ORF2, encoding
an additional NS protein, the nuclear phosphoprotein
[38,42]
NP1
; and, ORF3, encoding the two structural viral
capsid proteins VP1 and VP2, which are generated as a
[1]
result of alternative splicing events . The non-coding
regions contain palindromic sequences, commonly
known as inverted terminal repeats, that are essential
[37,43]
for viral replication
. NS1 is a multifunctional
protein that has various sites with differing functions
in the N-terminus (binding and endonuclease),
C-terminus (transactivation) and middle region (ATPase
[44,45]
and helicase)
. Furthermore, NS1 has a role in
DNA replication, and, similar to NP1, its function is
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essential for DNA replication of CMV and minute virus
[46]
of mice . This non-structural protein also participates
in apoptosis, cell-cycle arrest and gene transactivation
[47,48]
in B19V
.
Recently, novel small NS proteins (NS2, NS3 and
NS4) have been identified in HBoV1 through studies
based upon transfection of an HBoV1 infectious proviral plasmid and viral infection of polarized human
airway epithelium cells cultured at an air-liquid
interface (HAE-ALI). These proteins contain the
predictive domains of NS1 activities; moreover, their
function is important for viral DNA replication in the
human embryonic kidney 293 (HEK293) cell line. NS2
plays a critical role in HBoV1 replication in HAE-ALI
[49]
cultures as well . NP1 is also a small non-structural
protein, but for which the function(s) still need to
be fully elucidated. Initially, NP1 from HBoV1 was
shown to induce cell cycle arrest and apoptosis after
[50]
transfection in HeLa cells . Recent studies, however,
have shown that HBoV1 NP1 plays a critical role in the
[51]
expression of viral capsid proteins and demonstrated
its direct involvement in viral DNA replication at the
[52]
replication origin (OriR) .
VP1 and VP2 share a C-terminal region and differ
[53]
only in the N-terminal region of VP1 (VP1u) . VP1u
exerts phospholipase A2 activity, which is essential for
infectivity and is facilitated by release of the virus from
endocytic compartments to the nucleus of the host
[42]
cell . To date, the mechanism underlying the viral cell
[36]
entry and in vivo host-range remains unclear .
The complete NS1 gene sequence of HBoV1
(NC_007455.1) is 1928 nt long and encodes a
polypeptide of 643 amino acid (aa) residues, much
[46,54]
shorter than the NS1 of CMV and of BPV
. The
HBoV1 NP1 gene is 660 nt long and its encoded
protein varies in length among the different strains,
ranging from 214 to 219 aa residues. Moreover, the
HBoV1 VP1/VP2 ORF contains the complete coding
sequence of the VP1 gene (3071 nt), encoding for a
[4]
protein of 671 aa residues , and the VP2 gene within
the VP1 sequence, encoded from nucleotide 3443 to
5071. The genomic organization of the different HBoV
genotypes obtained using the Illustrator of Biological
[55]
Sequences software package
is shown in Figure 1,
and the phylogenetic trees of RefSeq nucleotide and aa
coding regions of the HBoV genomes, as constructed
by the Neighbor-Joining method implemented in
[56-58]
the program MEGA5, are shown in Figure 2
.
Remarkably, HBoV3 NS1 and NP1 sequences cluster
with the homologous sequences of the HBoV1 strain,
and the same holds true for HBoV2 and HBoV4.
Conversely, the VP1/VP2 sequences of HBoV3 are
similar to HBoV2, providing evidence that HBoV3 may
have resulted from recombination between the HBoV1
[3,4]
and HBoV2 viruses (Figure 2) .
A low level of polymorphisms warrants a predomi
nant role for recombination in a genome prone to rapid
[59]
evolution , in a context in which both recombination
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Figure 1 Genomic organization of Human Bocaviruses. Schematic maps of the Human Bocavirus genomes (HBoV1, RefSeq. NC_007455.1; HBoV2, RefSeq.
NC_012042.1; HBoV3, RefSeq. NC_012564.1; HBoV4, RefSeq. NC_012729.2) were obtained using the Illustrator of Biological Sequences software package[55]. The
genes encoding the protein NS1 (non-structural protein), NP1 and VP1/VP2 (capsid proteins) and their nucleotide positions are shown.

and mutation represent major mechanisms of genetic
[60]
variation in parvovirus evolution . Thus, it is not
surprising that it has been proposed recently for
the human bocaviruses group to be rearranged into
two clusters (or species): human bocaparvovirus 1
(including the previous HBoV1 and HBoV3) and human
bocaparvovirus 2 (including the previous HBoV2 and
[25]
HBoV4) .
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PATHOGENESIS
As already stated, the pathogenesis of HBoV remains
poorly characterized, mainly due to the lack of specific
cell lines for virus culture or experimental animal
[18]
models . The first study presenting an in vitro cul
ture system for HBoV dates back to 2009, wherein
pseudostratified HAE-ALI, derived from primary human
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implemented in the MEGA5 program[58]. The numbers at the branch nodes indicate the bootstrap values calculated with 1000 replicates.

bronchial epithelial cells, was utilized as a tool for HBoV
[22]
replication . Attempts had been made previously with
other cell lines (HEp-2, Vero, MRC-5, etc.) but were
unsuccessful, most likely due to the lack of expression
[22,61,62]
of certain receptor(s)
, making these cells not
susceptible to some respiratory viruses.
The HAE-ALI model was previously used to infect
a wide range of respiratory RNA viruses, such as
influenza viruses and human coronaviruses, among
[63,64]
others, from the apical surface
, unlike the
respiratory DNA viruses, which were accomplished
[65]
only from the basolateral surface . The HBoV1 virions
are capable of, both productively and persistently,
infecting HAE from both the apical and basolateral
surfaces; but, a consequence of this infection can be
induction of airway epithelial damage, evidenced by
loss of cilia, disruption of the tight junction barrier
[23,66]
and epithelial cell hypertrophy
. Subsequently,
commercially available HAE culture systems, namely
EpiAirway (MatTek, Ashland, MA, United States) and
MucilAir HAE (Epithelix Sàrl, Geneva, Switzerland),
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were tested for HBoV1 infection. Despite the same
results as obtained by the HAE made in-house, an
innovative finding was that HBoV1 infection was
[67]
demonstrated to persist for as long as 50 d . More
recent data have displayed, for the first time, that
HBoV1 infection of HAE-ALI induces a DNA damage
[68]
response that facilitates viral genome amplification .
In parallel, other cell lines can be infected by HBoV; for
example, it has been established that transfection of a
HBoV1 infectious clone into HEK293 cells can generate
[42,52]
high titre progeny virions
.
The virus enters the host via the respiratory tract
and through the bloodstream or by direct ingestion,
[69]
reaching the gastrointestinal tract . HBoV1 has been
detected in both respiratory and gastrointestinal tract.
Several studies have shown the association between
HBoV1 and the upper and lower respiratory tract.
In this regard, the most frequently described clinical
presentation of HBoV1 infection includes cough, fever,
rhinorrhea, asthma exacerbation, bronchiolitis, acute
[1,5,18,19,70,71]
wheezing and pneumonia
. HBoV1 DNA has
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also been found in stool samples of adult patients
with the gastrointestinal manifestations of nausea,
[72]
vomiting and diarrhoea . However, the HBoV1load in stool samples of paediatric patients with acute
gastroenteritis was reported to be lower than the viral
[73]
loads in respiratory tract samples . In fact, a viral load
median of 1.88 × 104 genome/mL has been reported
for stool samples, which is lower than that found in
the nasopharyngeal aspirates (NPA) of patients with
3
[74,75]
respiratory infections (4.9 × 10 copies/mL)
.
HBoV2, as well as the other genotypes, is found
[18,40,76,77]
more often in stool samples
and HBoV2, and
[3,10,78]
possibly HBoV3, associates with gastroenteritis
.
Among these, HBoV2 has been the only species
isolated from NPA of children hospitalized with acute
[79]
respiratory tract infections . More recent data show
that HBoV can be detected directly and specifically
in tissues such as the duodenum, paranasal sinus
[34,37,39]
mucosa and intestinal biopsies
.
HBoV mono-infections are rare, while double[9,80]
infections are observed frequently
. Cases of HBoV
infection show a high rate of co-infections with other
viral and bacterial respiratory and gastroenteritis
pathogens, such as human rhinovirus, adenovirus,
[6,73,81-83]
norovirus, rotavirus
. Notably, co-infecting
pathogens have been found in up to 83% of res
[14,18,70,84]
piratory samples
. In particular, co-infection
with respiratory syncytial virus (RSV) occurs very
[85]
frequently (89.5%) . HBoV1 remains detectable in
NPA samples of immune-competent subjects for up
[86,87]
to 6 mo after infection
. Consequently, HBoV1 is
often detectable with other viruses in asymptomatic
patients, facilitating the reactivation of a latent virus
[88]
by a super-infection . Despite a low tropism of the
[31,89]
virus being demonstrated in the human body
,
HBoV shows a high persistence in some sites, in
[33]
particular the lymphatic tissue . The persistence
and reactivation of HBoV may explain the high
[90]
prevalence of co-infections , although its effects and
mechanisms are still unclear and its contribution to
[88]
active disease remains to be accurately established .
In addition, individuals with low viral load are more
likely to be co-infected with other pathogens compared
[84]
to those with high viral load (57% vs 38.9%) .
Clinically relevant infections, requiring hospitalization
of the subject, are associated with co-infections of
[91,92]
up to six different pathogens in a single patient
.
Furthermore, high viral load (> 104 copies/mL) has
been shown in multiple studies to be statistically
associated with severe clinical manifestations and
[35,84,93]
longer hospitalization
. In contrast to these
[85]
findings, however, Ghietto et al , who screened
1135 respiratory samples from children and adults,
both symptomatic and asymptomatic, found no
association between high viral load and illness; yet,
they did demonstrate that all asymptomatic subjects
had a low viral load (P < 0.005). High viral load (>
106 copies/mL) in NPA was reported by Christensen
[94]
et al ; their study also demonstrated that viremia
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was more frequent in the subjects with high viral
load (70%) than in those with a moderate or low
virus load (10%). Hence, on the basis of the data
reported in the literature to date, the role of this virus
as a harmless passenger, rather than a true infecting
agent, is still debatable, and, therefore, it remains to
be established.
In the host, T-helper (Th) cells are essential for
antiviral immunity since they participate in the antiviral
responses both directly and indirectly. Their direct
activities are exerted via their production of antiviral
cytokines, whereas their indirect activities are mediated
via the Th patterns that promote B cells and cytotoxic
[95]
T cells . In a study of NPA from children with acute
[96]
bronchiolitis, Chung et al
demonstrated higher
concentrations of interferon-gamma (IFN-γ), interleukin
(IL)-2 and IL-4 in the HBoV-positive subjects, compared
to the asymptomatic controls; however, the cytokine
levels of IL-10 and tumour necrosis factor-alpha were
lower than those found in RSV-positive children.
Furthermore, other studies demonstrated that HBoV1
induces IFN-γ against HBoV VP2 VLPs, IL-10 and
[97,98]
IL-13 (Th2 cells) in CD4+ T cells
. These findings
suggest that HBoV infection can induce production of
Th1 and Th2 cytokines. To date, however, the precise
mechanisms underlying HBoV-specific T cell immunity
have not been defined.

EPIDEMIOLOGY
HBoV has a worldwide distribution; its transmission
and infection occurs throughout the year but is
[19,98]
predominant during winter and spring months
.
The worldwide distribution of HBoV involves infections
of the respiratory tract and gastrointestinal tract (as
evidenced in stool samples) of children as well as
[2,83]
[6,76,77]
[37,74,78,82]
adults in Europe
, Asia
, the Americas
,
[4]
[3]
Africa and Australia .
We estimated the global prevalence of infection
based upon a search of articles published in the
Medline database from September 6, 2005 (the year
of HBoV discovery) to March 15, 2016 and including
studies evaluating respiratory and gastrointestinal
HBoV infection (Tables 1 and 2 respectively). For each
country, we calculated prevalence estimates, 95%
confidence intervals (CIs) and per cent of co-infections
based on pooled data from all eligible studies and
extracted data in a customised database. In total, we
used 357 reports on the prevalence of HBoV correlated
to respiratory illness and to gastrointestinal infections
(Appendix A).
The average prevalence of HBoV in respiratory tract
samples ranged from 1.0% (CI: 0.0-2.0) to 56.8% (CI:
46.9-66.8) (Table 1) and in stool specimens from 1.3%
(CI: 0.0-3.9) to 63% (CI: 55.0-71.1), depending on
the country (Table 2). Furthermore, the worldwide
HBoV total prevalence estimates in respiratory
infections is 6.3% (CI: 6.2-6.4) and in gastrointestinal
infections is 5.9% (CI: 5.7-6.1) (Tables 1 and 2). With
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Table 1 Prevalence of human bocavirus infection in respiratory infections and co-infections worldwide from 2005 to 2016
Country

Number
of studies

Number
of subjects

4
10
1
14
4
3
62
1
1
11
16
17
3
3
2
2
2
2
19
8
1
1
1
1
1
1
1
1
3
1
3
2
1
1
1
6
5
10
16
3
3
5
8
5
2
10
8
1
21
3
311

1536
2745
445
2718
3779
2825
106960
228
95
4541
5826
4595
2039
3709
94
605
394
721
7354
5016
312
384
735
95
162
230
192
246
1853
191
428
312
486
500
891
2880
833
7594
13560
956
279
1657
2983
2645
1284
3949
14923
1078
13549
2349
233761

Prevalence
estimates

Number
of studies

Number
of HBoV+ subjects

Co-infections
estimates

4
3
1
10
2
2
35
1
NG
5
13
10
3
1
1
2
1
1
14
5
1
1
NG
NG
1
1
NG
1
3
NG
NG
2
1
1
1
5
4
10
9
3
NG
4
2
3
1
4
4
1
14
2
193

208
132
51
293
58
97
4088
57
NG
197
282
390
118
95
28
24
21
26
513
435
57
7
NG
NG
8
8
NG
6
222
NG
NG
3
119
40
164
278
39
437
794
116
NG
62
40
9
7
39
102
44
903
128
10745

55.8 (49.0-62.5)
64.4 (56.2-72.6)
49.0 (35.3-62.7)
90.1 (86.7-93.5)
53.4 (40.6-66,3)
59.8 (50.0-69.6)
50.3 (48.8-51.8)
47.4 (34.4-60.3)
61.4 (54.6-68.2)
31.2 (25.8-36.6)
38.7 (33.9-43.6)
48.3 (39.3-57.3)
18.9 (11.1-26.8)
53.6 (35.1-72.0)
8.3 (0.0-19.4)
33.3 (13.2-53.5)
30.8 (13.0-48.5)
62.8 (58.6-67.0)
61.1 (56.6-65.7)
89.5 (81.5-97.4)
100.0 (-)
37.5 (4.0-71.0)
37.5 (4.0-71.0)
83.3 (53.5-100)
72.1 (66.2-78.0)
33.3 (0.0-86.7)
54.6 (45.7-63.6)
30.0 (15.8-44.2)
59.8 (52.3-67.3)
56.8 (51.0-62.7)
53.8 (38.2-69.5)
43.0 (38.4-47.7)
72.2 (69.0-75.3)
38.8 (29.9-47.7)
33.9 (22.1-45.7)
62.5 (47.5-77.5)
66.7 (35.9-97.5)
71.4 (38.0-100)
30.8 (16.3-45.3)
32.4 (23.3-41.4)
54.5 (39.8-69.3)
38.1 (34.9-41.3)
45.3 (36.7-53.9)
52.4 (51.5-53.4)

(%) (95%CI)
Argentina
Australia
Belgium
Brazil
Cambodia
Canada
China
Denmark
Egypt
Finland
France
Germany
Greece
Hong Kong
Hungary
India
Iran
Israel
Italy
Japan
Jordan
Kenya
Kuwait
Malawi
Mexico
New Zealand
Nicaragua
Nigeria
Norway
Peru
Portugal
Senegal
Shanghai
Singapore
Slovenia
South Africa
South Arabia
South Korea
Spain
Sweden
Switzerland
Taiwan
Thailand
The Netherlands
The Philippines
Turkey
United Kingdom
Uruguay
United States
Vietnam
Total

13.5 (11.8-15.3)
13.0 (11.7-14.2)
11.5 (8.5-14.4)
10.8 (9.6-11.9)
1.6 (1.2-2.0)
4.1 (3.3-4.8)
5.0 (4.9-5.2)
25.0 (19.4-30.6)
56.8 (46.9-66.8)
6.3 (5.6-7.0)
6.1 (5.5-6.8)
10.1 (9.2-10.9)
5.8 (4.8-6.8)
7.6 (6.7-8.4)
29.8 (20.5-39.0)
4.0 (2.4-5.5)
7.6 (5.0-10.2)
4.0 (2.6-5.5)
7.4 (6.8-8.0)
10.1 (9.3-10.9)
18.3 (14.0-22.6)
1.8 (0.5-3.2)
1.9 (0.9-2.9)
6.3 (1.4-11.2)
4.9 (1.6-8.3)
3.5 (1.1-5.8)
33.3 (26.7-40.0)
2.4 (0.5-4.4)
12.0 (10.5-13.5)
25.1 (19.0-31.3)
6.5 (4.2-8.9)
1.0 (0.0-2.0)
24.5 (20.7-28.3)
8.0 (5.6-10.4)
18.4 (15.9-21.0)
10.3 (9.2-11.4)
5.3 (3.8-6.8)
5.8 (5.2-6.3)
9.9 (9.4-10.4)
12.1 (10.1-14.2)
4.3 (1.9-6.7)
5.6 (4.4-6.7)
7.1 (6.2-8.0)
6.8 (5.9-7.8)
1.0 (0.5-1.6)
2.3 (1.8-2.8)
1.5 (1.3-1.7)
4.1 (2.9-5.3)
9.8 (9.3-10.3)
5.5 (4.6-6.4)
6.3 (6.2-6.4)

(%) (95%CI)

NG: Not given.

respect to the respiratory tract infections, prevalence
averages < 2% have been reported for Cambodia
(1.6%, CI: 1.2-2.0), Kenya (1.8%, CI: 0.5-3.2),
Kuwait (1.9%, CI: 0.9-2.9), Senegal (1.0%, CI:
0.0-2.0) and the Philippines (1.0%, CI: 0.5-1.6). In
contrast, the highest prevalence averages have been
reported for Egypt (56.8%, CI: 46.9-66.8), Hungary
(29.8%, CI: 20.5-39.0) and Nicaragua (33.3%, CI:
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26.7-40.0) (Table 1).
Based on data available for gastrointestinal
infections, countries such as Mexico and Russia have
mostly low endemicity levels (1.3%, CI: 0.0-3.9 and
1.4%, CI: 1.1-1.6 respectively); conversely, high HBoV
prevalence has been reported for Bangladesh (63.0%,
CI: 55.0-77.1), Nigeria (29.2%, CI: 20.1-38.3) and
Tunisia (58.3%, CI: 48.5-68.2) (Table 2).
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Table 2 Prevalence of Human Bocavirus infection in gastrointestinal infections and co-infections worldwide from 2005 to 2016
Country

Number

Number

Prevalence

Number

Number

of studies

of subjects

estimates

of studies

of HBoV+ subjects

(% ) (95%CI)
Albania
Australia
Bangladesh
Brazil
Chile
China
Finland
Germany
Hong Kong
Hungary
Iran
Ireland
Italy
Japan
Mexico
Nepal
Nigeria
Pakistan
Paraguay
Russia
South Korea
Spain
Taiwan
Thailand
Tunisia
Turkey
United Kingdom
United States
Total

1
3
1
5
1
16
3
2
1
1
4
1
2
2
1
1
1
3
1
2
3
1
1
4
1
1
3
2
68

142
890
138
2469
462
8805
2493
338
1600
61
621
155
1291
424
76
96
96
498
349
7031
1640
520
110
848
96
150
12459
640
44498

9.2 (4.4-13.9)
8.5 (6.7-10.4)
63.0 (55.0-71.1)
4.8 (4.0-5.7)
19.3 (15.7-22.9)
6.6 (6.1-7.1)
10.3 (9.1-11.5)
8.3 (5.3-11.2)
6.4 (5.2-7.6)
3.3 (0.0-7.7)
14.2 (11.4-16.9)
7.7 (3.5-11.9)
2.8 (1.9-3.7)
3.8 (2.0-5.6)
1.3 (0.0-3.9)
9.4 (3.5-15.2)
29.2 (20.1-38.3)
10.6 (7.9-13.4)
10.6 (7.4-13.8)
1.4 (1.1-1.6)
3.8 (2.9-4.8)
9.2 (6.7-11.7)
3.6 (0.1-7.1)
3.8 (2.5-5.1)
58.3 (48.5-68.2)
8.7 (4.2-13.2)
5.4 (5.0-5.7)
3.6 (2.2-5.0)
5.9 (5.7-6.1)

Co-infections
estimates
(%) (95%CI)

1
NG
NG
5
NG
8
2
2
NG
NG
1
1
2
2
1
NG
NG
1
1
2
2
1
NG
3
NG
NG
1
NG
36

13
NG
NG
119
NG
380
251
28
NG
NG
16
12
36
16
1
NG
NG
47
37
95
55
48
NG
19
NG
NG
324
NG
1497

23.1 (0.2-46.0)
15.1 (8.7-21.6)
67.4 (62.7-72.1)
32.7 (26.9-38.5)
28.6 (11.8-45.3)
0.0 (0.0-0.0)
100.0 (100.0-100.0)
22.2 (8.6-35.8)
62.5 (38.8-86.2)
100.0 (100.0-100.0)
97.9 (93.7-100.0)
40.5 (24.7-56.4)
49.5 (39.4-59.5)
14.5 (5.2-23.9)
52.1 (38.0-66.2)
57.9 (35.7-80.1)
46.0 (40.6-51.4)
46.7 (44.2-49.2)

NG: Not given.

[100]

The rate of co-infections in subjects with respiratory
infections and HBoV-positivity ranges from 8.3% (CI:
0.0-19.4) to 100% (Table 1); meanwhile, the coinfection ratio is 46.7% (CI: 44.2-49.2) relative to the
gastrointestinal manifestations (Table 2).
The seroprevalence of HBoV is age-related and
ranges from about 40% in children between 18 and 23
mo of age up to virtually 100% in children older than 2
years, with an average of 76.6% in children and 96%
[99,100]
in adults
. A serological survey performed in Italy
and involving 1206 participants was carried out with
the aim of determining the presence of anti-HBoV IgG
antibodies; the study showed a higher seropositive rate
in children of 5-9 years of age (96.4%), with respect
to those of 2-4 years of age (64.2%). Furthermore,
the high seroprevalence observed in infants aged 0-5
mo (73.7%) and in children during the first months
of life (51.4%) is assumed to be related to maternal
[101]
[99]
antibodies . Kantola et al
showed that the HBoVs
infecting humans most frequently were, in descending
order, HBoV1, HBoV2, HBoV3 and HBoV4. A recent
seroprevalence study conducted in Beijing and Nanjing
and involving 1391 samples showed the prevalence
of HBoV1 and HBoV2 to be 73.4% (1021) and 70.5%
[102]
(981) respectively
; the results for HBoV1 were
consistent with previous serological research conducted
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[103]

in Japan (71.1%)
and Jamaica (76.7%) . These
findings indicate a high degree of antigenic cross[102]
reactivity between HBoV1 and HBoV2 .
Conversely, the discrepancy observed in HBoV2
[104]
seroprevalence (70.5% vs 20.4%)
is most likely
due to differences in the methods used; in fact, while
enzyme-linked immunosorbent assay (ELISA) indicate
the exposure rate of accumulated infections, PCR
[102]
results only reveal an on-going infection .

DIAGNOSTICS
For many years, the diagnostic tools available for
identification of the etiological agents associated with
respiratory and gastroenteric diseases have been
limited. At first, the main method to detect HBoV
infections in respiratory and gastrointestinal samples
was represented by a direct tool, namely conventional
[5-7,13,19,61,62,72,80,105-114]
PCR
, which was followed by nested
[8,10,11,33,35,61,67,70,73,81,112,115-117]
and real-time (RT)-PCR
.
PCR techniques enable isolation of viral genome
fragments from NPA, broncho-alveolar, stool, serum
and urine specimens through amplification of NP1, NS1
[9]
or/and the VP1/2 gene regions , or via other nucleic
[118-120]
acid-based detection HBoV diagnosis methods
.
NP1 and NS1 are more conserved than VP1/2, and
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thus are commonly targeted for PCR-based detection
[13,111,121]
of the virus
. RT-PCR has an advantage over
conventional PCR, being more specific and rapid,
but its requirement for higher-cost oligoprobes is
[11]
limiting .
Application of RT-PCR to NP1 and VP1 genes for
the detection of HBoV in swabs, faecal and whole
[11]
blood samples allowed Tozer et al
to achieve clinical
sensitivity of 100% and clinical specificity of 94%
and 93% respectively for the NP1 and VP1 assays.
Subsequently, multiplexing assays were developed
to detect HBoV genotypes in respiratory infections;
these included the commercially available Luminex
RVP (Luminex Molecular Diagnostics, Toronto,
Canada) and RespiFinder (Pathofinder, Maastricht,
[69,122,123]
the Netherlands)
. More recently, sequenceindependent amplification techniques combined
with next-generation sequencing platforms have
been introduced, promising rapid and simultaneous
detection of numerous pathogens. Despite their
current drawbacks (i.e., high cost, labour intensity,
long turnaround time, specific training of personnel,
etc.), as opposed to RT-PCR, these new approaches
can provide more information regarding virus species/
type; hence, they are of interest for virus diagnosis in
[124]
clinical and public health settings .
Serological methods have been developed for
the estimation of HBoV-specific antibodies in serum
samples; western blotting and immunofluorescence are
[104,125]
among those
. ELISA and enzyme immunoassay
(EIA) are reliable qualitative and quantitative serologic
assays used to detect IgG and IgM antibodies and
[99]
IgG affinity
using recombinant VP2 or VLP capsid
[126]
proteins ; the latter, for example, is produced by an
insect cell line infected with a baculovirus vector and
subsequently used to produce rabbit anti-HBoV antisera
[127,128]
that is applied to develop an ELISA test
. The IgG
avidity test allows distinguishment between primary and
secondary infections or immune-activations with high
[129]
diagnostic specificity
. Recent data have indicated
that children with pre-existing HBoV2 immunity
show cross-reactivity with HBoV1, which presents
a paradigm of the hypothesized Original Antigenic
[130]
Sin phenomenon
. The few available serological
studies to date have mainly addressed epidemiologic
[97,101,103,125,127,131]
issues
; however, considering that
human bocaviruses are highly prevalent agents that
can establish persistent infections, interpretation
of the serological tests in the context of the clinical
situation may be just as complicated as using the PCR
[126]
results .
[132]
Notably, Zaghloul
determined the presence of
HBoV in children via qualitative PCR detection of NPA
and ELISA estimation of IgM antibodies in serum. Both
assays were highly sensitive and specific; however, the
ELISA had lower sensitivity than the PCR (81.8% vs
100%) but higher specificity (100% vs 78%).
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CONCLUSION AND FUTURE CHALLENGE
Based on the current data, the pathogenic roles of
the various HBoV genotypes in respiratory tract illness
and gastrointestinal infections remain unresolved. It is
possible that the virus may be both a passenger and
a causative pathogen of acute respiratory tract and
gastrointestinal diseases. The conflicting ideas on this
pathogenic role mainly come from the fact that the
Koch’s revised postulates cannot be applied to HBoV,
because neither an effective method for virus culture
nor an animal model of infection is available in practice
to date. Moreover, several studies have indicated that
HBoV requires the presence of other agents to carry
out the infection.
Recent studies have demonstrated that HBoV1
infection of HAE-ALI induces a DNA damage response
[68]
that facilitates viral genome amplification . None
theless, further research to develop cell lines and
animal models suitable for viral replication is needed
in order to obtain more evidence to better understand
the natural course of HBoV infection. In this respect,
simpler culturing methods and infectious clones should
be made available, since HBoV genomic analysis is
[38]
difficult just for this reason .
In spite of a relatively substantial amount of
knowledge on the molecular basis of the HBoV life
cycle, the function of several HBoV proteins still
requires further investigation. For instance, only
recently were three novel small NS proteins (NS2, NS3
and NS4) identified; among these, only one NS protein
is critical to the replication of the virus in polarized
[49]
human bronchial airway epithelium . The role of the
other proteins remains rather uncertain.
Most of the studies to date have been performed
on the HBoV1 genotype, whereas little information
is available about the other agents. Notably, the
presence of HBoV2, HBoV3 and HBoV4 in the
respiratory tract should be further investigated, as well
as their phylogenetic relationships. Our phylogenetic
[3,4]
analysis suggests, as shown by other authors , that
HBoV3 may result from the recombination of HBoV1
and HBoV2; but, it may also be a hybrid of HBoV1,
[133]
with a common ancestor of HBoV2 and HBoV4
.
In this respect, it would be appropriate for the future
studies to test more, and simultaneously, (possibly all)
genotypes and genes.
HBoV subtypes have been found worldwide, without
any regional, geographic or border restrictions. HBoV1
is associated with paediatric respiratory illness but also
[6,134]
with gastrointestinal symptoms
. HBoV2, HBoV3 and
HBoV4 are more frequently detected in stool samples
[4,107,135]
and seem to be enteric
. Moreover, the most
typical age for HBoV infection is < 2-years-old; only
[12]
rarely has it been found in adults and the elderly .
In this respect, clinical studies would be useful to
characterize disease pathogenesis and to understand
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immunity in the various populations represented by
infants, the elderly or immunocompromised individuals
responding to HBoV infection.
There is also a need to optimize commercial
diagnostic reagents and methods for HBoV identification.
Overall, HBoV detection is mainly performed via
[10]
molecular techniques (i.e., PCR and RT-PCR) ; only
rarely is it done with serological methods (i.e., ELISA,
EIA, Western blotting and immunofluorescence), due
[99,103,125,126]
to the lack of commercial kits
. Furthermore,
developing new sequence-independent amplification
techniques combined with next generation sequencing
platforms is worthy to achieve rapid and simultaneous
[124]
detection of numerous pathogens .
Finally, were the pathogenic role of HBoV to be
confirmed, the development of an effective vaccine to
control the spread of infection should be of primary
importance. With the hope of achieving this goal, many
studies have been performed on the HBoV viral capsid
proteins. Previous research studies have confirmed
that VLPs can be used as safe and effective vaccines.
Recently, in vitro studies have demonstrated that HBoV
VP2 VLPs have good immunogenicity and studies in
mice have shown they can induce strong humoral and
cellular immune responses, indicating their promise as
[136]
candidate proteins for HBoV vaccine
. Newer data
suggest that the creation of non-replicating infectious
HBoV1 mutants may represent a new approach for
[49]
HBoV vaccine development .
In conclusion, a better understanding of the
natural course of HBoV infection, the implementation
of experimental systems to analyse the replication
cycle in more detail and the development of specific
therapies are important and urgent needs.
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Abstract
Clinical studies have indicated that circulating bile acid
(BA) concentrations increase following bariatric surgery,
especially following malabsorptive procedures such as
Roux-en-Y gastric bypasses (RYGB). Moreover, total
circulating BA concentrations in patients following
RYGB are positively correlated with serum glucagonlike peptide-1 concentrations and inversely correlated
with postprandial glucose concentrations. Overall,
these data suggest that the increased circulating BA
concentrations following bariatric surgery - independently
of calorie restriction and body-weight loss - could
contribute, at least in part, to improvements in insulin
sensitivity, incretin hormone secretion, and postprandial
glycemia, leading to the remission of type-2 diabetes
(T2DM). In humans, the primary and secondary BA
pool size is dependent on the rate of biosynthesis
and the enterohepatic circulation of BAs, as well as
on the gut microbiota, which play a crucial role in BA
biotransformation. Moreover, BAs and gut microbiota
are closely integrated and affect each other. Thus,
the alterations in bile flow that result from anatomical
changes caused by bariatric surgery and changes in gut
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where it was compared to an intensive course of the
[9,10]
conventional treatment
. Very recently, the “Joint
Statement by International Diabetes Organizations”
regarding the role of bariatric (metabolic) surgery in
[11]
the Treatment Algorithm for T2DM was published .
The general conclusion of the statement is that
bariatric (metabolic) surgery should be recommended
for the treatment of patients with TMD2 and obesity.
Moreover, in news published recently in the British
[12]
Medical Journal , it is suggested that bariatric surgery
“(…) is a highly cost effective therapy for patients with
T2DM (…)”.
Roux-en-Y gastric bypass (RYGB), a commonly
used bariatric procedure, creates a small pouch in
the stomach and connects it to the proximal jejunum
to form the Roux limb, which is anastomosed to the
duodenal limb, forming a Y configuration (Figure 1B).
The anatomical changes resulting from RYGB (namely
the exclusion of a long section of the small intestine
from the passage of food) encourage bile to reach
the distal intestine in relatively high concentrations
(because the excreted bile has not mixed with ingested
food). These events are frequently associated with:
(1) body mass loss and improvement in associated
disorders, including T2DM; (2) modification of secretion
and action of some gut hormones and peptides,
[13-15]
including incretin hormones
; (3) an increase in
[14-16]
circulating bile acid (BA) concentrations
; and (4)
[14,17-20]
alterations in gut microbiota
. The alterations
in gut microbiota, which play a crucial role in the
conversion of primary BAs to secondary BAs, indirectly
activate (or do not activate) nuclear and membrane
receptors via modification of the structure of BAs, and
[21]
may thus influence human glucose metabolism .
It is generally believed that the improved glycemic
control following RYGB, besides body weight loss
and calorie restriction, can be the consequence of an
increase in hepatic and peripheral insulin sensitivity, as
well as of the increase in postprandial insulin secretion
as a result of increased glucagon-like peptide-1 (GLP-1)
[13]
secretion . Some data suggest that body mass
loss is an important determinant of T2DM remission
[22]
one year following RYGB . Other data indicate that
changes in glycemic control following RYGB are mainly
mediated by caloric restriction, but not by increased
[15]
energy expenditure . Since the improvement in
glucose metabolism consequent on bariatric surgery
is observed earlier than body mass loss, it is likely
that the beneficial effect of RYGB (or other types of
bariatric surgery) is at least in part independent of
calorie restriction and body mass loss. So far, several
mechanisms independent of body-mass loss for
the improvement of glucose metabolism following
[16]
bariatric surgery have been discussed . However, the
underlying mechanism of the action of bariatric surgery
on glycemic control has not been fully elucidated.
Emerging evidence indicates that the increase in
circulating bile acids and intestinal microbiota (via
modification of the chemical structure and subsequently

microbiome may influence circulating BA concentrations
and could subsequently contribute to T2DM remission
following RYGB. Research data coming largely from
animal and cell culture models suggest that BAs can
contribute, via nuclear farnezoid X receptor (FXR) and
membrane G-protein-receptor (TGR-5), to beneficial
effects on glucose metabolism. It is therefore likely
that FXR, TGR-5, and BAs play a similar role in glucose
metabolism following bariatric surgery in humans. The
objective of this review is to discuss in detail the results of
published studies that show how bariatric surgery affects
glucose metabolism and subsequently T2DM remission.
Key words: Bariatric surgery; Type-2 diabetes; Bile acids;
RXR; TGR-5; Gut microbiota; Roux-en-Y gastric bypasses
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Emerging evidence suggests that increased
concentrations of circulating bile acids could, through
their interaction with membrane (TGR-5) and nuclear
(FXR) receptors, significantly contribute to improved
glucose metabolism following bariatric surgery.
This review presents information on the potential
mechanism of bile acids on the remission of type-2
diabetes following bariatric surgery.
Kaska L, Sledzinski T, Chomiczewska A, Dettlaff-Pokora
A, Swierczynski J. Improved glucose metabolism following
bariatric surgery is associated with increased circulating bile acid
concentrations and remodeling of the gut microbiome. World J
Gastroenterol 2016; 22(39): 8698-8719 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i39/8698.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i39.8698

INTRODUCTION
The number of overweight and obese individuals
increased worldwide by approximately 28% between
[1]
1980 and 2013 . Obesity is caused by many factors,
such as lifestyle habits including physical activity,
exposition to environmental factors, genetic and
epigenetic factors, and hormones and gut microbiota,
and is characterized by excessive fat accumulation
and the development of several diseases, including
type-2 diabetes (T2DM), which is a major public health
[2-6]
problem at present . However, the primary inducer
of obesity and its associated disorders is inappropriate
food intake, especially of food containing high amounts
[7]
of fat and carbohydrates .
Bariatric surgery, which is currently the most
effective treatment for obesity and its associated
disorders, provides long-term control of T2DM in
approximately 80% of patients, while the conventional
[8]
therapy has never been as effective . The supremacy
of the bariatric procedure in T2DM therapy has
been confirmed by independent randomized trials
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Figure 1 Anatomical changes in gastrointestinal tract resulting from: sleeve gastrectomy (A), Roux-en-Y gastric bypass - distal/scopinarized (B), Roux en
Y gastric bypass - long limb (C).

the biological activities of BAs) may play an important
role in the improvement of glucose metabolism
[16,23-27]
following bariatric surgery
. It should be em
phasized that restrictive bariatric procedures, such as
sleeve gastrectomy and gastric banding, which have
no effect or less effect on circulating BA concentrations,
display less influence on T2DM remission. On the other
hand, after malabsorptive procedures such as RYGB,
significant increases in circulating BA concentrations and
a simultaneous improvement of glucose metabolism
[14,28-30]
have frequently been observed
. Some authors
have suggested that circulating BA concentrations
increase following RYGB, independently of caloric
[31]
restriction .
In summary, there are several clinical indications
that an increase in gut, and subsequently in circulating,
BA concentrations can occur following bariatric surgery
(especially after malabsorptive procedures). In turn,
BAs may play an important role in the improvement
of glucose metabolism, via their binding to the nuclear
or membrane receptors present in many organs,
including the intestine, liver, pancreas, adipose tissue,
[32-35]
and skeletal muscle
. The clinical observations
were confirmed by animal studies indicating that:
(1) RYGB contributes to increases in total circulating
[36]
BAs in rats ; and (2) farnezoid X receptors (FXR)
- one of the types of nuclear receptor activated
by BAs - may be involved in improving glycemic
control following bariatric surgery. For instance, in
FXR knockout mice, the ability of bariatric surgery to
[37]
improve glucose tolerance was significantly reduced .
Moreover, it has been shown that the administration
of BAs to mice increases energy expenditure via the
membrane G-protein - receptor (TGR-5) signaling
[38]
pathway, preventing insulin resistance . Moreover,
the antidiabetic effect of agonists of TGR-5 other
than BAs (for instance, oleanolic acid) in mice was
[39]
also observed . It is therefore likely that BAs and
the nuclear and membrane receptors activated by

WJG|www.wjgnet.com

BAs could play an important role in the regulation
of glucose metabolism, and subsequently in T2DM
remission in humans following bariatric surgery.
However, caution needs to be taken when translating
[36]
animal results to humans .
[16]
In recently published elegant review Penney et al
summarized the results regarding the role of BA and
FXR and TGR-5 receptors in: (1) regulation of BA, lipid
and energy metabolism; (2) glucose homeostasis; (3)
incretin and other gut satiety hormones production;
and (4) endoplasmic reticulum stress following bariatric
surgery. The goal of this review is to focus on (1) BAs
biosynthesis in liver; (2) BAs biotransformation in gut
and enterohepatic circulation; and (3) the potential
role of increased circulating BA concentrations and
alterations of gut microbiota in improvement of glucose
metabolism and subsequently in T2DM remission
following bariatric surgery. In other words, this review
offer a deeper understanding of the effect of bariatric
surgery on T2DM remission.

EFFECT OF BARIATRIC SURGERY
ON T2DM REMISSION: RESTRICTIVE
PROCEDURES ARE LESS EFFECTIVE
THAN MALABSORPTIVE PROCEDURES
As mentioned above, RYGB ameliorates most obesity
[40]
related diseases, including T2DM . As far as the
remission of T2DM is concerned, biliopancreatic
diversion with duodenal switch (BPD-DS)-a procedure
where the longer intestinal limb is excluded from the
alimentary passage - and transiting concentrated
bile provided better results than RYGB, a procedure
[41]
with markedly shorter biliary limbs (Figure 1) . In
turn, BPD-DS and RYGB are associated with a higher
efficiency of T2DM remission than sleeve gastrectomy
(SG), where no biliary exclusion is performed
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[42]

(Figure 1A) . Several papers have indicated that
improvements in insulin sensitivity were observed
early after the surgery when the duodeno-jejunal
exclusion is performed and cannot be only dependent
[43-46]
on body mass loss
. Some authors have reported
that the homeostatic model assessment of insulin
resistance (HOMA-IR) had significantly improved even
[47-50]
as soon as a few days after the gastric bypass
.
Moreover, One Anastomosis Gastric Bypass (OAGB),
where the concentrated bile transit is more than
doubled in comparison to standard RYGB, provides
[47]
greater improvement in HOMA-IR . The reduction
of the HOMA-IR value after SG is not as spectacular
as observed following BPD-DS and RYGB, and is
associated rather with the extreme caloric restriction
[47]
resulting from the surgery .
The data suggest that the concentrated bile transit
in the excluded jejunum, and the subsequently
enhanced circulating concentrations of BAs, may play
an important role in metabolic improvement following
bariatric procedures. The mechanisms triggered
by the altered digestive tract anatomy after the
separation of the intestinal section from the alimentary
passage are recognized as a key factor in foregut
[51]
theory . An overview of the anatomical changes in
the gastrointestinal tract caused by various types of
bariatric surgery is presented in Figure 1.
The effectiveness of gastric bypass in managing
patients with type-1 diabetes mellitus or patients
with low concentrations of C-peptide (below 1 ng/mL)
[52,53]
has also been reported
. Significant reductions in
exogenous insulin administration have been observed
shortly following the operation in the studied patients.
Overall, the clinical data reviewed above support
the idea that bariatric surgery, especially malabsorptive
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procedures, could be used in the treatment of both
T1DM and T2DM.

ROLE OF THE LIVER IN PRIMARY
BILE ACID BIOSYNTHESIS AND
ENTEROHEPATIC BILE ACID
CIRCULATION
In healthy subjects, cholic acid (CA) and chenode
oxycholic acid (CDCA) are the primary BAs synthesized
from cholesterol mainly via the classic (or neutral)
pathway in the liver endoplasmic reticulum. This
pathway accounts for more than 90% of the total
[54]
BA synthesis under physiological conditions .
Cholesterol in the presence of NADPH and O2 is
converted to 7α-hydroxycholesterol by cytochrome P450
7α-hydroxylase (CYP7A1, encoded by CYP7A1), the
rate limiting enzyme in both CA and CDCA biosynthesis
(Figure 2). CYP7A1 is under negative feedback
[55]
regulation by BAs, via BAs binding to FXR . On the
other hand, liver X receptor is involved in a feedforward regulation of CYP7A1 dependent on oxysterol,
which is formed from cholesterol (Figure 2). The
7α-hydroxycholesterol thus formed is then converted
5
by 3β-hydroxy-∆ -C27 steroid oxidoreductase (which
5
4
isomerizes the ∆ bond to the ∆ position and oxidizes
the 3β-OH to a 3-oxo group) to 4-cholesten-7α-ol3-one, a precursor of both CA and CDCA (Figure
3A). In contrast to CDCA synthesis, CA requires the
introduction of a hydroxyl group (OH group) in position
12α on the steroid skeleton. Therefore, 4-cholesten7α-ol-3-one is hydroxylated to 4-cholesten-7α,
12α-diol-3-one by 12α hydroxylase (CYP8B1, encoded
by CYP8B1). Recently, it has been found that BA-
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activated FXR increases the levels of MAFG (a product
of the Mafg gene), which in turn inhibits CYP8B1 in
[56]
mice . Moreover, it has been shown that MAFG has
no effect on CYP7A1. This suggests that MAFG may
regulate the CDCA:CA ratio (and subsequently BA
composition), and thus the hydrophobicity of BAs
(by inhibiting CA synthesis without affecting CDCA
[56]
synthesis), though not the BA pool size . All the later
steps in the formation of BAs, such as the conversion
of 4-cholesten-7α-ol-3-one to chenodeoxycholylCoA or 4-cholesten-7α, 12α-diol-3-one to cholyl-CoA,
are catalyzed by the same enzymes that are present
in the hepatocytes (Figure 3B). Note that Figure
3B shows the pathway of cholyl-CoA biosynthesis.
Biosynthesis of chenodeoxycholyl-CoA (which, unlike
CA, does not contain a 12-OH group) takes place in
the same manner and is catalyzed by the same liver
enzymes (not shown). An alternative pathway (the
acidic pathway) also begins in the hepatocytes with
the mitochondrial 27-hydroxylation of cholesterol,
catalyzed by CYP27A1 (encoded by CYP27A1) (not
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shown). Moreover, the mitochondrial 27-hydroxylation
of cholesterol may additionally occur in extrahepatic
[57]
tissue . The conversion of cholesterol to BAs can
also begin with 25-hydroxylation or 24-hydroxylation
[58]
of cholesterol in extrahepatic tissue , though these
pathway are probably responsible for less than 1%
of the total production of BAs. 27-OH-cholesterol,
25-OH-cholesterol, and 24-OH-cholesterol are then
hydroxylated by specific hydroxylases (CYP7B1 in
the case of 27-OH-cholesterol, 25-OH-cholesterol
or CYP39A1 or CYP7A1 in the case of 24-OH[58,59]
cholesterol)
. Regardless of the initial hydroxylation
of cholesterol, all the later steps in the biosynthesis
of BAs occur in the liver, according to the scheme
presented in detail in Figure 3B.
Most BAs, once formed, are immediately con
jugated to glycine or taurine in liver peroxisomes,
as illustrated in Figure 4. For example, Figure 4
shows the conversion of cholyl-CoA to glycocholic
acid or taurocholic acid (TCA). The conversion of
chenodeoxycholyl-CoA to glycochenodeoxycholic acid
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(GCDCA) or taurochenodeoxycholic acid (TCDCA)
proceeds in the same manner (not shown). It is worth
noting that conjugation changes the ability of BA to
activate nuclear and membrane receptors. Primary
BAs preferentially activate FXR, whereas TGR-5 is
[60]
principally activated by secondary BAs .
BAs conjugated with taurine or glycine in the
hepatocytes are excreted from the liver, chiefly via bile
salts export proteins (BSEP) present at the canalicular
membrane of the hepatocytes to canaliculi and then,
via hepatic ducts, to the gallbladder, where the bile
is concentrated during interdigestive periods before
being released into the duodenum (Figure 5). Meals,
especially those containing dietary fat, stimulate
intestinal cells to secrete cholecystokinin, which in turn
promotes the contraction of the gallbladder, facilitating
the secretion of bile salts into the duodenum via the
common bile duct (Figure 5). More than 95% of bile
salts are reabsorbed by the intestinal cells (ileocytes)
via apical sodium-dependent BA transporter (ASBT),
[61]
also called ileal BA transporter (IBAT) , or through
passive diffusion, mostly in the upper small intestine
[62,63]
and colon
(Figure 5). In intestinal cells, BAs are
transdiffused across the ileocytes or are bound to
I-BABP (ileocyte BA-binding protein), also known as
FABP6 (fatty-acid binding protein 6). The binding of
BAs to I-BABP facilitates the transport of BAs across
ileocytes. Interestingly, some BAs (such as TCA)
increase I-BABP levels through activation of FXR
and the subsequent stimulation of expression of the
gene encoding I-BABP, suggesting that this protein
plays an important role in regulation of enterohepatic
[64]
BA circulation . BA efflux from intestinal cells is
mediated via organic solute transporters α and
β (OSTα and OSTβ heterodimers) located in the
[54]
basolateral membrane of intestinal cells
(Figure
5). The reabsorbed BAs enter portal circulation and
+
are transported back to the liver (hepatocytes). Na taurocholate cotransport peptide and the organic
anion transporting proteins, located in basolateral
membrane of the hepatocyte, are responsible
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for sodium dependent uptake of conjugated and
[33,54]
unconjugated BAs, respectively
. Figure 5 presents
an overview of enterohepatic BA circulation. Some
data suggest that the altered enterohepatic circulation
of BAs could contribute to improved insulin sensitivity
and cholesterol metabolism following biliopancreatic
[65]
diversion .
After intestinal absorption and the return to
the enterohepatic circulation, the conjugated and
unconjugated BAs in the hepatocytes can undergo:
(1) conversion to the corresponding CoA esters (CA
to cholyl-CoA and CDCA to chenodeoxycholyl-CoA) by
bile acid-CoA synthase (BACS; also called bile acidCoA ligase, BACL) followed by reconjugation with
glycine or taurine catalyzed by bile acid-CoA:amino
acid N-acyltransferase, as presented in Figure 4 (only
unconjugated BAs); (2) re-epimerization (conversion
of the 3β-OH form to the 3α-OH form); (3) reduction
(conversion of the O = form to the OH form); and
(4) 7α-hydroxylation (in some species, though not
[66]
in humans) . It should be emphasized that the
enterohepatic circulation of BAs is regulated by BAactivated FXR, which influences the levels of BSEP,
[67]
ASBT, and IBBAP .

ROLE OF INTESTINAL MICROBIOTA IN
SECONDARY BILE ACID PRODUCTIONINTERACTIONS BETWEEN BILE ACIDS
AND INTESTINAL MICROBIOTA
Approximately 5% of bile salts (bile acids conjugated
with glycine or taurine) escape enterohepatic
circulation and undergo biotransformation to secondary
BAs by intestinal microbiota enzymes. CA is converted
to deoxycholic acid (DCA) and CDCA to litocholic
[68]
(LCA) . In healthy adults, the daily fecal loss of BAs
amounts to 0.4-0.8 g, which is replenished by de novo
BA biosynthesis (that is, conversion of cholesterol to
BAs) in the liver, as described above and presented in
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[73]

Figures 2 and 3.
It is worth noting that the human intestine is
[69]
colonized by about 100 trillion microbial cells , whose
[70]
total biomass is approximately 1 kg . The majority
of gut microbiota are considered to be commensals,
as they play important symbiotic roles, including: (1)
the degradation of nondigested polysaccharides to
[71]
short-chain fatty acids ; (2) the production of some
[72]
vitamins (B and K) ; and (3) BA biotransformation.
Six bacterial phyla-Firmicutes, Bacteroidetes,
Proteobacteria, Actinobacteria, Fusobacteria, and
Verrucomicrobia-dominate in the gut of adult healthy
human. Firmicutes and Bacteroidetes together can
constitute over 90% of the microbiota, whereas the
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other phyla range between 2% and 10% . The
composition and activity of the gut microbiota is
affected by energetic substrate availability and the
physicochemical conditions in the alimentary tract.
Substrates required by gut bacteria come from food
ingested by host. The host also provides mucins,
desquamated cells, and digestive enzymes, which
can be used by gut bacteria, as well as BAs, which
influence bacterial growth and are metabolized (undergo
biotransformation) by bacteria. Gut microbial changes
in response to any intervention-for example anatomical
[19,36]
changes caused by bariatric surgery
or antibiotic
[74]
treatment -may also affect BA biotransformation. In
other words, it may be supposed that changes in gut
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Table 1 Abundance of bacterial species in various sections of
the human intestine

Table 2 Composition of human biliary and fecal bile acids
Bile acids

Intestine
Small intestine
Duodenum

Abundance of Bacteria

Bacteria

About 103 (bacteria/mL)

Lactobacillus1
Streptococcus2
Lactobacillus1
Streptococcus2
Staphylococcus
Veillonella2
Enterobacteri1
Enterococcus1
Bacteroides1,2
Clostridium1,2
Lactobacillus1
Veillonella
Bacteroides1,2
Eubacterium2
Bifidobacterium1
Ruminococcus
Peptostreptococcus
Propionibacterium
Clostridium1,2
Lactobacillus1
Escherichia
Streptococcus2
Methanobrevibacter

4

Jejunum

About 10 (bacteria/mL)

106-108 (bacteria/mL)

Ileum

Large intestine

About 1011 (bacteria/g)

Cholic acid (CA)
Chenodeoxycholic acid (CDCA)
Deoxycholic acid (DCA)
Ursodeoxycholic acid (UDCA)
Lithocholic acid (LCA)
12-oxo-Lithocholic acid (12-oxo-LCA)
Other

35%
35%
25%
2%
1%
2%

2%
2%
34%
2%
29%
3%
28%

Table shows percentage of both conjugated and unconjugated bile acids.
Based on data presented in[68].

predominate in human feces (Table 2)-is considered
the most quantitatively important biotransformation
[78]
process of BAs . This process is carried out by only
a few strains of human intestinal bacteria, including
Bacteroides, Clostridium, Streptococcus fecalis, and
[78]
Veillonella . Theoretically, dehydroxylation can take
place also in the small intestine, since bacteria capable
of performing such activities (dehydroxylation of CA)
are found there (Table 1).
The oxidation and epimerization of the C-3,
C-7, or C-12 hydroxy groups of BAs are catalyzed
by α-hydroxysteroid dehydrogenases (α-HSDH) or
β-HSDH, which are also present in gut bacteria.
It is worth noting that bile (especially the BAs
it contains) significantly affects the survival and,
subsequently the colonization, of some intestinal
[80]
bacteria, especially in the small intestine . Several
mechanisms have been proposed for the direct
antimicrobial action of BAs namely: (1) the interaction
of BAs with bacterial membrane (where the BAs
simply act as detergents); (2) acidification of bacterial
cytoplasm; (3) bacterial DNA damage; and (4)
[66]
alterations in bacterial proteins . Studies with mice
lacking FXR suggest that, besides direct antimicrobial
action, BAs have indirect effects through FXR-induced
[81]
antimicrobial peptide synthesis in the intestine .
Interestingly, Gram-positive bacteria are more sensitive
to the deleterious effects of BAs than are Gram[77]
negative bacteria . It is worth noting that the gut
bacteria benefit from metabolizing BAs. For instance,
in catalyzing the deconjugation of BAs, gut bacteria
[82]
can use glycine or taurine for their own metabolism .
Additionally, gut bacteria use BAs as sinks for the disposal
[82]
of electrons liberated during bacterial fermentation .
The results discussed above indicate that BA pool
size is controlled through 3 processes: (1) regulation of
BA biosynthesis in the human liver; (2) enterohepatic
circulation; and (3) the involvement of intestinal
[54]
microbiota in the biotransformation of BAs . As a
result of their antimicrobial activity, BAs can affect the
[54,83,84]
abundance and composition of gut microbiota
.
This means that BAs and gut microbiota are closely
integrated and affect each other: bile affects the

1

Bacteria displaying bile salt hydrolase (BSH) activity; 2Bacteria capable of
catalyzing 7α-dehydroxylation. Based on data presented in[68].

microbiota composition can influence the composition
and concentrations of circulating BAs, which in turn
can affect obesity and related disorders. However, it
remains to be clarified further how bariatric surgery
(and other treatments) modulates the gut microbiota
towards a beneficial or harmful composition.
BA biotransformation occurs mainly in the large
intestine, which is rich in bacteria (Table 1). Intestinal
biotransformation is a very complex process involving
several reactions, including: (1) removal of the glycine
or taurine side chain, a process commonly known as
the deconjugation of BAs; (2) 7α-dehydroxylation
(removal of OH group at C-7α); (3) oxidation and
epimerization of the C-3, C-7, or C-12 OH groups of
BAs; (4) reduction of steroid skeleton (insertion of H
into steroid structure); and (5) hydroxylation of BAs
[68,75-78]
(insertion of an OH group)
.
Bile salt deconjugation is catalyzed by bile salt
hydrolase (BSH) (Figure 6). This enzyme is present in
various gut bacteria including: Clostridium, Bacteroides,
Lactobacillus, Bifidobacterium, and Enterococcus (Table
[77]
1) . In theory, deconjugation can begin in the small
intestine, since bacteria displaying BSH activity are
found there, though only in small numbers (Table 1).
It is worth noting that deconjugated BAs are highly
insoluble, toxic compounds and are excreted more
[79]
rapidly than conjugated BAs .
The 7α-dehydroxylation contributes to the conversion
of CA and CDCA to DCA and LCA, respectively. The
formation of DCA and LCA - the secondary BAs that
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growth and colonization of bacteria in the intestine,
while bacteria contribute to the biotransformation
of BAs. Theoretically, in pathological conditions,
perturbations in the equilibrium between BA pool size
and gut microbiota could occur. An intriguing example
of such perturbation might be the state after bariatric
surgery, when the gut contains more concentrated
bile, which may affect the survival and subsequently
the colonization of some gut bacteria, especially
those involved in BA biotransformation and shortchain fatty acid production. As energetic substrates for
colonocytes, short-chain fatty acids play an important
[85]
role in maintaining intestinal barrier permeability .

following bariatric surgery are related to shortchain fatty acid production (mainly of butyrate
[19]
and propionate) , which can influence glucose
[95,105]
metabolism independently of BAs
. Moreover, it
has been reported that changes in short-chain fatty
acid biosynthesis by gut bacteria following RYGB
[106]
may promote GLP-1 secretion
. It has recently
been shown that the increased production of acetate
by gut microbiota in rodents leads to activation
of the parasympathetic nervous system, which in
[107]
turn promotes insulin secretion
. Thus, it is not
impossible that changes in gut microbiota following
bariatric surgery, together with the subsequent
changes in short-chain fatty acid production in the gut,
could affect glucose metabolism independently or in
combination with BAs. However, further studies are
needed to confirm this supposition.

EFFECT OF BARIATRIC SURGERY ON
INTESTINE MICROBIOTA ABUNDANCE
AND COMPOSITION

BILE ACIDS: LIGANDS FOR MEMBRANE
AND NUCLEAR RECEPTORS INVOLVED
IN THE REGULATION OF GLUCOSE
METABOLISM

Gut microbiota is now considered an important factor
[86,87]
affecting human health
. It is known that gut
microbial composition is significantly altered in obese
[88]
subjects, as compared to lean controls . Using 16S
rRNA to quantitatively identify bacteria, it has been
shown that obesity is associated with a decrease in the
[88-90]
relative abundance of Bacteroidetes vs Firmicutes
.
Some data suggest that gut microbiota may play some
[91-93]
role in the development of obesity
and obesity[93,94]
[95,96]
related diseases
, including T2DM
. In mice,
gut microbiota composition changes significantly in
[97]
response to dietary changes .
Several papers have pointed to significant changes
in gut microbiota abundance and composition in
humans and animal models as a possible beneficial
[17,20,98-102]
effect of bariatric surgery
. Moreover, following
bariatric surgery, an association has been reported
between increased circulating BA concentrations and
[19]
changes in gut microbial composition . Altogether,
the data discussed above suggest that changes in
intestinal microbiota-possibly through the effects on
BA pool size and primary:secondary BA ratio - may
contribute to the beneficial effects of bariatric surgery
[103,104]
on glucose metabolism
. However further studies
are necessary to confirm this suggestion. Changes in
gut microbiota following bariatric surgery were also
seen to be closely linked to improvements in diabetic
[14,17-20]
parameters and body mass loss
.
It is worth noting that changes in gut microbiota
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For many years, BAs were considered to be involved
in (1) the digestion and absorption of dietary lipids
(including fat-soluble vitamins); (2) cholesterol
solubilization in gallbladder bile; (3) excretion of
cholesterol (following cholesterol conversion to BAs)
from the human body; and (4) regulation of survival,
and subsequently colonization, of some gut bacteria.
BAs circulating in the blood are now considered to be
important regulatory molecules which, via binding
to membrane or nuclear receptors, contribute to the
homeostasis of carbohydrates and lipids. BAs also have
[108]
effects on the immune system
and the apoptosis
[109]
of colonic epithelial cells . The main BAs detected in
[110]
human serum are presented in Table 3 .
It is worth noting that ursodeoxycholic acid
(UDCA) is also used as a drug for cholesterol gallstone
[111,112]
dissolution therapy
and for treating patients
[113]
with primary biliary cirrhosis
. It has recently been
reported that the treatment of patients with UDCA
significantly decreases gallstone formation following
[114]
sleeve gastrectomy
. Moreover, the issue of using
BA analogs as drugs in the treatment of NAFLD and
[115]
NASH has also been discussed .
The known nuclear receptors activated by BAs
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[122]

signaling pathway
. Accordingly, the agonists of
[123]
FXR decrease blood glucose concentrations . Some
authors suggest that BAs contribute to post-RYGB
hypoglycemia, which sometimes occurs after bariatric
[124]
surgery .
In mice, BAs bind to FXR in pancreatic β-cells and
[125]
thus stimulate insulin secretion (Figure 7B)
. FXR
knockout in mice leads to impaired glucose tolerance
[126]
and insulin sensitivity . The activation of FXR in the
liver and gallbladder is associated with the regulation
of BA synthesis and excretion, respectively.
Apart from nuclear receptors, BAs (secondary
BAs are preferential ligands) can bind to membrane,
G-protein coupled receptors such as TGR-5 (TakedaG-protein-receptor, also known as G-protein-coupled
bile acid receptor 1, GPBAR1), muscarine receptor
(M3R), and sphingosine 1-phosphate receptor-2
(S1PR2), as well as epidermal growth factor receptor
(EGFR), which belongs to the ErbB family of tyrosine
[21,108,115,127,128]
kinase receptors
. The organ and tissue
localizations of these nuclear and membrane receptors
are presented in Figure 8.
As far as glucose metabolism is concerned, it seems
that the activation of TGR-5 by BAs also plays an
important role in the regulation of circulating glucose
[123]
concentrations (Figure 7B)
. Taurolithocholic acid
and LCA activate TGR-5 in nanomolar concentrations,
which suggests that they are physiological ligands
of this receptor. TGR5 is expressed in many organs
including pancreatic β-cells, endocrine small intestine
cells, the thyroid gland, the gallbladder, the liver,
brown adipose tissue (BAT), cardiomyocytes, and
[108,129,130]
macrophages
. Recent studies have shown that
tauroursodeoxycholic acid (TUDCA) increases glucoseinduced insulin secretion via the cAMP/PKA pathway
in pancreatic cells and that TGR-5 is likely involved in
[131]
this process (Figure 7B) . Interestingly, this process
is not associated with changes in glucose metabolism
[131]
in pancreatic β-cells
. It may thus be supposed
that the activation of both TGR-5 and FXR (discussed
above) in pancreatic β-cells by BAs contributes to
[46]
hyperinsulinemia developing late after RYGB .
Moreover, TGR-5 has been found in the brain, where it
[132]
functions as a neurosteroid receptor
. Considering
that TGR-5 is present in the brain and that BAs cross
the blood-brain barrier, it may be supposed that
activation of brain TGR-5 by BAs can also contribute to
the beneficial effects of bariatric surgery.
The activation of TGR-5 in skeletal muscle cells (and
BAT) leads to the induction of the cAMP-dependent
signaling pathway, which results in increased energy
[38,123,133]
expenditure (Figure 7B)
. The potency of BAs in
[21]
activating TGR-5 is as follows: DCA>LCA>CDCA>CA .
In the intestine, the activation of TGR-5 by endocrine
[134]
L cells (and by BAs
) leads to increased secretion
of GLP-1 - an incretin hormone that increases the
insulin secretion by pancreatic β-cells and inhibits the
[123,133,135]
secretion of glucagon by pancreatic α-cells
,
thus affecting blood glucose concentration (Figure 7C).

Table 3 Bile acids present in human serum. Based on data
[110]
presented in
Primary bile acids

Secondary bile acids

Cholic acid (CA)
Lithocholic acid (LCA)
Chenodeoxycholic acid (CDCA)
Deoxycholic acid (DCA)
Glycocholic acid (GCA)
Ursodeoxycholic acid (UDCA)
Glycochenodeoxycholic acid (GCDCA) Hyodeoxycholic acid (HDCA)
Taurocholic acid (TCA)
Glycolithocholic acid (GLCA)
Taurochenodeoxycholic acid (TCDCA) Glycodeoxycholic acid (GDCA)
Glycoursodeoxycholic acid
(GUDCA)
Taurolithocholic acid (TLCA)
Taurodeoxycholic acid (TDCA)
Tauroursodeoxycholic acid
(TUDCA)
Taurohyodeoxycholic acid
(THDCA)

(generally called bile acid activated receptors or BARs)
are FXR (also known as NR1H4), vitamin D receptor
(VDR, also known as NR1H1); constitutive androstane
receptor (CAR, also known as NR1H3); and pregnane
X receptor (PXR, also known as NR1H2). Although
the role of PXR, CAR and VDR in the regulation of
metabolism, including glucose metabolism, cannot be
[21,115-118]
excluded
, it seems that the activation of FXR by
BAs (note that primary BA are preferential ligands of
this receptor) plays an important role in the regulation
[119]
of glucose metabolism . CDCA, which activates FXR
at EC50 in a concentration of approximately 10 μmol/L,
appears to be the main physiological ligand for FXR.
Other BAs could also activate FXR, but in significantly
higher concentrations. The potency of BAs to activate
[64]
FXR is as follow: CDCA > DCA > LCA > CA . Through
activation of FXR, BAs play a key role in liver and
intestinal biosynthesis, enterohepatic transport, and
[64]
homeostasis of BAs . Accordingly, a deficiency in FXR
[120]
may lead to cholestasis . In the intestine, BAs bind to
FXR and induce synthesis of fibroblast growth factor 19
(FGF-19) in humans or FGF 15 in rodents and secretion,
which in turn circulates to the liver where it regulates
[64]
BA biosynthesis and glucose metabolism . In the liver,
FGF 15/19 activates glycogen synthesis and inhibits
gluconeogenesis via FGF receptor, which subsequently
leads to a decrease in circulating glucose concentrations
[64]
(Figure 7A) . Thus, FGF 15/19 is sometimes referred
to as a downstream metabolic effector of BAs. When
insulin is an early-acting hormone released after a meal,
FGF 15/19 is a late-acting hormone released in the fed
[35]
state (with a half-life of about 30 min) . By activating
FXR, BAs also downregulate liver gluconeogenesis
through inhibiting the gene expression of glucose
6-phosphatase, fructose 1,6-bisphosphatase, and
phosphoenolpyruvate carboxykinase (PEPCK) (Figure
[121]
7B)
. However, some data suggest that PEPCK is
[121]
upregulated by BAs via FXR . In rodent hepatocytes,
DCA-activated epidermal growth factor receptors ERB1/
ERB2 and insulin receptor contribute to the activation
of glycogen synthase through the PI3kinase/AKT/GSK3
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Figure 7 Potential mechanisms of bile acid mediated improvement of serum glucose concentration. A: Stimulatory effect of bile acids on FGF15/19 synthesis
in intestinal cells (ileocytes). The activation of FXR in ileocytes by BAs leads to increased synthesis (via regulation of gene expression) and the release of fibroblast
growth factor 15/19 (FGF 15/19) which, through the activation of the FGF-R present in hepatocyte and adipocyte membranes, regulates carbohydrate metabolism,
leading to a decrease in circulating glucose concentrations. FGF 15/19 stimulates glycogen synthesis and inhibits gluconeogenesis in the liver and glucose disposal
in adipose tissue. ↓: Decrease; ↑: Increase; B: Decreasing effect of BAs on circulating glucose concentration. BAs, by activating FXR, downregulate (via regulation of
gene expression) liver gluconeogenesis and stimulate glycogen synthesis. BAs, by binding to FXR or to TGR-5 in pancreatic β-cells, stimulate insulin secretion. BAs, by
binding to FXR or TGR-5 in adipose tissue and skeletal muscle, improve insulin sensitivity. ↓: Decrease; C: Potential mechanisms of BA-mediated decrease in circulating
glucose concentrations after bariatric surgery caused by the increased release of GLP-1 by intestinal L-cells. ↓: Decrease; ↑: Increase. FXR: Farnezoid X receptor;
FGR: Fibroblast growth factor; GLP: Glucagon-like peptide-1; BAs: Bile acids.
[136,137]

Moreover, BAs have been found to have a synergistic
effect with glucose on the regulation of incretin
[134]
hormone secretion
. In addition, gastric emptying
and satiety mediated by GLP-1 could also contribute
to its effect on circulating glucose concentration
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(Figure 7C)
. However, whether LCA activates
[55]
TGR-5 under physiological conditions is not clear ;
this may happen after bariatric surgery, when bile is
concentrated and the subsequent circulating BA levels
are elevated. An association has been found between
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Figure 8 Bile acids as regulatory molecules and receptors activated by bile acids present in different organs.

circulating BAs and GLP-1 in patients who have
[28,103,138]
undergone bariatric surgery
. Moreover, rectal
administration of taurocholate resulted in an increase
in circulating GLP-1, PYY, and insulin, but decreased
[139]
glucose concentrations in obese T2DM volunteers
.
It seems that TGR-5 also regulates BA pools, since
-/these are significantly lower in TGR-5 ( ) mice than in
[115]
wild-type animals .
The activation of S1PR2 by BAs may also influence
[127]
liver carbohydrate metabolism
. Recent studies
suggest that blocking S1PR2 signaling could function
[140]
as a novel therapeutic strategy for T2DM .
The activation of EGFR by BAs in the liver and
[141]
intestine is associated with cell apoptosis
and cell
[128]
proliferation
, respectively. So far, the activation
of muscarine receptors by BAs in context of the
regulation of glucose homeostasis has not been
reported.
Interestingly, BAs may exert many other biological
functions via non-receptor-linked mechanisms
involving the JNK1/2, ERK1/2, Akt1/2 signaling
pathways, NO metabolism, and activation of cation
[108]
channels
. Moreover, it has been shown that
some BAs, such as UDCA or CA, are able to reduce
[142,143]
endoplasmic reticulum (ER) stress
. Accordingly,
significant reductions in ER stress have been observed
[144]
following bariatric surgery on obese rats
. Thus, it
is not impossible that the increase in circulating BAs
following bariatric surgery may ameliorate ER stress,
and subsequently improve glucose homeostasis.
Overall, the data discussed above suggest that by
binding to membrane or nuclear receptors, and also
through non-receptor mechanisms, BAs may influence
glucose metabolism and subsequently contribute to
the remission of T2DM following bariatric surgery when
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circulating BA concentrations are elevated.

EFFECT OF BARIATRIC SURGERY
ON CIRCULATING BILE ACID
CONCENTRATIONS AND DIABETES
MARKERS: EVIDENCE THAT
MALABSORPTIVE PROCEDURES ARE
MORE EFFECTIVE THAN RESTRICTIVE
PROCEDURES
Several papers have reported that circulating total BA
concentrations significantly increase following bariatric
surgery; however the results are inconsistent when
[14,16]
BA composition is considered
. Moreover, the ef
fect of bariatric surgery on serum BA concentration
depends on the type of surgical procedure. In patients
who have undergone gastric banding, no changes or
decreases in serum BA concentrations were reported
[28,138,145]
[146]
(Table 4)
. However, Nakatani et al
observed
increased serum BAs one and three months after
laparoscopic gastric banding (LAGB). Various effects of
laparoscopic sleeve gastrectomy (LSG) on circulating
BA concentrations have also been reported (Table 4).
[147]
Steinert et al
found decreases in plasma BAs one
week after LSG and increases three months and one
[148]
year after the surgery. Belgaumkar et al
found
decreases in primary BAs, and increases in secondary
BAs six months after LSG. Increases in BA after LSG
[146]
were documented by Nakatani et al
and Haluzíková
[29]
et al .
Most studies have shown increases in circulating BA
[23,28,103,145,149-151]
concentrations following RYGB (Table 4)
.

8710

October 21, 2016|Volume 22|Issue 39|

Kaska L et al . T2DM remission after bariatric surgery
Table 4 Effects of various bariatric procedures on diabetic parameters and serum bile acid concentrations
Patients

Type of bariatric
Time interval from
Effect of surgery on diabetic
procedure
surgery to examination
parameters

Morbidly obese, n = 10

LAGB

Morbidly obese, n = 6,
preoperative BMI = 44
Morbidly obese, n = 28,
BMI = 46.0
Morbidly obese, n = 7,
BMI = 43
Morbidly obese, n =18,
BMI = 60
Obese females, n = 17,
BMI = 43
Morbidly obese, n =15,
BMI = 45
Morbidly obese, n = 8

LSG

Not presented

Gastric banding

Various (after losing
20% of body weight)
42 d

Gastric banding

6-28 mo

Decreased serum glucose
Decreased serum insulin
Decreased HOMA-IR

LSG
LSG

LSG and LAGB
RYGB

Morbidly obese, n = 9,
RYGB
preoperative BMI = 50
Morbidly obese, n = 37,
RYGB
nondiabetic, preoperative
BMI = 48
Morbidly obese, n =75,
RYGB
diabetic, preoperative
BMI = 48
Severely obese women
RYGB
with T2DM, n = 13,
preoperative BMI = 44
Obese patients, n = 63,
RYGB
BMI = 44
Surgically obese, n = 5,
RYGB
BMI > 35
Obese females, n = 11,
RYGB
BMI = 44
Morbidly obese, n = 30,
RYGB
BMI = 48
Morbidly obese, n = 35,
RYGB
BMI = 48
Obese patients, n = 30,
RYGB
BMI = 46
Morbidly obese, n = 7,
LRYGB
BMI = 50
Morbidly obese, n = 19,
LRYGB and LSG/
BMI = 43
DJB
Morbidly obese, n = 12,
Gastric bypass
preoperative BMI = 49

Not presented

Effect of surgery on serum bile
acid concentrations

Ref.

Decreased fasting BAs; no change
in postprandial BAs
No change

[28]

Decreased primary BAs
No change in deoxycholic BAs
1 wk, 3 mo, 1 yr
Decreased BAs after 1 wk
Increased BAs after 3 mo and 1 yr
6 mo
Decreased: fasting glucose ,
No change in total BAs
Decreased primary BAs
fasting insulin, HOMA-IR and
Increased secondary BAs
HBA1c
24 mo
Decreased: HbA1c, insulin,
Increased total BAs
HOMA-IR.
1 and 3 mo
Decreased: HbA1c, insulin and
Increased total, primary and
HOMA-IR
secondary BAs
Various (after losing
Not presented
Increased fasting and
20% of body weight)
postprandial total and conjugated
BAs
2-4 yr
Lower fasting glucose and
Higher total BA concentration
insulin
About 200 d
No change in fasting serum
No change in BAs after surgery
glucose

[138]
[145]
[147]
[148]

[29]
[146]
[28]

[103]
[150]

About 6 mo

Decreased fasting serum
glucose and HbA1c

Increased total BAs

[150]

1 mo and 2 yr

Decreased HOMA-IR

Reduced BAs after 1 mo
Increased BAs after 2 yr

[32]

15 mo

Decreased fasting glucose and
HOMA-IR
Not presented

Increased total BAs

[23]

Increased conjugated BAs
No changed unconjugated BAs
increased postprandial BAs
comparing to controls
Increased primary BAs, glycine
BA, deoxycholic BA
Increased total BAs

[152]

Increased total BAs, decreased
taurine conjugated BAs
Decreased BAs after 1 wk
Increased BAs after 3 mo and 1 yr
Increased total, primary and
secondary BA concentration
Increased total BAs

[153]

1, 4, and 40 wk
34 ± 16 mo
8-13 mo
3 mo
12 mo
1 wk, 3 mo, 1 yr

Increased postprandial insulin
compared to controls
Decreased serum glucose and
insulin concentration
Decreased HOMA-IR
Decreased fasting glucose and
HOMA-IR
Decreased HOMA-IR

1 and 3 mo
42 d

Decreased HBA1c, insulin,
and HOMA-IR
Not presented

[149]
[145]
[151]

[147]
[146]
[138]

LSG: Laparoscopic sleeve gastrectomy; LAGB: Laparoscopic adjustable gastric banding; LSG/DJB: LSG with duodeno-jejunal bypass; RYGB: Roux-en-Y
gastric bypass; LRYGB: laparoscopic RYGB.

However, there are some reports with differing results.
[150]
For instance, Gerhard et al
found there to be no
change in serum BAs in nondiabetic subjects, but
serum BA levels increased in diabetic subjects after
[152]
RYGB. Ahmad et al
reported increased levels of
conjugated BAs, but no changes in unconjugated BAs
[32]
following RYGB. Dutia et al
even found decreased
serum BAs 1 mo after RYBG, whereas 2 years after
surgery their levels were higher than before surgery.
[153]
Simonen et al
found an increase in total BAs after
RYGB, but taurine conjugated BAs had decreased.
Nonetheless, most published data suggest that
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RYGB results in a postoperative increase of serum
BAs in obese patients (Table 4). The increased
levels of circulating BAs are probably due to the
fact that BAs excreted into intestine have less time
to mix with food prior to transit through the ileum,
leaving more BAs free for reuptake and, probably
more importantly, with the longer intestinal limb
excluded from the alimentary passage and transited
concentrated bile. Some studies have suggested that
the BA concentrations were inversely correlated with 2
[103]
h post-meal serum glucose in patients after RYGB .
Others found a positive correlation between the
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increase in BA concentrations and fibroblast growth
factor 19 (FGF-19), which regulates BA synthesis
[150]
[138]
in the liver
. The study of Pournaras et al
also
confirmed increases in BAs and FGF-19 4 and 42 d
following gastric bypass. Interestingly, circulating
levels of FGF-19 and BAs increased following RYGB,
but not after pharmacological management in
[154]
patients with T2DM
. Changes in serum BA levels
were also positively correlated with FGF-19, incretin
[32]
hormones, and peptide YY . The increase in serum
BA concentrations following RYGB was also confirmed
[155]
in an obese diabetic rat model .
Overall, the majority of studies indicate that
circulating BAs increase following RYGB (and other
malabsorptive procedures) (Table 4). The increased
circulating BA concentrations are usually associated
with improvements in the glucose metabolism (Table
[31]
4), but are independent of caloric restriction . Data
regarding circulating BA concentrations and the
associations between circulating BA concentrations and
glucose metabolism following sleeve gastrectomy are
inconsistent (Table 4). Based on the data in Table 4, it
can be concluded that there is an association between
circulating BA concentration and T2DM remission
following malabsorptive procedures. However, more
research is needed to confirm the connection between
circulating BA concentration and the improvement
in glucose metabolism following different bariatric
surgery procedures.

that FXR is necessary for improving glycemic control
[19]
following bariatric surgery . This strongly supports
the idea that BAs could contribute as FXR ligands
to improved glucose metabolism following bariatric
surgery. The activation by BAs of FXR in ileocytes leads
to the increased release of FGF 15/19, which regulates
[32]
carbohydrate metabolism . As mentioned above,
FGF 15/19 stimulates glycogen synthesis and inhibits
gluconeogenesis in the liver and glucose disposal in
[34]
adipose tissue . Moreover, the plasma levels of FGF
19 have been found to correlate inversely with HbA1c
[156]
in diabetic patients . The potential role of FGF 15/19
in improving glucose metabolism following bariatric
surgery is supported by the coordinated increase in
BAs and FGF 19 and the improvement of glucose
[32,138]
metabolism in patients following bariatric surgery
.
Another possible mechanism of the positive effect of
elevated BAs following bariatric surgery is the direct
activation of FXR in the liver, which leads to reduced
[123]
gluconeogenesis
. In turn, the activation of FXR
in muscles, the liver, and adipose tissue leads to
[34,123]
improvements in insulin sensitivity
. The third
potential mechanism of BA-mediated normalization
of glycemia in bariatric patients is a through the
stimulation of TGR-5 in L cells, which leads to the
[34]
increased release of GLP-1 . This assumption is
[32]
supported by improved incretin effect after RYGB
and the positive correlation seen between BAs and
[28]
GLP-1 in patients who have undergone RYGB . The
potential mechanisms of BA-mediated improvement
of glucose metabolism after bariatric surgery are
presented in Figure 7. However, it should be noted that
FXR activation in L cells leads to the opposite effect [157]
inhibition of GLP-1 production . This opposite effect
of the BA induction of TGR-5 and FXR on GLP-1 release
in L cells could possibly constitute some regulatory
mechanism.

POTENTIAL MECHANISM OF BILE
ACID ACTION IN THE IMPROVEMENT
OF GLUCOSE METABOLISM AFTER
BARIATRIC SURGERY
Bariatric procedures involving the transport of
concentrated bile by a section of small intestine
excluded from the passage of food lead to increased
absorption of BAs by ileocytes, and subsequent
[34]
increases in BA blood concentrations . In turn,
BAs may interact with nuclear and membrane
receptors-mainly FXR and TGR-5-in the intestines,
liver, pancreas, adipose tissue, skeletal muscle cells,
and other tissues, and improve glucose metabolism
after bariatric surgery. Based on the data reported in
[23,32,103,146,147,150,151,153]
the literature
, we calculated the
correlation between the mean circulating concentration
of BAs and HOMA-IR or insulin concentrations in
groups of patients before and after RYGB. Circulating
total BA concentrations were inversely correlated with
(1) HOMA-IR (R = -0.49, P < 0.05); and (2) insulin
concentrations (R = -0.62, P < 0.01). This confirms,
at least in part, the notion that elevated circulating
concentrations of BAs could contribute to improved
glucose metabolism in patients who have undergone
bariatric surgery.
Recent studies on FXR knockout mice have indicated

WJG|www.wjgnet.com

OTHER POTENTIAL MECHANISMS
INVOLVED IN THE IMPROVEMENT IN
GLUCOSE METABOLISM SUBSEQUENT
UPON BARIATRIC SURGERY
Obesity is frequently associated with dyslipidemia,
which includes hypertriglyceridemia, hypercholes
terolemia, decreased HDL-cholesterol, and sometimes
increased LDL-cholesterol concentrations in the
[158]
blood . It is generally accepted that hyperlipidemia
plays an important role in the loss of glucose[159-161]
stimulated insulin secretion in T2DM
. Bariatric
[162]
surgery generally improves dyslipidemia
. Thus,
it may be supposed that improvements in glucose
metabolism following bariatric surgery could be a
consequence of the reduction of circulating lipid
[162]
concentrations . A significant reduction in circulating
triglyceride concentrations was observed from three
[162]
months to four years after bariatric surgery
. In
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contrary, circulating non-estrified fatty acids (NEFA)
concentrations, which also play an important role in
the development of pancreatic β-cell dysfunctions
and the subsequent progression of T2DM in obese
[159]
subjects
, significantly increased one month after
bariatric surgery, but their concentrations normalized
[162]
after three months
. Remission of T2DM has
been shown to occur within a few days of bariatric
[163]
surgery . Thus, it is likely that the beneficial effects
of bariatric surgery on glucose metabolism are
independent of the circulating NEFA normalization,
especially shortly after surgery. However, it is not
impossible that normalization of circulating NEFA (or
other lipid) concentrations may play some role in
improving glucose metabolism a few months after
bariatric surgery.
The improvement in glucose metabolism following
bariatric surgery, based on the enhanced incretin
[42,164]
effect, is commonly accepted
. However, the
improvement in glucose metabolism following gastric
bypass cannot be associated only with incretin
hormones, because the incretin effect needs to be
initiated through oral feeding, while patients cannot eat
for the first few days after surgery, in order to avoid
postoperative complications. Accordingly, the serum
levels of GLP-1 (the main incretin hormone) is not
markedly elevated in post-RYGB fasting patients, but
[43,164]
is elevated after oral food intake
. Moreover, the
improvement in glucose metabolism following bariatric
surgery has also been observed under conditions in
[165]
which the incretin system was inactivated .
Animal studies showed that bariatric surgery is
associated with (1) increased production of GLP-1 in A.
[20,43]
muciniphila
; and (2) modification of gut microbiota
composition and lower intestinal and systematic
[166]
dipeptidyl peptidase-4 (DPP-4) activity
. Thus, gut
microbiota changes, leading to the elevated production
of GLP-1 by intestinal endocrine cells (L cells) and
decreased degradation of GLP-1 by DPP-4, may be
another mechanism involved in the improvement of
insulin resistance following bariatric surgery. However,
further studies are needed to better understand the
role of microbiota in incretin hormone modification
after bariatric surgery.
Another potential mechanism for improving
glucose metabolism following bariatric surgery may be
associated with alterations in circulating adipokines. It
has been shown that the concentrations of circulating
proinflammatory adipokines (for instance, of leptin)
increase, while those of anti-inflammatory adipokines
(such as adiponectin) decrease in obesity and
[167-169]
T2DM
. The dysregulation of adipokine secretion
(especially leptin and adiponectin), together with
other factors, such as lipid disturbance, could thus
be a causal factor mediating insulin resistance and
subsequently T2DM in obese patients. Bariatric surgery
may overcome these disturbances. Accordingly,
recently published data indicates an association
between circulating adiponectin concentrations and

WJG|www.wjgnet.com

the acute insulin response to intravenous glucose
load in patients at one year and five years following
[170]
bariatric surgery
. Thus, in the long term following
bariatric surgery, the increase in circulating adiponectin
concentration might play some role in T2DM remission,
though it is unlikely that this would occur in the short
term.
Overall, the data discussed in this review suggest
that several factors could be involved in the remission
of T2DM following bariatric surgery. It seems that
the increase in circulating BA concentrations and
alterations in gut microbiota play important role in this
phenomenon.

CONCLUSION
Recent research indicates that the improvements
in insulin sensitivity observed in patients who
have undergone bariatric surgery, especially after
gastric bypass procedures, are associated with
elevated circulating BA concentration and changes
in gut microbiota. Through the activation of FXR in
enterocytes, the BAs increase the release of FGF
15/19, which in turn bind to FGFR, leading to (1)
decreased gluconeogenesis and increased glycogen
synthesis and glucose catabolism in the liver; and (2)
improved insulin sensitivity and glucose disposal in
adipose tissue. Moreover, BAs activate TGR-5 or FXR
and thus lead to increases in (1) insulin secretion by
pancreatic cells; (2) GLP-1 production in intestinal
endocrine L-cells; (3) glucose catabolism in muscle
and adipose tissue; and (4) insulin sensitivity with
decreases of gluconeogenesis in the liver. Moreover,
changes in gut microbiota following bariatric surgery
also could be beneficial, as far as T2DM remission
is concerned. Thus, increases in circulating BA
concentrations and the interaction between BAs and
gut microbiota (especially the role of microbiota in the
biotransformation of BAs and the antimicrobial effects
of BAs) following bariatric surgery would seem to be
important factors leading to T2DM remission, besides
body mass loss, calorie restriction, and changes in the
concentrations of serum lipids and adipokines.
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REVIEW

Update on occult hepatitis B virus infection
Manoochehr Makvandi
B core (anti-HBc) antibody status in serum and this
phenomenon is named occult hepatitis B infection
(OBI). The presence of anti-HBc antibody in serum is
an important key for OBI tracking, although about 20%
of OBI cases are negative for anti-HBc antibody. The
diagnosis of OBI is mainly based on polymerase chain
reaction (PCR) and real-time PCR assays. However,
real-time PCR is a more reliable method than PCR.
OBI is a great issue for the public health problem
and a challenge for the clinical entity worldwide. The
persistence of OBI may lead to the development of
cirrhosis and hepatocellular carcinoma. With regard
to OBI complications, the screening of HBV DNA
by the highly sensitive molecular means should be
implemented for: (1) patients with a previous history of
chronic or acute HBV infection; (2) patients co-infected
with hepatitis C virus/human immunodeficiency virus;
(3) patients undergoing chemotherapy or anti-CD20
therapy; (4) recipients of organ transplant; (5) blood
donors; (6) organ transplant donors; (7) thalassemia
and hemophilia patients; (8) health care workers;
(9) patients with liver related disease (cryptogenic);
(10) hemodialysis patients; (11) patients undergoing
lamivudine or interferon therapy; and (12) children in
time of HBV vaccination especially in highly endemic
areas of HBV. Active HBV vaccination should be
implemented for the close relatives of patients who are
negative for OBI markers. Thus, the goal of this review
is to evaluate the rate of OBI with a focus on status of
high risk groups in different regions of the world.
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Core tip: Occult hepatitis B infection (OBI) is defined
as negative hepatitis B surface antigen and positive/
negative anti-hepatitis B core immunoglobulin G status
but hepatitis B virus (HBV) DNA is detectable in serum
and liver tissue. Genotypes A, C, G, E and D have been

Abstract
The event of mutations in the surface antigen gene of
hepatitis B virus (HBV) results in undetectable hepatitis
B surface antigen with positive/negative anti-hepatitis
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in seronegative OBI, only HBV DNA is detectable in
serum/or liver tissue, but anti-HBc IgG/anti-HBs IgGs
[4]
are negative in serum . The clinical feature of OBI
remains unknown and more studies are required to
understand the characteristics of OBI among the high
risk group worldwide. With the present data on the
OBI, several groups are believed to be at risk of OBI.
The reactivation of OBI may take place in individuals
with a previous history of HBV infection along with
immunosuppression or chemotherapy status. Lastly,
to prevent the spread of OBI, the screening of
HBV DNA should be implemented in blood donors,
immunosuppressive patients, organ transplant donors,
organ transplant recipients, and individuals with acute
rheumatoid arthritis before and after treatment with
[11]
anti-tumor necrosis factor (TNF)-α . In this paper,
a search of MEDLINE database was performed to
retrieve suitable articles to explain the epidemiology,
diagnosis and prevention of OBI.

found among patients with OBI in different regions of
the world. Genotype D is the only dominant genotype
among Iranian OBI patients. OBI has been reported
among many high risk groups, including blood donors,
liver transplant recipients, patients co-infected with
hepatitis C virus/human immunodeficiency virus,
patients undergoing immunosuppressive therapy or
hemodialysis, patients with liver cirrhosis, cryptogenic
liver disease, or abnormal alanine transaminase,
healthcare workers, patients with lymphoma or
rheumatoid arthritis. It is recommended that to manage
and reduce OBI and HBV carriage, the screening of
HBV DNA be implemented among high risk groups by
means of highly sensitive molecular assays periodically.
In addition, comprehensive investigations are needed
to understand the epidemiology of OBI worldwide.
Makvandi M. Update on occult hepatitis B virus infection. World
J Gastroenterol 2016; 22(39): 8720-8734 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i39/8720.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i39.8720

DEFINITION OF OBI
Most of OBI cases are asymptomatic and clinically not
well defined. OBI has been investigated only in high
risk groups with different serological and molecular
descriptions. Several definitions of OBI have been
described. In the international workshop (2008) in
Italy, OBI was defined as the detection of HBV DNA in
the liver (with or without HBV DNA in serum) without
[12]
HBsAg . OBI can be defined by the presence of HBV
DNA in serum or liver tissue with either seropositive or
seronegative status. Seropositive OBI is characterized
by the detection of anti-HBc antibody with or without
anti-HBs antibody, while seronegative OBI is described
by undetectable both anti-HBc and anti-HBs antibodies.
Seropositive OBI accounts for the enormous majority
of OBI cases which can be attributed to the larger
proportion of resolved HBV infections. It has been
reported that more than 20% of OBI cases are
[13]
seronegative for all the HBV markers . In chronic
occult infections, viral covalently closed circular DNA
(cccDNA) persists as an episome in the nucleus of
infected cells. Although the clinical features between
OBI-seropositive and OBI-seronegative cases remain
entirely cryptic, OBI may be exhibited in one of three
clinical forms: (1) in a window period of acute HBV
infection; (2) detectable HBV DNA and undetectable
HBsAg in patient serum without a previous history
of overt HBV infection; and (3) in patients with a
history of chronic HBV infection. At present there is no
standard assay for diagnosis of OBI in liver tissue or in
serum, and the only reliable method is the detection
of HBV DNA by nested PCR or real-time PCR. It has
been illustrated that the application of real-time PCR
possesses better outcomes provided that the specific
[14]
primers are capable to cover all HBV genotypes .
The viral load lower than 200 IU/mL has been defined
for OBI diagnosis, interestingly, in more than 90%

INTRODUCTION
Hepatitis B virus (HBV) infection is a considerable
global health problem and approximately two billion
of the world population have been infected, of which
[1]
250 million live with HBV infection . HBV infection
is linked with a wide range of clinical manifestations,
including acute or fulminant hepatitis to various
forms of chronic infection, including asymptomatic
carriers, chronic hepatitis, cirrhosis, and hepatocellular
carcinoma (HCC). Although the implementation of
screening tests for hepatitis B surface antigen (HBsAg)
has significantly reduced the spread of HBV infection
among blood donors, it fails to detect occult HBV
infection (OBI) cases. In the 1970s, a new form of
clinical HBV infection was reported in a patient with
acute hepatitis, who was positive for anti-hepatitis B
core (anti-HBc) immunoglobulin G (IgG), but negative
[2]
for HBsAg . Subsequently, by developing highly
sensitive molecular means, the clinical entity of OBI
was characterized, which resulted in the concept of
[3,4]
“occult” or “silent” HBV infection . The presence
of mutations was demonstrated in the preS1, preS2
and S regions of the HBsAg gene, which results in
undetectable HBsAg by enzyme-linked immunosorbant
[5-8]
assay
. In the absence of serum HBsAg, low
quantity of HBV DNA even < 200 IU/mL was detected
in the serum and liver tissue biopsy by real-time
polymerase chain reaction (PCR), and this new form
[9,10]
of clinical entity of HBV infection was called OBI
.
OBI is a clinical class of HBV infection and can appear
in two forms: seropositive OBI and seronegative OBI.
In seropositive OBI, serum HBV DNA is detectable
and both anti-HBc/anti-hepatitis B surface (HBs) IgGs
are positive or only anti-HBc IgG is positive, while

WJG|www.wjgnet.com

8721

October 21, 2016|Volume 22|Issue 39|

Makvandi M. Update on occult HBV infection
Cryptogenic
Chronic
Seronegative
HBcIgG - Ve, HBsAg - Ve

Chronic
Seropositive
HBcIgG + Ve, HBsAg - Ve
Liver cirrhosis

Hepatocellular
carcinoma

Occult hepatitis B infection

Other malignancies

Hodgkin lymphoma

Mutations in the pre S1 and preS2 regions

Mutations in the S region have been associated with
reduced expression of HBV surface proteins. Sub
sequently, mutations in preS1/preS2 promoters are
frequently observed in OBI patients, which make
[33,34]
HBsAg become undetectable
.

Coinfection HIV

Coinfection HCV
Lamivudine treatment

the “a” determinant of the HBsAg gene also results in
[29]
OBI . It has been shown that the sG145R mutation
in the HBsAg gene leads to a low binding affinity to
[30]
monoclonal antibody against HBsAg . In addition,
within the “a” determinant several other mutations
have been shown to cause a low affinity to monoclonal
[30-32]
antibody against HBsAg
.

Interferon treatment

Rheumatoid treatment anti-CD20/
Before and after chemotherapy

RNA splicing

Splicing steps have a critical effect on gene expression
in HBV. In patients with OBI, it has been found that the
substitution of nt G-to-A at position 458 of the surface
gene interferes with the splicing of S gene mRNA and
was associated with a lack of HBsAg expression and
[35]
low replication of HBV DNA .

Figure 1 Schematic representation of clinical entity of occult hepatitis B
infection. HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; HBsAg:
Hepatitis B surface antigen.

of OBI patients, the viral load in serum was reported
[15]
to be around 20 IU/mL . Several mechanisms and
factors may affect or suppress the HBV replication,
which result in mutations in the HBsAg gene, although
host immune response and epigenetic factors also play
crucial roles in OBI (Figure 1).

POSSIBLE OBI OUTCOMES OF
LAMIVUDINE OR INTERFERON THERAPY
Treatment of chronic patients with lamivudine may
result in amino acid changes in YMDD motif, in HBV
polymerase Q563S and in sS207R surface genes, and
[36]
thus contributes to OBI . The nucleotide deletions in
the pre-S1 and pre-S2 regions following the interferon
therapy have resulted in the low replication of HBV DNA
[37]
with low detection of HBsAg in cell culture systems .

PREVALENCE OF OBI
The prevalence of OBI varies from region to region
worldwide. This variability relies upon the sensitivity
of HBV DNA detection assays, the sample size, and
the detection of HBV DNA in liver tissue and serum
by nested PCR or real-time PCR. The prevalence of
OBI varies from 1% to 87% in different regions of
[16,17]
the world
. OBI has been reported even in some
[16]
geographical regions with low HBV endemicity . The
prevalence of OBI among the general population has
been reported to be 45.5% with genotypes B and
[18]
[19,20]
C
in China, and 1.7%-6.6% with genotype C2
in South Korea. In Taiwan, the prevalence was 10.9%
[21]
in HBV vaccinated children
and 0.11% in blood
[22]
donors . In Egypt, it varied from a low 4.1% to
[23,24]
high 26.8% in hemodialysis patients
. In Iran the
prevalence of OBI has been reported to be 2 in 50000
[25]
[26]
in blood donors and 14% in cryptogenic patients ,
[27]
while the prevalence of seropositive OBI was 2.27%
[28]
and 0% among blood donors .

OBI and chronic hepatitis C virus infection

The mutations in the HBsAg gene have been observed
among patients coinfected with hepatitis C virus
[38-40]
(HCV)
. Several studies have reported that low HBV
DNA replication occurs in patients coinfected with HCV
infection. It has been described that about one-third
of patients with chronic HCV infection had detectable
[41,42]
serum HBV DNA but undetectable HBsAg
. The
presence of OBI in chronic HCV infected patients
[43,44]
increases the risk of HCC
. When the coexistence
of both HBV and HCV genomes occurs in the same
hepatocyte, the replication of HBV is inhibited due to
the interference of HCV molecules, which therefore
results in the creation of OBI with low replication of HBV
[45]
DNA . Moreover, the HBX protein is a transactivator
and activates HBV promoters and enhances HBV
[46,47]
gene transcription
. The HCV core protein can
interact with HBV X gene and prevent HBV gene
[48]
transcription . In addition, HCV “core”, NS2 and NS5A
[34,43,49-51]
proteins could strongly inhibit HBV replication
.
Table 1 shows the distribution of OBI among patients
[52-66]
with HCV infection
.

MOLECULAR MECHANISMS OF OBI
Mutations in the “a” determinant of HBsAg

A mutation in the “a” determinant of the surface
antigen is one of the known mechanisms which may
result in OBI. Mutations in the HBsAg gene bring about
the structural arrangement of the protein, which may
lead to undetectable HBsAg by commercially HBsAg
[29]
test kits . The occurrence of sG145R mutation in
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Table 1 Profile of various studies on occult hepatitis B infection in patients with hepatitis C virus
infection
Ref.
[52]

Fukuda et al
Kao et al[53]
Besisik et al[54]
Georgiadou et al[55]
Khattab et al[56]
Goral et al[57]
Branco et al[43]
Toyoda et al[58]
Shetty et al[59]
Tamori et al[60]
Chen et al[61]
Jang et al[62]
Joukar et al[63]
Vakili Ghartavol et al[64]
Kishk et al[65]
Mandour et al[66]

Years

Study population

OBI

1999
2002
2003
2004
2005
2006
2007
2007
2008
2009
2010
2011
2012
2013
2014
2015

65 patients with HCV-related liver disease
210 patients with HCV-related liver disease
33 HCV positive patients on hemodialysis
187 patients with HCV-related liver disease
53 patients with chronic HCV infection
50 HCV positive patients on hemodialysis
46 patients with HCV-related liver disease
95 HCV positive patients with HCC
44 HCV positive patients with liver cirrhosis
50 HCV positive patients with HCC
126 patients with chronic HCV infection
32 patients with chronic HCV infection
59 HCV positive patients on hemodialysis
50 patients with chronic HCV infection
162 patients with chronic HCV infection
210 patients with chronic HCV infection

34/65 (52.3%)
31/210 (14.8%)
12/33 (36.4%)
49/187
4/53 (7.5%)
0/50
9/46 (19.5%)
2/95 (2.1%)
22/44 (50%)
21/50 (42%)
6/126 (5%)
9/32 (28.1%)
0/59
18/50(36%)
3/162 (1.85%)
53/210 (25.2%)

HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.

the X, precore/core, and Pol regions of HBV genome
may result in mutations within the preS/S open reading
[29-51]
frame and bring about OBI
. However, the effect
of HIV components in HBV genome to lead to OBI
remains unknown. While the occurrence of OBI may be
related to host immune response and co-infections with
[50,51]
[67,68]
HCV
or HIV
, it has been postulated that HIV
components are not major factors for the occurrence of
[71,72]
OBI
. Table 2 shows the distribution of co-existence
[73-86]
of OBI with HIV infection in different countries
.
Thus, with regard to the aforementioned data
for improving treatment and outcomes of OBI, it is
recommended that the screening of anti-HBc and HBV
DNA be carried out for pretreatment of HIV patients.

Table 2 Rates of occult hepatitis B infection among HIV
positive patients in some countries
Ref.
Vargas et al[73]
Alvarez-Muñoz et al[74]
Chadwick et al[75]
Coffin et al[76]
Dapena et al[77]
Khamduang et al[78]
Bell et al[79]
Panigrahi et al[80]
Bagaglio et al[81]
Gupta et al[82]
Hakeem et al[83]
Morsica et al[84]
Azadmanesh et al[85]
Tsui et al[86]

Country

Prevalence %

Year

Chile
Mexico
England
Canada
Spain
Thailand
Africa
India
Italy
India
Scotland
Italy
Iran
United States

0/192 (0)
24/49 (49.0)
15/335 (4.5)
19/45 (42.0)
6/254 (2.4)
47/200 (23.5)
45/298 (15.1)
12/112 (10.7)
9/29 (31.0)
24/53 (45.3)
2/70 (2.8)
27/175 (15)
3/22 (13.6)
8/400 (2.0)

2016
2014
2014
2014
2013
2013
2012
2012
2011
2010
2010
2009
2008
2007

BLOOD TRANSFUSION AND OBI
PROBLEM

HCV related liver disease is controversial, some data
have approved this issue. For improving treatment
and consequence of OBI, it is recommended that the
screening of anti-HBc and HBV DNA be implemented
for pretreatment of HCV-infected patients.

Blood transfusion is a main risk factor for transmission
of OBI provided that the screening of blood donors is
[87,88]
done with less security
. In the most developed
countries, to boost blood safety, the nucleic acid
amplification testing (NAT) has been established for
screening of blood donors for detection of HCV, HIV and
HBV or OBI. It is well documented that the application
of NAT for HBV DNA, HCV RNA and HIV RNA detection
is more sensitive than serological HBsAg, HCVAb,
[89,90]
and HIV Ab tests
. Thus, the implementation of
HBV-DNA detection by NAT is more sensitive than
HBsAg assay as a preventive measure for HBV or OBI
[89,90]
transmission via blood transfusion
. The prevalence
of OBI among blood donors varies from country to
country and has been reported in South Korea (HBV
[91]
DNA, 0.016%) , India (anti-HBc, 10.22%; HBV
[92]
DNA, 0.15%) , Turkey (anti-HBc, 20%; HBV DNA,
[93]
[94]
0) , Egypt (anti-HBc, 22.7%; HBV DNA, 22.7%)
[95]
[25]
and Iran (0% OBI) , (HBVDNA, 2/5000) , (anti[93]
[96]
HBc, 20%; HBV DNA, 0) , (HBV DNA, 12.2%) . In

Coinfection of OBI with human immunodeficiency virus
infection

Both HBV and human immunodeficiency virus (HIV)
share the same rout of transmission. Mostly the
coinfection of OBI and HIV occurs among intravenous
drug users. It was found that coinfection of HIV and
HBV may lead to faster progression of liver fibrosis,
development of cirrhosis and HCC, even without
[67]
coinfection with HIV . The persistence of coinfection
of OBI and HIV may result in severe and sometimes
[68]
fulminant hepatitis . The low HBV replication and
undetectable surface antigen may be due to host
cell epigenetic genome and polymorphisms in host
[68-70]
cytokine and chemokine receptors
. Mutations in
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[114]

the most developing countries the screening of HBV
among blood donors relies only on serological detection
of HBsAg. While the screening of HBV by the NAT is
expensive, it is effective in reducing the transmission of
[89,90]
OBI via blood transfusion and blood products
. The
detection of anti-HBc is a good test for OBI tracking,
[97,98]
but it accounts for about 80% of OBI cases
.
Thus, with regard to what was stated previously the
implementation of anti-HBc test for blood donors can
be considered a second safeguard policy for reducing
[99,100]
the transmission of HBV via blood transfusion
,
although NAT is more sensitive and effective than
serological HBsAg test as a preventive measure for
HBV or OBI transmission via blood transfusion.

shown to be positive for HBV DNA (OBI) . While the
etiology of cryptogenic liver disease remains unknown,
the association of occult hepatitis C has been reported in
[115]
patients with abnormal alanin aminotransaminase .
OBI has been regarded as an additional risk factor
[26,116]
for progression of liver cirrhosis and HCC
. The
prevalence of OBI in cryptogenic chronic liver disease
[117,118]
[119]
varies from 3.88% to 55.6%
: in Brazil, 4.4% ;
[120]
[121]
[114]
in China, 28.3%
; and in Iran, 1.9%
, 10%
,
[122]
and India 9.5%
. With regard to the mentioned
data, it is recommended that for improving treatment
and management, the sera and PBMCs or liver biopsy
of patients with cryptogenic hepatitis be screened for
HBV DNA by highly sensitive molecular means before
developing signs of cirrhosis or HCC.

OBI AND HEAMODIALYSIS

OBI IN CRYPTOGENIC CIRRHOSIS AND
HCC

Heamodialysis (HD) patients are at high risk of viral
[101-103]
bloodborne infections (HBV, HIV, and HCV)
and tracking of the diagnosed liver disease based on
aminotransferase levels in HD patients is difficult. Mostly
aminotransferase is suppressed by reduced immune
competence which results in weak inflammatory
reactions and consequently reduces hepatocyte
[104]
destruction
. It has been hypothesized that status
of chronic uremia in HD patients may suppress the
inflammatory reactions in the liver and consequently,
[105,106]
no hepatocyte destruction will occur
. Therefore,
the evaluation of quantitative HBV DNA was found to
be the most efficient method to evaluate OBI in HD
[101]
patients
. The prevalence of OBI has been studied
in many countries, but varies from region to region
worldwide. In Tehran, OBI was studied among HD
[107]
patients by Ramezani et al , and they isolated HBV
DNA in 1% of 100 HBsAg negative HD patients. In
[108]
Tehran, Aghakhani et al
detected HBV DNA in 9/289
(3.1%) HD patients, who were negative for HBsAg but
[109]
positive for HBcIgG. In Ahvaz, Neisi et al
detected
HBV DNA in 10/250 (4%) of HD patients, who were
negative for HBsAg but positive for anti-HBc. Also in
[110]
Ahvaz, Rastegarvand et a
isolated HBV DNA in
6/216 (2.9%) HD patients, who were negative for
HBsAg but positive for anti-HBc. The prevalence of OBI
[111]
in HD patients was also reported in Spain (58%)
,
[24]
[101]
Egypt (26.9%) , United Kingdom (2.2%) , Greece
[112]
[113]
(20.4%)
and Italy (0%) .
It is recommended that all the patients on HD
be routinely screened for viral bloodborne infections
(HBV, HIV and HCV), including OBI, using highly
sensitive molecular techniques to prevent nosocomial
transmission.

Liver cirrhosis is an endangering public health problem
worldwide. Most of liver cirrhosis patients may
progress to upper gastrointestinal bleeding, hepatic
encephalopathy, and HCC. HBV infection or OBI, HCV
infection or occult HCV, and alcohol consumption are
[123-125]
major etiologies for development of liver cirrhosis
.
During the last phase of the natural course of
chronic HBV infection, the inactive carrier phase is
represented by HBeAg negativity, anti-HBe positivity,
low HBV DNA levels (< 2000 IU/mL) with minimal or
no fibrosis. The rates of spontaneous seroclearance of
HBsAg (OBI) among inactive carriers range from 0.5%
[126,127]
to 40% per year
. There have been reports on
[128,129]
progression of inactive carriers to cirrhosis
.
The prevalence of OBI among cirrhotic patients
varies from region to region worldwide. The prevalence
rates of OBI in cirrhotic patients have been reported: in
[26,130]
[131]
Iran, 14% and 38%
; India, 38% , Italy, 23.4%
[132,133]
[134]
[135]
and 27%
; Egypt, 2.7%
; Japan, 18.1%
;
[136]
[137]
France, 60%
; United States, 19.4%
; Brazil,
[138]
[139]
[117]
20% ; China, 32% ; and China, 3.88% .
The mechanism of liver damage due to OBI is
still not well elucidated, but there are some data that
described the persistence and transcription of HBV
cccDNA in hepatocytes and subsequently, production
of cytokines, such as TNF-α and interferon-γ may
[140,141]
result in damage to heptocytes
. The occurrence
of mutations in the X region of HBV may bring about
a reduction in the ability of the transactivation of X
protein, which is essential for viral replication, and also
result in low HBV DNA replication and undetectable
[142]
HBsAg in serum .
Liver cancer is considered a major global health
problem. Viral hepatitis B and C are main risk factors for
[135,143]
the development of liver cancer
. The prolonged
persistence of cccDNA in the hepatocyte nucleus has
[144]
been detected in patients with HCC
. In addition,
HBV DNA has been found to be integrated within the
[145]
host chromosomes of individuals with HCC
. Most

OBI AND CRYPTOGENIC LIVER DISEASE
The rate of cryptogenic liver diseases varies greatly in
different regions of the world. Patients with long-term
persistent ALT abnormality or with the lack of overt
viral detection and autoimmune markers, have been
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findings described that OBI is an important risk factor
for hastening the progression of liver disease and the
[146]
development of cirrhosis and HCC . Several studies
have documented that in patients with HCC who were
negative for all HBV serum markers, including HBsAg,
[147-160]
HBV DNA was detected in hepatocytes
.
Several mechanisms may be involved in OBIinduced hepatocarcinogenesis. When HBV DNA is
integrated into the host genome, the integrated HBX
and truncated pre-S2/S genomic sequences may
alter the cellular gene expression and result in the
[161-163]
development of HCC
. OBI DNA, either in the
form of free episomes or in integrated forms, is able to
replicate, transcribe, and synthesize proteins, at very
[144-165]
low levels
.
The advances in molecular approaches have made
it possible to disclose several virological features of
OBI, and describe different clinical settings. Thus
the persistence of OBI is an important risk factor
for development of cirrhosis and HCC. But more
investigations are needed to understand the relationship
between OBI and cryptogenic liver disease. It is
recommended that for improving and management of
patients in the initial stage of cryptogenic liver diseases,
the sera and PBMCs of the patients be screened for
HBV DNA by highly sensitive molecular means as a
preventive measure before the development of cirrhosis
and HCC.

EPIGENETIC CHANGES
Methylation

Methylation of cytosines in CpG dinucleotides within
CpG islands affects the HBV DNA promoter, which
[172]
may lead to gene silencing . Methylation was found
in both HBV DNA integrated in the host hepatocyte
genome as well in the free episomal form of HBV
[159,168]
cccDNA
. Methylation of HBV DNA symbolizes
a novel epigenetic mechanism, and it can alter HBV
proteins, HBV replication, and HBV virion production,
[173]
which may lead to OBI . Hypermethylated HBV DNA
sequences are frequently detected in HCC patients
[174]
with OBI
. The integrated HBX and carboxyterminally truncated preS or S polypeptide genes in
the host genome may modify the host gene expression
and cellular phenotypes and result in the acceleration
of growth factor-independent proliferation, metastasis
[175,176]
and the development of HCC
.

Acetylation

Both experimental in vivo and in vitro data have shown
that HBV replication is regulated by the acetylation of
[177]
H3/H4 histones bound to viral cccDNA . Besides, the
histone deacetylase onto the cccDNA is associated with
[178]
low HBV replication in vitro and low viremia in vivo .

OBI AND HODGKIN AND NON-HODGKIN
LYMPHOMAS

OBI AND TRANSPLANT

The etiology of lymphoma remains unknown, although
genetic, environment, and some infectious agents have
been implicated in the development of Hodgkin and
non-Hodgkin lymphomas. The association between
viruses and lymphomas has been investigated, although
the precise mechanisms behind this association are still
unknown. The hepatotropism and lymphotropism of
[179,180]
HBV have been well documented
.
The association between HBV and non-Hodgkin
[181,182]
lymphoma has been well investigated
. In a study
[182]
conducted by Elbedewy et al
in Egypt, HBV DNA
was detected in 5/72 (6.94%) of patients with diffuse
large B-cell lymphoma who were positive for anti HBc
[183]
(191). In a study conducted by Kamyar et al
in
Ahvaz, Iran, HBV DNA was isolated in 3/12 (25%) of
patients with Hodgkin lymphoma and in 7/ 29 (24.13%)
of patients with non-Hodgkin lymphoma. In this study,
the results of sequencing exhibited a substitution of
the amino acid proline with leuicin in position 88 of the
HBs gene in six patients with Hodgkin or non-Hodgkin
[184]
lymphoma. Cheung et al
in Hong Kong detected
HBV DNA in 10/47 (21%) patients with lymphoma who
were negative for HBsAg but positive for anti-HBc.
With regard to the aforementioned data, it is
recommended that for improving the treatment,
patients with Hodgkin and non-Hodgkin lymphomas be
screened for HBV DNA by highly sensitive molecular
means prior to chemotherapy treatment.

Liver transplantation is the only option for patients with
end-stage chronic liver disease. But in liver transplant
recipients with OBI, the reactivation of HBV is
enhanced by the induced immunosuppression factors
[166-168]
and rapidly leads to graft failure and death
.
The occult HBV transmission from HBsAg-negative
and anti-HBc-positive liver organ donors is possible,
especially when the organ liver recipient is negative for
[169]
[170]
all HBV serum markers . Dickson et al
reported
the de novo HBV infection was developed in 18/23
(78%) liver organ transplant recipients from donors
who were positive for anti-HBc compared with 3/651
(0.5%) recipients of organ transplant liver from donors
who were negative for anti-HBc (P < 0.0001). Although
the prevalence of OBI among kidney or bone marrow
transplant recipients is controversial, limited data
[171]
are available on this subject. Franz et al
detected
HBV DNA in 1% of 207 kidney transplant recipients
[5]
negative for HBsAg. Cinzia Lo Giudice et al detected
HBV DNA in a bone marrow transplant recipient who
was negative for HBsAg and required constant blood
transfusion.
For the management and prevention of the
consequences of OBI in organ transplant recipients, it
is suggested that the screening of HBV DNA be carried
out in both donors and organ transplant recipients by
highly sensitive molecular means.
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antibody rituximab or with the monoclonal antiCD52 antibody alemtuzumab, which account for long[193,194,202-208]
lasting immunosuppression
. Under these
situations, HBV reactivation causes a mortality rate
[209,210]
[211]
about 20%, due to hepatic failure
. Seto et al
reported reactivation of hepatitis B in lymphoma
patients with a past history of HBV infection, who
were treatd with rituximab-containing chemotherapy.
[212]
Hsu et al
studied the chemotherapy-induced
hepatitis B reactivation in lymphoma patients with
[213]
resolved HBV infection. Dominguez et al
(2015)
observed reactivation of OBI in a patient with chronic
lymphocytic leukemia after treatment with a rituximab
and fludarabine-based regimen. A recent study
[214]
conducted by Liu et al
revealed that reactivation
of HBV was observed in patients with breast cancer
receiving chemotherapy.
The risk of HBV reactivation in cancer patients
receiving chemotherapy is impressed by inducing
factors related to the virus, the host and specific
immunosuppressive treatment, although the complete
dimension of risk remains unknown.
With regard to the aforementioned data, the
screening of HBV DNA by highly sensitive molecular
means be implemented in all patients before and after
immunosuppression status.

Table 3 Prevalence of occult hepatitis B infection among
healthcare workers
Ref.

Country

Borzooy et al[188]
Iran
Chiarakul et al[189] Thailand
Slusarczyk et al[185] Poland
Shim et al[190]
Korea
Sukriti et al[191]
India
Yen et al[192]
Taiwan

No. of
No. of No. of cases Year
samples OBI cases positive for
anti-HBc
120
36
961
334
120
250

4 (3.3)
4 (11)
6 (4)
0
6 (5)
16 (6.4)

0 (0)
4 (100)
4 (100%)
0
6 (100)
13 (81)

2015
2011
2012
2011
2008
2005

OBI: Occult hepatitis B infection. HBc: Hepatitis B core.

OBI AND HEALTH CARE WORKERS
Health care workers are more often at high risk of
[185,186]
HBV infection/OBI than the general population
.
They may contract HBV transmission via exposure
to potentially infected material as well as mucosalcutaneous and percutaneous exposure to HBV from
[187]
HBV carriers
. Most of individuals with OBI are
clinically asymptomatic and remain undiagnosed
unless a sudden development of cirrhosis or HCC
[188]
occurred
. The prevalence of OBI among health
care workers varies from region to region worldwide.
The occurrence of OBI was mostly reported in regions
[117]
of high endemicity of HBV
. Table 3 shows the
[188-192]
prevalence of OBI among healthcare workers
.
Based on the mentioned data, it is recommended
that the screening of HBV DNA be implemented for
health care workers. Besides, regardless to OBI,
effective HBV vaccination should be carried out for
health care workers. Also a booster dose of HBV
vaccine should be put into practice for individuals with
a low titer of anti-HBs (< 100 IU/mL).

CONCLUSION
OBI is a life-threatening public health problem world
wide. The detection of OBI is costly, especially for
developing countries, therefore many patients with
OBI may remain undiagnosed. OBI is an important risk
fact for developing cirrhosis and HCC.
OBI can be controlled in high risk groups, provided
that the implementation of highly sensitive molecular
means used for detection HBV DNA as a preventive
measure.
With regard to the consequence of OBI, for
improving the treatment and management, the
screening of HBV DNA by real-time PCR should be
implemented in the following groups: (1) patients with
a previous history of HBV infection; (2) HBV patients
coinfected with HCV/HIV; (3) patients undergoing
chemtherapy anti-CD20 therapy; (4) recipients
of organ transplant; (5) blood donors; (6) organ
transplant donors; (7) thalassemia or hemophilia
patients; h) health care workers; (8) patients with
cryptogenic hepatitis or cryptogenic liver related
disease (cirrhosis and HCC); (9) HD patients; (10)
patients treated with lamivudine or interferon; and (11)
children in time of HBV vaccination, especially in highly
endemic areas of HBV. Besides, recent data revealed
that reactivation of HBV was observed in patients with
breast cancer receiving chemotherapy. Therefore, the
screening of OBI should be implemented in patients
with breast cancer.
In addition, proper disinfection should be performed
for dialysis, endoscopy, colonoscopy and endoscopy

OBI REACTIVATION
In OBI patients, HBV DNA may persist in two forms:
episomal free cccDNA or integration into the DNA of
hepatocytes. OBI may be generated by subsequently
resolved acute HBV infection, occurrence of mutation
in “a” determinant of the HBsAg gene, coinfection with
HCV or HIV, and cellular epigenetic changes. In OBI,
HBsAg is undetectable in serum with positive/negative
[172,175,193]
anti-HBc status
. OBI reactivation may take
place with increasing HBV DNA replication in patients
[185,186,189-199]
during immunosuppression therapy
.
OBI reactivation was described with enhancing
HBV DNA replication in HIV patients during anti[200]
retroviral therapy
. OBI reactivation resulted in
the development of fulminant hepatitis in patients
[200,201]
with cancer who underwent chemotherapy
.
The risk of HBV reactivation is considered as high as
21% to 67% when immunosuppression is distinct,
particularly in onco-hematological patients, in those
receiving hematopoietic stem cell transplantation
and in those treated with the anti-CD20 monoclonal
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units.
The effective HBV vaccination program should be
carried out for the close relatives of patients who are
negative for OBI. The third generation HBV vaccines
containing preS1 and preS2 antigens have been
developed with excellent immunogenicity in humans,
and rapid antibody responses may be able to control
[215,216]
the further incidence of OBI
.
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Long non-coding RNAs (lncRNAs), a newly disco
vered class of ncRNA molecules, have been widely
accepted as crucial regulators of various diseases
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Core tip: Long non-coding RNAs (lncRNAs), a newly
discovered class of non-coding RNA molecules, have
been widely identified as crucial regulators of various
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biomarkers and therapeutic targets.

diseases including cancer. Aberrant expression of
lncRNAs frequently occurs in gastrointestinal cancer and
plays emerging roles in cancer metastasis. We focus
on and outline the regulatory functions of recently
identified metastasis-associated lncRNAs and evaluate
the potential roles of lncRNAs as novel diagnostic
biomarkers and therapeutic targets in gastrointestinal
cancer.

Overview of lncRNAs
LncRNAs can be generated at any region of the
genome by RNA polymerase Ⅱ /Ⅲ , and most of
them are polyadenylated and located within nuclear
[3]
or cytosolic fractions . Interestingly, lncRNAs can
undergo alternative splicing similarly to protein coding
RNAs, and develop secondary and even tertiary
structures to form specific functional domains. These
domains provide greater potential for interaction with
[11,12]
DNA, RNA or proteins
. The detailed classification
of lncRNAs can be complex. According to the genome
position with their neighboring protein-coding genes,
lncRNAs can be divided into sense, antisense, intronic,
intergenic, and divergent lncRNAs (Figure 1). Sense
lncRNAs are transcribed from the same strand as
protein-coding genes, while antisense lncRNAs are
generated from antisense strands. Both can overlap
with exonic or intronic regions, or cover entire proteincoding regions. Intronic lncRNAs are entirely generated
from introns of protein-coding genes, while intergenic
lncRNAs are transcribed from the regions between two
protein-coding genes. Divergent lncRNAs are located
on the opposite strands of the protein-coding genes,
the transcription of which starts within 1000 base
pairs. Compared with protein-coding genes, lncRNAs
are lower in abundance and poorer in interspecies
sequence conservation, and frequently occur in the
[13]
nucleus . lncRNAs can be located in the nucleus
or cytoplasm, and different biological functions are
implicated depending on their subcellular localization
(Figure 2).
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INTRODUCTION
Gastrointestinal cancers (GCs) are among the most
lethal cancers worldwide. In 2012, there were
estimated more than 2.8 million new cases and 1
[1]
817 200 deaths worldwide . Although multimodal
therapeutic regimens have been applied, survival from
gastrointestinal cancers remains in a narrow range
[2]
of 25% to 30% in most countries . One reason for
this poor survival rate is distant metastasis before
diagnosis. Metastasis is one of the most significant
features of cancer and frequently occurs in multiple
sequential steps. Thus, a detailed understanding of
the precise molecular mechanisms underlying GC
metastasis is urgently required.
Recent studies have found that protein-coding
genes and non-protein-coding genes are abundantly
transcribed in the human genome, especially ncRNAs,
which account for more than 70% of the human
[3-5]
genome . A large number of transcripts are ncRNAs,
including miRNAs (miRNAs) and lncRNAs, as well as
several other types of RNAs. MiRNAs are mostly known
ncRNAs, with molecules of around 22 nucleotides in
length that regulate target gene expression at the post[6]
transcriptional level . lncRNAs are roughly defined
as molecules greater than 200 nucleotides in length
[5]
that are devoid of evident open reading frames .
With the development of high-throughput sequencing,
increasing numbers of lncRNAs are being revealed
and extensively investigated. It is now recognized
that lncRNA alterations are highly tumor- and lineagespecific and regulate various stages of cancer,
including chromatin remodeling, gene transcription,
[7-10]
and post-transcriptional modifications
. Over the
past decades, multiple studies have demonstrated
that lncRNAs are aberrantly expressed in GCs and
are associated with tumor metastasis. In this article,
we summarize the molecular mechanisms of lncRNAs
identified in GCs, especially those that are significantly
associated with tumor metastasis, and discuss
the potential role of lncRNAs as novel diagnostic
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Nuclear lncRNAs
Multiple lines of evidence have indicated that nuclear
lncRNAs function by guiding chromatin modifiers
[10]
to their specific genomic loci . Genomic DNA is
surrounded by histone proteins and packaged into
an advanced structure termed chromatin. Histones
can be modified in various ways, and as a result can
influence the potential DNA functional state. Recent
studies have demonstrated that most nuclear lncRNAs
function through interacting with and modulating the
activity of chromatin regulatory complexes, thereby
[8,10]
guiding them to their specific genomic loci
.
For example, they can recruit protein complexes
from the Trithorax group (TrxG) or Polycomb group
(PcG), and guide these protein complexes to specific
[14,15]
sites for action
. Generally, TrxG proteins are
essential for active gene expression, while PcG
[16,17]
proteins function by repressing expression
.
Transcriptional activation may be promoted by
lncRNAs via recruitment of chromatin regulatory
complexes such as histone H3K4 methyltransferase,
which is frequently located at the promoter regions
of the transcribed genes. Furthermore, the common
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[18,19]

marks of silenced heterochromatin contain di- and trimethylated H3K9, trimethylated H3K27 and Polycomb
Repressive Complex 2 (PRC2). PCR2 is composed of
four core components including Enhancer of zeste,
Suppressor of zeste 12 homolog, Embryonic ectoderm
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development and RbAp46/48
. As lncRNAs are
frequently located in the nucleus, their molecular
functions can be divided into three main categories:
modification of chromatin structures, transcriptional
control, and mRNA/miRNA processing. For example,
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the X-inactive specific transcript (Xist) gene was the
first lncRNA identified to be directly involved in the
formation of repressive chromatin domains, which
is necessary for reducing X-chromosome gene
[20]
expression in female genomes . Xist is expressed
in the X chromosome targeted for inactivation (Xi),
[21]
and produces multiple transcripts to “coat” Xi .
As lncRNAs can develop secondary or even tertiary
structures, they are proposed to be molecular
scaffolds through combinations of regulatory proteins.
During X inactivation, one of the steps in initiating
the process is the recruitment of PRC2 in cis by RepA
[22]
RNA, which originates from the 5′end of Xist .
Furthermore, the transcriptional repressor Yin Yang 1
(YY1) may be involved in the interaction between the
Xist and chromatin, because its deletion leads to a loss
[23]
of Xist loading on Xi . Recent studies have revealed
that YY1 can facilitate the loading of PRC2 to DNA
and initiate DNA methylation and chromatin silencing,
these findings suggest that YY1 is the docking factor
[22,23]
for the cis-acting nature of Xist
. Due to the
development of RNA technology, increasing numbers
of lncRNAs are being discovered, and are verified
to be associated with modification of chromatin.
HOX transcript antisense intergenic RNA (HOTAIR)
is another classical case. HOTAIR is a 2.2 kb lncRNA
expressed in the HOXC locus, which cooperates with
[24]
PRC2 to repress transcription of HOX genes . Tsai
[25]
et al
demonstrated that besides the 5′domain of
HOTAIR binding to PRC2, the 3′domain binds to LSD1,
resulting in H3K27me3 and H3K4me2 methylation,
[25,26]
which in turn leads to HOXD silencing
.
Nuclear lncRNAs also play important roles in
transcriptional control. Some lncRNAs can form
RNA-protein complexes with transcription factors
and modulate gene transcription. For example, the
lncRNA heat shock RNA 1 interacts with heat-shock
transcription factor 1 to form a protein complex that
induces expression of heat-shock proteins during
[27]
cellular heat-shock stress . As well as roles in positive
regulation, lncRNAs can function as transcription corepressors. Those transcribed from the Cyclin D1
(CCND1) promoter region are reported to change the
RNA-binding protein translocated in liposarcoma (TLS)
from an inactive to an active conformation. This causes
TLS to bind to and inhibit the enzymatic activities of
CBP and p300, which in turn leads to the silencing of
[28]
CCND .
Interestingly, lncRNAs are not only involved in
gene transcription but also in mRNA/miRNA pro
cessing. For example, metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) is a cancerrelated lncRNA, whose expression is deregulated in
[29,30]
many cancers including GCs
. MALAT1 regulates
the phosphorylation of the serine/arginine-rich (SR)
family of nuclear phosphoproteins (SR proteins)
and influences the distribution of splicing factors in
[31]
nuclear speckle domains . In addition, lncRNA FGFR2
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impairs binding of a repressive chromatin-splicing
adaptor complex via recruitment of PRC2 and KDM2a,
leading to the epithelial-specific alternative splicing
[32]
of FGFR2 . In some cases, lncRNAs are located
antisense to their known protein-coding genes. These
lncRNAs are also called natural antisense transcripts
(NATs). Recent studies indicated that NATs are
associated with mRNA processing. For instance, they
influence the splicing patterns of mRNAs at v-myc
avian myelocytomatosis viral oncogene homolog
[33]
(MYC) , tyrosine kinase containing immunoglobulin
and epidermal growth factor homology domain-1
[34]
(Tie-1) , and zinc-finger E-box binding homeobox
[35]
2 (ZEB2) . In these cases, lncRNAs form RNARNA duplexes with pre-mRNAs and inhibit splicing.
Processing of miRNAs can also be affected by lncRNAs.
For example, lncRNA H19 can be spliced into primiRNA of miR-675, and miR-675 is derived from
[36]
nucleotides 1014-1036 of human H19 RNA .

Cytoplasmic lncRNAs
Many lncRNAs are located in the cytoplasm, and these
lncRNAs often regulate gene expression through
sequence complementarity with target genes by base
pairing. In the cytoplasm, lncRNAs are responsible
for modulating translational control, promoting or
inhibiting mRNA stability and serving as molecular
“sponges” for miRNAs. For example, ubiquitin carboxyterminal hydrolase L1 antisense RNA 1 (Uchl1-AS1)
lncRNA is produced from the Uchl1 (ubiquitin carboxyterminal hydrolase L1) locus. The mature lncRNA
contains a 73-nucleotide complementary site with the
5′ end of the Uchl1 mRNA, which serves to upregulate
[37]
translation of Uchl1 mRNA . By contrast, tumor
protein p53 pathway corepressor 1 (Trp53cor1, also
known as lincRNA-p21) lncRNA negatively regulates
[38]
gene translation in human cervical carcinoma .
Similarly, lncRNAs can modulate mRNA stability
positively or negatively. The lncRNA-activated by
TGF-β (lncRNA-ATB) is upregulated in hepatocellular
carcinoma (HCC). It binds IL-11 mRNA and triggers
STAT3 signaling, promoting the colonization of organs
[39]
by disseminated tumor cells . By contrast, Alu repeatcontaining lncRNAs are associated with targeting
mRNA transcripts for Staufen-mediated decay, and
[40]
destabilizing the target mRNA . Aside from binding
to mRNA, lncRNAs can act as decoys to attenuate
miRNA regulation. For example, HOTAIR functions as
a competing endogenous RNA by “sponging” miR331-3p, thereby modulating the derepression of
human epidermal growth factor receptor 2 (HER2) and
[41]
promoting GC progression . Furthermore, another
study demonstrated that HOTAIR is involved in the
upregulation of human leukocyte antigen (HLA-G)
[42]
through inhibition of miR-152 in GC . As increasing
numbers of lncRNAs are being identified, we believe
that new perspectives on the mechanisms of lncRNA
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function will come to light in the near future.

cancer metastasis. For example, miR-29b can inac
tivate the MAPK/ERK and PI3K/AKT pathways via
dephosphorylation of ERK1/2 and AKT in CRC, which
leads to repression of metastatic capacity in cancer
[91]
cells . Pathway regulation is mediated not only by
miRNAs, but also by lncRNAs. PVT-1 is located at
8q24, whose copy number is amplified in CRC. As
observed using gene expression microarray analysis,
the TGF-β signaling pathway is upregulated by PVT-1
[65]
knockdown . MALAT1 was first identified in lung
cancer, and is an indicator of probability of survival and
[92]
metastasis in early-stage non-small cell lung cancer .
However, it also plays oncogenic roles in other cancers.
MALAT1 was demonstrated to be an independent
prognostic parameter in gallbladder carcinoma (GBC);
its downregulation reduced phosphorylated MEK1/2,
ERK 1/2, MAPK, and JNK 1/2/3, and inactivation of the
ERK/MAPK pathway led to the partial impairment of
[76]
proliferation and metastasis .
Wnt/β-catenin signaling is a classical pathway
in cancer, and frequently correlates with cancer
metastasis. During Wnt/β-catenin signaling activation,
β-catenin often translocates to the nucleus from the
cytoplasm, and cooperates with transcription factors
such as TCF/LEF to induce downstream target genes
such as c-Myc, MMP-7, and CD44. In CRC, MALAT1
was found to increase the nuclear localization of
β-catenin, activating Wnt/β-catenin signaling to
enhance expression of c-Myc and MMP-7, which are
[49]
involved in CRC cell metastasis . HOTAIR cooperates
with the PRC2 complex, leading to H3K27me3 and
[25,26]
H3K4me2 methylation and HOXD gene silencing
.
In esophageal squamous cell carcinoma (ESCC),
HOTAIR is significantly upregulated, and has been
shown to promote migration and invasion of ESCC cells
[43]
in vitro . Gene microarray analysis indicated that the
expression of WNT/β-catenin associated gene WIF-1
changed most significantly in HOTAIR overexpressing
cells. A further study showed that HOTAIR promoted
H3K27 methylation in the promoter region of WIF-1
and inhibited WIF-1 expression, and that the low
expression of WIF-1 triggered Wnt/β-catenin signaling,
thereby promoting ESCC invasion and migration.

Aberrant expression of lncRNAs in
gastrointestinal cancer
The development of GC is a complex process, although
several serum tumor markers such as carcinoembryonic
antigen (CEA) and CA19.9 are recommended for clinical
applications, their low sensitivity and specificity remain
a severe challenge for clinicians. Recent observations
demonstrate that lncRNAs are aberrantly expressed
in GCs, and have roles in tumorigenesis. Among the
most prominent deregulated lncRNAs in gastrointestinal
cancer are HOTAIR, MALAT1, and H19, which are
upregulated in various cancers and are involved in
migration, invasion, metastasis, dissemination and
are associated with a more advanced tumor, node,
metastasis (TNM) stage. For example, high HOTAIR
expression in cancerous tissues closely correlates with
[43-45]
poor prognosis in GC
. Surprisingly, for colorectal
cancer (CRC) patients, plasma levels of HOTAIR were
significantly higher than those in healthy controls,
and high levels of HOTAIR were associated with an
unfavorable prognosis. This indicated that the HOTAIR
plasma level could act as a new biomarker for CRC
[46]
patients . In GC, circulating H19 in plasma was also
higher than in healthy controls, and after surgery,
[47]
circulating H19 was reduced . In GC tissues, lncRNA
AA174084 expression was found to be downregulated
compared to expression in the paired normal tissues,
although the AA174084 plasma level was positively
associated with invasion and metastasis. Plasma
levels of AA174084 dropped after surgical treatment,
and A174084 levels in gastric juice were significantly
higher in GC patients. These observations provide
evidence that A174084 could be a potential biomarker
[48]
for early diagnosis in GC . Resveratrol, a monomer
extracted from a Chinese herbal medicine Polygonum
cuspidatum, is known to inhibit metastasis of CRC.
Studies have shown that Resveratrol exerts anti-tumor
effects via MALAT1-mediated Wnt/β-Catenin signaling;
co-repression of MALAT1 led to the enhancement
[49]
of Resveratrol-induced anti-cancer effects . These
emerging studies elegantly indicate that lncRNAs could
be promising future diagnostic markers or therapeutic
targets, and that combining lncRNA-based strategies
with existing methods would improve the accuracy
of diagnosis and efficacy of treatments in a clinical
setting. Increasing evidence demonstrates that lncRNA
expression levels correlate with GC. A summary of
aberrantly expressed lncRNAs, their gene locus, product
size, expression status, and biological function are
[41-46,48-90]
shown in Table 1
.

lncRNAs participate in Epithelialto-mesenchymal transition
The epithelial-mesenchymal transition (EMT) is
a biological process in which polarized epithelial
cells acquire a mesenchymal cell phenotype. It is a
process known to enhance cancer cell metastasis,
invasiveness, and chemoresistance. Recent studies
have verified that noncoding RNAs are frequently
involved in the EMT process, especially miRNAs. For
example, miR-187, as a downstream target of TGF-β,
inhibits EMT by suppressing the expression of multiple
[93]
targets in CRC . The maturation of high throughput
genomic tools, such as high-resolution microarray and

lncRNAs are associated with
cancer-related pathways
Cancer-related pathways play essential roles in
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Table 1 Aberrant expression of lncRNAs and their gene locus, product size, expression status and biological function
lncRNAs

Cancer
type

Gene locus

Size

Expression

Correlation
with
metastasis

Biological function

91H

CRC

119392nt

Up

Positive

Migration and invasiveness[50]

AK123657
BX649059
BX648207
CCAT1

CRC

11p15.5
(H19/IGF2
locus)
NA

8q24.21

Down
Down
Down
Up

Negative
Negative
Negative
Positive

Inhibit cell invasion, and serve as promising biomarkers for prognosis[51]

CRC

2126 nt
3967 nt
5032 nt
2628 nt

CCAT2

CRC

8q24.21

1752 nt

Up

Positive

FER1L4
HOTAIR

CRC
CRC

20q11.22
12q13.13

6717 nt
2370 nt

Down
Up

Negative
Positive

LOC285194
MALAT1

CRC
CRC

3q13.31
11q13.1

2105 nt
8758 nt

Down
Up

NA
Positive

MEG3
ncRAN
ncRuPAR
NEAT1
PVT-1
TUG1
91H
AFAP1-AS1

CRC
CRC
CRC
CRC
CRC
CRC
ESCC
ESCC

Down
Up
Down
Up
Up
Up
Down
Down

NA
Positive
NA
NA
NA
Positive
Negative
Positive

Up
Up

Negative
Positive

Potential prognostic biomarker and therapeutic target[69]
H19 CBS6 hypermethylation leads to IGF2 overexpression and cancer
progression[70]

Up-regulated across the colonadenoma-carcinoma sequence and activated by
C-myc to promote metastatic process[52,53]
Interacts with TCF7L2 which leads to genomic instability, cell invasion and
forms a feedback loop with WNT signaling[54]
Suppresses oncogenesis via inhibiting miR-106a-5p[55]
Interacts with PRC2 complex and participates in EMT[45,56]; the blood levels of
HOTAIR also serves as a negative prognostic factor[46]
Novel biomarker of cancer metastasis[57]
3' end of MALAT-1 (6918 nt-8441 nt) promotes migration and invasion
and AKAP-5 is a downstream target protein[58,59]; Mediates Wnt/β-catenin
signalling[49]; Upregulated by tumor-associated dendritic cells expressed
CCL5 and enhances Snail to promote migration, invasion and EMT[60]
Potential marker for prognosis[61]
Promotes migration and invasion[62]
Potential biomarker[63]
Indicator of tumor differentiation, invasion and metastasis[64]
Antiapoptotic activity[65]
Activates EMT and promotes migration, invasion[66]
Inhibits IGF2 expression and regulates tumor development[67]
Hypomethylated and overexpressed in ESCC, promotes migration and
invasion in a AFAP1 independent manner[68]

CCAT2
H19

14q32
1595 nt
17q25.1
2538 nt
5q13.3
486 nt
11q13.1
3756 nt
8q24
1957 nt
22q12.2
7598 nt
11p15.5
119.392kb
(H19/IGF2
6810 nt
locus)
4p16.1
(AFAP1 locus)
ESCC
8q24.21
1752 nt
ESCC
11p15.5
2362 nt

HNF1A-AS1

ESCC

(IGF2 locus)
12q24.31

2455 nt

Up

Positive

Upregulated in primary ESCC , affects assembly of chromatin and the
nucleosome process by H19 induction[71]

HOTAIR

ESCC

(HNF1A
locus)
12q13.13

2370 nt

Up

Positive

MALAT1

ESCC

11q13.1

> 8 kb

Up

Positive

MALAT1

GBC

11q13.1

8758 nt

Up

Positive

AA174084

GC

13q33.1

601 nt

Up

NA

AC130710

GC

2p24.3

984 nt

Up

NA

AK058003
BM742401
FENDRR

GC
GC
GC

10q22
18q11.2
3q13.31

1197 nt
1788 nt
3099 nt

Up
Down
Down

NA
Negative
Negative

GAPLINC

GC

18p11.31

924 nt

Up

Positive

H19

GC

11p15.5

2362 nt

Up

Positive

Medicates migratory capacity[44,72,73]; promotes histone H3K27 methylation
and activates Wnt/β-catenin signaling and decreases WIF-1, lead to
metastasis[43]
Target of miR-101 and miR-217 and promotes migration, invasion and
metastasis[74]
Binds to SFPQ, leading to PTBP2 release from SFPQ/PTBP2 complex[75];
Activates the ERK/MAPK pathway and promotes metastasis[76]
The expression level in gastric juice is a potential marker for the early
diagnosis of GC[48]
As a target of miR-129-5p and may be a potential biomarker for GC
prognosis[77]
Induced by hypoxia and regulates SNCG to promote metastasis[78]
Decreases expression of MMP9 and inhibits metastasis-related phenotypes[79]
Downregulates FN1 and MMP2/MMP9 to suppress invasion and
migration[80]
Competes to bind with miR-211-3p,which leads to the increased translation
of CD44 and promotes proliferation, migration, and angiogenesis[81]
Target of c-Myc and promotes migration, invasion and metastasis by
the direct upregulation of ISM1 and indirect suppression of CALN1 via
miR-675[82,83]

HOTAIR

GC

(IGF2 locus)
12q13.13

2370 nt

Up

Positive

HULC

GC

6p24.3

About 1.6
kb

Up

Positive
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Novel biomarker for prognosis and promotes metastasis via PCBP1
inhibition[61,84-87]; as a ceRNA of miR-331-3p and modulates the derepression
of HER2[41]; Upregulates HLA-G via inhibiting miR-152[42]; binds to PRC2
complex and epigenetically represses miR34a, which inhibits HGF/Met/
Snail pathway and Snail, leads to EMT and metastasis[55]
Promotes EMT[88]
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LEIGC
OR3A4

GC
GC

2q14.1
17p13.3

2659 nt
1202 nt

Down
Up

Inhibits EMT[89]
Promotes migration, invasion, tubule formation, vasculogenic mimicry,
angiogenesis by regulating PDLIM2, MACC1, NTN4, and GNB2L1[90]

Negative
Positive

CRC: Colorectal cancer; GBC: Gallbladder carcinoma; GC: Gastric cancer; ESCC: Esophageal squamous cell carcinoma; NA: Data not available.

massively parallel sequencing technology, has led to
the discovery of an extensive range of lncRNAs. There
is a growing understanding that lncRNAs and their
associated signaling networks may participate in the
induction and regulation of EMT to modulate cancer
[94]
metastasis . Esophagus epithelial intergenic specific
transcript (Epist) acts as a tumor suppressor by
[95]
inhibiting EMT , and TGF-β stimulation significantly
suppresses the expression of Epist. These findings
reveal a new plausible mechanism by which TGF-βinduced EMT could take place.
Taurine upregulated gene 1 (TUG1) was originally
reported as a transcript that is upregulated by
taurine, and it was also observed to be up-regulated
[66]
in CRC . TUG1 overexpression was shown to
enhance the migration and invasion capacity of
CRC cells significantly. A decrease in the epithelial
hallmark E-cadherin combined with an increase in
the mesenchymal markers N-cadherin, vimentin,
and fibronectin, indicated that TUG1 promoted CRC
metastasis by mediating EMT. Another two studies
[56]
suggested that HOTAIR
and highly upregulated
[88]
in liver cancer (HULC)
promoted metastasis of
CRC by participating in EMT, although the underlying
mechanisms require further investigation. In GC,
microarray and quantitative real-time PCR identified a
new, specific, differentially expressed lncRNA termed
[89]
LEIGC . LEIGC is a 2659 nt transcript located at
2q14.1, and contains two exons. Intriguingly, LEIGC
knockdown in MGC803 cells induced them to assume
a spindle-shaped morphology, whereas LEIGCoverexpression induced a cobblestone-like phenotype,
suggesting that LEIGC may be involved in EMT. Further
investigation revealed that LEIGC knockdown reduced
E-cadherin expression while increasing expression
of vimentin, Snail, Slug, Zeb, and Twist. These data
indicated that LEIGC may be a potential EMT inhibitor
in GC.
Mounting evidence suggests that tumor-associated
dendritic cells and the tumor microenvironment are
critical factors for cancer metastasis. Many inflammatory
factors such as chemokines and cytokines have been
implicated as being strongly associated with EMT and
metastasis. Increasing numbers of studies support the
hypothesis that tumor-associated dendritic cells (TADCs)
influence the inflammatory cancer microenvironment
and contribute to an aggressive cancer phenotype.
[60]
Kan et al
found that TADCs secreted high levels of
Chemokine (C-C motif) ligand 5 (CCL5), and that CCL5
stimulation upregulated MALAT1 expression in CRC
cells. This in turn led to an increase in Snail expression,
resulting in enhanced EMT and cancer progression.
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HOTAIR is known to play important roles in epi
[24-26]
genetic regulation
. In GC tissue, HOTAIR expression
was shown to correlate negatively with E-cadherin
[96]
expression . Western blot assays confirmed that
HOTAIR could promote EMT. Bioinformatics analysis
showed that miR-34a, which is known to be involved
in the C-Met (HGF/C-Met/Snail pathway) and Snail
pathway and to repress EMT, was a downstream
microRNA of HOTAIR. RNA immunoprecipitation (RIP)
assays indicated that HOTAIR could recruit and bind to
the PRC2 complex and repress miR-34a epigenetically
in GC. This research provided a new insight into the
RNA regulatory network, and supported the hypothesis
that chromatin modification not only affects protein
levels, but also controls miRNA expression.

MALAT1
MALAT1 is a highly conserved lncRNA that was
originally identified and is highly expressed in
metastatic non-small-cell lung cancer. Recent studies
have demonstrated that MALAT1 is overexpressed
in other human malignancies, including CRC, GC,
and ESCC, and is associated with tumor metastasis.
The underlying mechanism of MALAT1 in promoting
metastasis is complex. One fragment (6918 nt-8441
nt) of MALAT1 located at the 3′end of the MALAT1 gene
has biological functions in CRC, providing an excellent
example for MALAT1 as an accurate therapeutic target
[58]
in CRC . Using genome-wide expression profiling
analysis, a novel downstream target, PRKA kinase
anchor protein 9 (AKAP-9) was identified, providing
a novel insight into the mechanism of MALAT1
[59]
involvement in CRC development . MALAT1 can
activate several cancer-related pathways such as the
[76]
[49]
ERK/MAPK pathway
and Wnt/β-catenin pathway .
MALAT1 can also interact with other proteins, such as
splicing factor proline/glutamine rich (SFPQ), leading
to the release of polypyrimidine tract binding protein 2
[75]
(PTBP2) from the SFPQ/PTBP2 complex . In addition
to proteins, MALAT1 also interacts with RNAs, such as
the tumor suppressor miRNAs miR-101 and miR-217,
[74]
and affects their post-transcriptional regulation . One
study also showed that MALAT1 is regulated by tumor[60]
associated dendritic cells (TADCs) , providing a novel
insight into the interaction between TADCs and cancer
metastasis, and indicating that targeting MALAT1 is
a potential strategy to improve immunotherapeutic
efficacy. Taken together, the results of these studies
support an oncogenic role for MALAT1 in GC (Figure 3),
presenting it as a promising biomarker and therapeutic
target for metastatic cancers.
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Figure 3 Regulating function of metastasis-associated lung adenocarcinoma transcript 1 in gastrointestinal cancer. CCL5 secreted by tumor-associated
dendritic cells (TADCs) can promote MALAT1 expression. MALAT1 activates the ERK/MAPK pathway and Wnt/β-catenin pathway. Snail and AKAP-9 are downstream
targets of MALAT1. miR-101 and miR-217 can regulate MALAT1 in 3’UTR region. MALAT1 can also bind to SFPQ/PTBP2 complex and promote the release of
PTBP2. MALAT1: Metastasis-associated lung adenocarcinoma transcript 1.

population revealed that the presence of H19 single
nucleotide polymorphisms (SNPs) rs217727C>T and
rs2839698C>T significantly correlated with susceptibility
[98]
to GC . These findings indicated an important role
for H19 variants in gastric carcinogenesis. In ESCC,
[70]
Gao et al
found that hypermethylation of CBS6
on H19 was related to loss of imprinting (LOI) of
IGF2, which indicated overexpression of the gene.
Enhanced expression of IGF2 was closely correlated
with cancer metastasis, suggesting that H19 CBS6
methylation might be a novel, clinically relevant
epigenetic marker for poor prognosis and ESCC meta
stasis. In GC, H19 was a novel target of c-Myc, in
SGC-7901 and in BGC-823 cells. Exogenous c-Myc
significantly induced H19 expression to increase by
approximately 3-folds compared to controls. However,
the underlying molecular mechanisms remain to be
[82]
fully elucidated . Investigations showed that H19
is a precursor of miR-675, and that H19 is involved
in biological functions that are partly dependent on
[83]
the activity of miR-675. Li et al
developed a H19/
miR-675 knockdown model in the GC cell line MKN45,
and found that calneuron 1 (CALN1) was a target
of miR-675. H19 suppressed CALN1 by promoting
the generation of miR-675. Conversely, H19 also
upregulated expression of its binding protein isthmin
1 (ISM1) directly, suggesting that this function of H19
could be independent of miR-675 activity. In addition,
recent reports confirmed that eukaryotic translation
initiation factor 4A3 (eIF4A3) also binds to H19 in
[99]
CRC , and that H19 recruits eIF4A3, resulting in

HOTAIR
HOTAIR is a 2.2 kb lncRNA expressed in HOXC
locus, which is known to participate in epigenetic
regulation in cooperation with the PRC2 complex,
leading to H3K27me3 and H3K4me2 methylation
[24]
and gene silencing . Overexpression of HOTAIR has
[84,85]
[72]
been observed in GC
, ESCC , gastrointestinal
[97]
[56]
stromal tumor
and CRC . Notably, the level of
HOTAIR expression in the blood as well as within the
primary tumors was also a reliable biomarker for
[46,47]
metastasis in CRC and GC
. Although HOTAIR is
known to cooperate with the PRC2 complex, it is still
not known whether this regulation exists in CRC. A
cDNA microarray and gene set enrichment analysis
provided evidence for a correlation between HOTAIR
[45]
and PRC2 complex expression in CRC . HOTAIR
can also modulate HER2 and HLA-G expression by
competitively binding to their miRNAs, such as miR[41,42]
331-3p and miR-152
. Therefore, HOTAIR could be
a promising prognostic biomarker and a therapeutic
target for GC (Figure 4).

H19
H19 is localized at 11p15.5, where a highly con
served cluster of imprinted genes is encoded, such
as paternally expressed insulin-like growth factor
2 (IGF2) and maternally expressed H19. The
oncogenic role of H19 has been found in a number
of cancers. A case-control study in the Chinese Han
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Other potential metastasisassociated lncRNAs

c-Myc

LncRNA 91H is located in the H19/IGF2 locus, and
low expression of 91H is associated with imprinting
[67]
control region methylation of H19 , which is known
to cause IGF2 overexpression via loss of genomic
[70]
imprinting . Through the indirect inhibition of IGF-2
in ESCC, 91H inhibits the occurrence, progression,
and prognosis of ESCC. Conversely, another study
suggested that 91H was overexpressed in CRC tissues
[50]
as well as cell lines , and might be associated with
copy number variation (CNV) in the 11p15.5 region.
These findings showed that lncRNAs are highly tumor
and lineage specific, and that different regulatory
mechanisms might lead to different biological func
tions in cancer.
A novel specific lncRNA expressed in GC is termed
gastric adenocarcinoma predictive long intergenic
noncoding RNA (GAPLINC). High expression of
GAPLINC indicates severe lymph node invasion and
poor prognosis. Ectopic expression of GAPLINC in
MGC803 and SGC901 cell lines significantly enhances

H19

CALN1

A3

1

eIF4

ISM1

Cell-cycle
gene

ISM

miR-675

Metastasis

Tumor growth

Figure 5 Regulating function of H19 in gastrointestinal cancer. H19 is
transcribed by transcription factor c-Myc. H19 can be spliced into pre-miRNA of
miR-675, and suppresses miR-675 target gene CALN1. H19 also binds with its
binding protein ISM1 or Eif4A3 and promotes metastasis or growth.

obstructing the interaction between eIF4A3 and cellcycle gene mRNA (Figure 5).

WJG|www.wjgnet.com

8743

October 21, 2016|Volume 22|Issue 39|

Zhang FF et al . Metastasis-associated lncRNAs in gastrointestinal cancer
their invasive capacity. GAPLINC regulates CD44
mRNA at post-transcriptional level, and miR-221-3p
targets both GAPLINC and CD44. GAPLINC increases
CD44 expression by competing for miR-211-3p, which
contributes to a reduced rate of degradation of CD44
[81]
mRNA in cytoplasm .
Olfactory receptor, family 3, subfamily A, member 4
(OR3A4) is a novel lncRNA overexpressed in GC. High
OR3A4 expression levels are significantly associated
with metastasis. Functional experiments performed in
SGC7901 and NCI-N87 indicated that OR3A4 promotes
GC cell proliferation, migration, invasion, tubule
formation, vasculogenic mimicry, angiogenesis, and
tumorigenicity. Four target genes of OR3A4 have been
identified: PDLIM2, MACC1, NTN4, and GNB2L1. These
results suggest that OR3A4 might play an important
[90]
role in GC progression .
In order to search lncRNA signatures to predict
[51]
prognosis of CRC, Hu et al
analyzed lncRNA
expression in large CRC cohorts obtained from Gene
Expression Ominus databases. Six of the identified
lncRNAs included two genes with enhanced expression
in CRC, AK024680, AK026784, and four lower
expressed genes with reduced expression, AK123657,
CR622106, BX649059, and BX648207. These six
genes were significantly correlated (positively or
negatively) with disease free survival. Among them,
functional experiments demonstrated that three
downregulated lncRNAs, AK123657, BX648207 and
BX649059, were required for suppressing invasion and
proliferation in CRC cell lines. The lncRNAs identified
in this study could be potential biomarkers and
[80]
therapeutic targets for CRC in the future .

participate in chromatin modification, leading to DNA
methylation and gene control, including expression
of miRNAs. HOTAIR is known to cooperate with the
PRC2 complex and repress transcription of HOX
[24-26]
genes
. In ESCC, WIF-1 expression is decreased
[43]
by HOTAIR . Mechanistically, HOTAIR promotes
histone H3K27 methylation in the promoter region
of the WIF-1 gene, and directly decreases WIF-1
expression. In GC, HOTAIR recruits and binds to
the PRC2 complex and epigenetically represses
miR34a, leading to the enhancement of C-Met
(HGF/C-Met/Snail pathway) and Snail activation,
[55]
and thus contributes to EMT and metastasis .
This work provided a new insight into the RNA re
gulation network, and demonstrated that chromatin
modification not only affects protein levels, but also
controls miRNA expression. Another study showed
that HNF1A antisense RNA 1 (HNF1A-AS1), a 2455
nt lncRNA located at chromosomal band 12q24.31, is
markedly upregulated in esophageal adenocarcinoma
(EAC) and that HNF1A-AS1 knockdown significantly
inhibits cell proliferation, migration, and invasion.
Microarray analysis and GO enrichment analysis
revealed that HNF1A-AS1 knockdown affected
chromatin/nucleosome assembly by inhibiting lncRNA
[71]
H19, which contributed to cancer metastasis .

role of lncRNAs in translational
control
Colon cancer associated transcript 2 (CCAT2), a novel
lncRNA encompassing the rs6983267 SNP, is highly
overexpressed in microsatellite-stable (MSS) CRC, and
promotes cancer growth and metastasis. Genomics
analysis showed that the oncogene MYC is located
in the same region as CCAT2. CCAT2 regulated MYC
expression and affected MYC downstream genes such
as miR-17-5p and miR-20a. Transcription factor 7 like
2 (TCF7L2) was confirmed as the promoter of MYC,
and physical interaction between CCAT2 and TCF7L2
enhanced TCF7L2 transcriptional activity. This resulted
in an increase in MYC and a change in downstream
[54]
gene expression and pathway activity . Notably,
CCAT2 itself was a downstream target of TCF7L2mediated WNT signaling, indicating existence of a
feedback loop during carcinogenesis.

Molecular mechanismS of lncRNAs
in gastrointestinal cancer
Previously, we have categorized the molecular
mechanisms of lncRNAs into modification of chromatin
structures, transcriptional control, mRNA/miRNA
processing, translational control, mRNA stability
control, and roles as molecular “sponges” for miRNAs.
However, these mechanisms are not absolutely
independent of each other, and one lncRNA may use
several processing controls. In this section, we will
focus on the molecular mechanisms of metastasisassociated-lncRNAs in GC, and provide insights
into interpreting results of previous investigation of
lncRNAs.

role of lncRNAs in mRNA/miRNA
processing
H19 was reported to be the precursor of miR-675, a
regulator of CALN1. H19 promoted metastasis of GC
via regulation of the miR-675/CALN1 axis. However,
H19 banded to ISM1 and upregulated ISM1 expression
directly, which suggested that H19 could also work in
[83]
an miR-675 independent manner .

role of lncRNAs in chromatin
modification
Many lncRNAs are located in the nucleus and form
secondary or tertiary structures. They can interact
with specific chromatin regulatory complexes and
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health, and metastasis is the leading cause of death
from these cancers worldwide. Recently, lncRNAs
have attracted remarkable attention from researchers,
and increasing evidence suggests that lncRNAs are
frequently aberrantly expressed in cancers, and play
vital roles in various biological processes including
cancer metastasis. In this review, we focus on the
metastasis-associated lncRNAs in GCs. Characterization
of their deregulated expression, especially in blood
or other fluids, could provide novel biomarkers for
cancer diagnosis and prognosis, including early
[46-48]
diagnosis and observation of cancer progression
.
Many lncRNAs have been demonstrated to participate
in cancer metastasis by influencing the process of
EMT and affecting pathways required for cancer
metastasis. The molecular mechanisms of lncRNA
involvement in cancer include chromatin modification,
transcriptional control, mRNA/miRNA processing,
translational control, mRNA stability control and
acting as “sponges” for miRNAs. However, the roles
and mechanisms of metastasis-associated lncRNAs in
GC still require further investigation and evaluation.
Through promoting the understanding of lncRNAs in
cancer, lncRNAs may be implicated as new targets for
biological therapeutics.

role of lncRNAs as “sponges” for
miRNAs
lncRNAs and mRNAs may share some of the same
response elements of miRNAs. In these cases, lncRNAs
may serve as competing endogenous RNAs (ceRNAs)
to sponge miRNAs, regulating target gene expression
in post-transcriptional regulation. The function of
ceRNAs is one of the most commonly investigated
mechanisms of lncRNA activity, and completes the
post-transcriptional regulatory network.
miR-331-3p and miR-124 directly target HOTAIR,
which is reported to play a critical role in GC
metastasis. Moreover, miR-331-3p also targets HER2
at the 3′-UTR region, providing compelling evidence
that targeting HOTAIR would be a useful therapeutic
[41]
strategy in GC . HOTAIR competitively binds to
miR-152 and attenuates its expression in GC, leading
to the release of HLA-G, which has been identified
as a target of miR-152 and is associated with cancer
[42]
metastasis .
lncRNA AC130710 is overexpressed in GC, and
its expression is significantly associated with tumor
size, TNM stage, and distal metastasis. Bioinformatics
analysis uncovered that AC130710 had nine com
plementary binding sites to miR-129-5p. A miR-1295p mimic significantly decreased AC130710 expression,
suggesting that miR-129-5p could regulate AC130710
[77]
expression through binding with complementary sites .
A newly described lncRNA, termed gastric ade
nocarcinoma associated, positive CD44 regulator, long
intergenic non-coding RNA (GAPLINC) is associated
with CNV and expression of oncogenic transcription
[81]
factors in GC . In GC cells, GAPLINC and CD44
[81]
were identified as common targets of miR-211-3p .
GAPLINC regulated CD44 as a decoy for miR-211-3p.
MALAT1, an acknowledged metastasis-associated
lncRNA, was predicted as a target of miR-101,
miR-217, miR-383, and miR-503 using bioinformatics
analysis. Among them, miR-101 and miR-217 mimics
decreased MALAT1 expression and were identified as
tumor suppressor genes in GC. This was proposed as
the mechanism involved in MALAT1 suppression at a
[74]
post-transcriptional level .
Through combining lncRNA microarray, bioinfor
matics algorithm databases such as miRcode, and
[100]
the miRNA target database TarBase, Xia et al
constructed an lncRNA-miRNA-mRNA network in GC.
Furthermore, in vitro experiments showed that lncRNAFER1L4 promoted the target gene RB transcriptional
corepressor 1 (RB1) expression by binding to miR106a-5p. Based on the previous report, FER1L4
suppresses oncogenesis by inhibiting miR-106a-5p
[55]
expression .
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Abstract
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Esophageal cancer is an aggressive malignancy asso
ciated with dismal treatment outcomes. Presence of
two distinct histopathological types distinguishes it from
other gastrointestinal tract malignancies. Surgery is the
cornerstone of treatment in locally advanced esophageal
cancer (T2 or greater or node positive); however, a high
rate of disease recurrence (systemic and loco-regional)
and poor survival justifies a continued search for
optimal therapy. Various combinations of multimodality
treatment (preoperative/perioperative, or postoperative;
radiotherapy, chemotherapy, or chemoradiotherapy) are
being explored to lower disease recurrence and improve
survival. Preoperative therapy followed by surgery is
presently considered the standard of care in resectable
locally advanced esophageal cancer as postoperative
treatment may not be feasible for all the patients due to
the morbidity of esophagectomy and prolonged recovery
time limiting the tolerance of patient. There are wide
variations in the preoperative therapy practiced across
the centres depending upon the institutional practices,
availability of facilities and personal experiences. There
is paucity of literature to standardize the preoperative
therapy. Broadly, chemoradiotherapy is the preferred
neo-adjuvant modality in western countries whereas
chemotherapy alone is considered optimal in the far
East. The present review highlights the significant
studies to assist in opting for the best evidence based
preoperative therapy (radiotherapy, chemotherapy or
chemoradiotherapy) for locally advanced esophageal
cancer.
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various randomized and non-randomized trials have
been conducted to address these issues, no standard
guidelines have been established till date. This
review will highlight the significant studies to assist
in opting for the best evidence based multimodality
management of esophageal cancer. We limit this
review to preoperative therapy followed by surgery
as it is presently considered the standard of care. The
objectives of preoperative treatment are to downstage
the tumor to achieve R0 resection, reduce local and
distant disease relapses and thus improve survival.

Core tip: The literature suggests that preoperative
chemoradiotherapy followed by surgery results in
optimal outcome while managing locally advanced
esophageal cancer; however, there is a need to compare
preoperative chemoradiotherapy with chemotherapy
alone to further refine the role of preoperative therapy.
The standard of care continues to be debated due to
difference of opinions and practices across the world and
lack of any trial with head-to-head comparison between
these two established treatment protocols.

PREOPERATIVE RADIOTHERAPY
High rate of local failure after curative resection led
to conception of many studies in the ’80s and ’90s to
evaluate the role of preoperative radiotherapy (RT)
in esophageal cancer. Preoperative RT was envisaged
to increase the resectability rates with negative
circumferential margins, to lower the loco-regional
recurrences and to improve survival. Five randomized
control trials (RCTs) addressed this issue and compared
preoperative RT followed by surgery to surgery alone.
[4-8]
Table 1 displays the salient features of these RCTs .
None of the studies reported significantly higher
complete resections following preoperative RT. Only
two studies reported loco-regional recurrences in
[7]
the study arms: Wang et al reported no difference
[8]
whereas Gignoux et al observed significantly lower
loco-regional recurrences following preoperative
RT and surgery compared to surgery alone (46%
vs 67%). None of the RCTs reported significant
[6]
improvement in survival. Nygaard et al reported
improvement in 3-year overall survival (OS) (21% vs
9%) among patients who underwent surgery following
preoperative RT compared to patients who were
operated upfront. Oesophageal Cancer Collaborative
Group conducted a quantitative meta-analysis using
updated data from these five RCTs comprising 1147
patients to assess whether preoperative radiotherapy
improves OS and whether it is differentially effective
[9]
in patients defined by age, sex and tumour location
(Figure 1). In a group of patients with mostly
squamous cell carcinoma, who had a median follow
up of 9 years, the hazard ratio (HR) was found to be
0.89 (95%CI: 0.78-1.01). This suggested an overall
reduction in the risk of death by 11% and an absolute
survival benefit of 3% at 2 years and 4% at 5 years.
It, however, failed to achieve conventional statistical
significance (p = 0.062). There was no apparent
difference in the magnitude of the benefit by sex, age
or tumor location. The authors concluded that there
is not enough evidence to suggest that preoperative
radiotherapy improves the survival of patients with
potentially resectable esophageal cancer. The effect of
such preoperative radiotherapy regimens is likely to be
modest, even if they do improve survival. The absolute
improvement in survival is not expected to be more
than 3% to 4%. To detect such an improvement (from
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INTRODUCTION
The eighth most common cancer in the world is
esophageal cancer. Esophageal cancer, being the
sixth most common cause of death from cancer,
has an overall ratio of mortality to incidence of
[1]
0.88 . Esophageal cancer comprises of two distinct
histological entities, i.e. squamous cell carcinoma (SCC)
and adenocarcinoma. These two histological types
differ in their epidemiology, etiopathogenesis, tumor
biology, management and outcomes. SCC is common
in Asia and Eastern Europe while adenocarcinoma
is prevalent in North America and Western Europe.
Unfortunately, majority of the patients present with
locally advanced disease in esophageal cancer and
survival is dismal regardless of histology.
Traditionally, surgical resection has been the
mainstay of treatment with a potential to ensure locoregional control as well as long-term survival. However,
surgery alone fails to contend against the natural
history of disease owing to the presence of occult
micrometastasis and fatal distant and loco-regional
disease relapse is common. Median survival after
esophagectomy is 15 to 18 mo with a 5-year survival
[2]
rate of 20% to 25% . Therefore, clinicians now are
inclined towards use of some form of multidisciplinary
treatment including surgery as standard of care for
locally advanced esophageal cancer. Locally advanced
esophageal cancer can be defined as those restricted
to the esophagus or resectable periesophageal tissue
(T2-T4) and/or lymphnode involvement (N1-N3)
[3]
in the absence of distant metastasis . The opti
mal multimodality treatment is still controversial.
Potential contentious issues exist regarding the
(1) ideal approach-preoperative, perioperative, or
postoperative and (2) ideal combination-radiotherapy,
chemotherapy or concurrent chemoradiation. Though
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Preoperative RT No preoperative RT
Study or subgroup Events

Total

Events

1.1.1 Preoperative RT only trials
Launois 1981
56
61
40
Gignoux 1988
108
116
108
Wang 1989
131
195
165
Arnott 1992
87
90
75
Nygaard 1992 (a)
52
58
50
Subtotal (95%CI)
520
Total events
434
438
2
2
Heterogeneity: χ = 8.69, df = 4 (P = 0.07); I =
Test for overall effect: Z = 1.37 (P = 0.17)

Total

O-E

Variance

Weight

46
113
223
86
50
518

0.22
1.02
-16.67
6.82
-11.58

22.60
53.72
78.83
40.02
22.92

9.3%
22.2%
32.6%
16.5%
9.5%
90.1%

Hazard ratio

Hazard ratio

Exp [(O-E)/V], fixed, 95%CI

Exp [(O-E)/V], fixed, 95%CI

1.01
1.02
0.81
1.91
0.60
0.91

(0.67,
(0.78,
(0.65,
(0.87,
(0.40,
(0.80,

1.53)
1.33)
1.01)
1.62)
0.19)
1.04)

54%

Figure 1 Forest plot comparing survival in esophageal cancer in patients who received preoperative radiotherapy followed by surgery vs surgery alone
(Reproduced with permission from Arnott et al[9]).

Table 1 Salient features of randomized controlled trials addressing the role of preoperative radiotherapy followed by surgery versus
surgery alone in the management of esophageal cancer
Ref.

Study
period

Launois et al[5],
1981
Gignoux et
al[8], 1987
Wang et al[7],
1989
Arnott et al[4],
1993
Nygaard et
al[6], 1992

Treatment

1973-1976 40 Gy RT + Surgery
Surgery
1976-1982 33 Gy RT + Surgery
Surgery
1977-1985 40 Gy RT + Surgery
Surgery
1979-1983 20 Gy RT + Surgery
Surgery
1983-1988 35 Gy RT + Surgery
Surgery

No. of
patients

Histology

Complete
resection

Local
recurrence
rate

Operative
mortality

67
57
NA
NA
104
102
90
86
NA
NA

SCC
SCC
SCC
SCC
SCC
SCC
SCC/AC
SCC/AC
SCC
SCC

74%
78%
43%
55%
74%
65%
76%
72%
34%
32%

NA
NA
46%
67%
41%
34%
NA
NA
NA
NA

22.6%
23.4%
NA
NA
5%
6%
NA
NA
NA
NA

5-yr OS

9.5%
11.5%
11%
10%
5%
30%
9%
17%
21%
9%

Conclusion

No significant benefit
of pre-op RT
No significant benefit
of pre-op RT
Higher pre-op RT dose
or post-op RT required
No benefit of low dose
RT
Beneficial effect of
pre-op RT

SCC: Squamous cell cancer; AC: Adenocarcinoma; RT: Radiotherapy; NA: Not available; OS: Overall survival.

15% to 20%) reliably, trials or a meta-analysis of not
less than 2000 patients (90% power, 5% significance
[10]
level) would be needed .
It can be inferred, based on available RCTs,
that preoperative radiation therapy is unlikely to
benefit esophageal cancer patients, both in terms of
significantly lowering local failure rate and improving
survival.

of higher rates of distant recurrence leading to failure
in curatively treated patients led to exploration of role
of induction preoperative chemotherapy in esophageal
cancer.
The enthusiasm to use preoperative chemotherapy
arose due to its potential to exterminate micrometastasis, to down-stage the tumor, thus enhancing
resectability, to improve loco-regional control and to
provide relief of dysphagia. The downside of giving
preoperative chemotherapy is development of chemoresistance and progression of disease in patients who
do not respond to it. It is known that almost half of the
patients are unresponsive to the presently employed
[2]
chemotherapy . Moreover, delay in local treatment
can further compromise the already marginal
nutritional status of the patient when surgery is not
the initial treatment.
The role of preoperative/perioperative chemo
therapy followed by surgery compared to surgery
[6,15-26]
alone has been addressed by 13 RCTs (Table 2)
.
A pooled random-effects meta-analysis of 10 RCTs
comprising 2122 participants highlighted the lower
risk of mortality among patients who were given
preoperative chemotherapy compared to those treated
with surgery alone (HR = 0.88, 95%CI: 0.80-0.96, P
[27]
= 0.003) (Figure 2). Another updated meta-analysis
of 10 RCTs revealed that the risk of all-cause mortality

PREOPERATIVE CHEMOTHERAPY
Distant recurrence following curative resection in
localized esophageal cancer constitutes significant
proportion of disease relapse and invariably limits
survival. Recurrence pattern analysis of 439 patients
who underwent R0 resection highlighted that
almost one fifth of the patients developed distant
[11]
recurrence . Furthermore, autopsy study of 43
curatively resected cases of esophageal cancer
revealed that 17 of the 27 patients who had disease
recurrence were found to have haematogenous
[12]
metastasis . Two studies showed that almost 80%
of the patients had disseminated tumour cells in
the bone marrow samples of ribs resected during
[13,14]
esophagectomy for localized esophageal cancer
.
Presence of systemic micro-metastasis in a significant
number of esophageal cancer patients and the pattern
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Table 2 Salient features of randomized controlled trials addressing the role of preoperative/perioperative chemotherapy followed
by surgery versus surgery alone in the management of esophageal cancer
Trials

Study
period

Roth et al[21],
1988

Treatment

No. of
patients

Histology

R0
resection

pCR

pN+

Median
follow up

LRR

OS (%)

Periop
Cisplatin
vindesine,
bleomycin +
S
Surgery
1983-1988
Preop
Cisplatin,
Bleomycin +
S
Surgery
1980's
Preop FC +
S
Surgery

19

SCC

35%

6%

NS

30 mo

NS

25 (3 yr)

20
44

SCC
SCC

21%
44%

NS

NS
NS

30 mo
NA

NS
NS

41
22

SCC
SCC

36%
44%

6%

NA

NA

NS

24

SCC

45%

-

NA

NA

NS

1988-1990

Preop
Cisplatin
Vindesine,
Bleomycin +
S
Surgery
1989-1995 Preop FC +
S
Surgery

24

SCC

NS

0%

NS

NA

NS

22
74

SCC
SCC

67%

6.7%

70

NA
NA

12

36 (3 yr)
44 (2 yr)

73

SCC

35%

-

88

30

31 (2 yr)

1992-1997

47

SCC

90%

13%

NS

30 mo

32

34 (5 yr)

47

SCC

87%

-

30 mo

34

22 (5 yr)

AC

69.3%

NA

49

14.4

36.3 (5 yr)

AC

66.4%

-

47

20.6

23 (5 yr)

8.8 yr

25

23 (3 yr)

19

26 (3 yr)

1982-1986

Nygaard et
al[6], 1992

Schlag et al[22],
1992

Maipang et
al[19], 1994

Law et al[18],
1997

Ancona et
al[15], 2001

Cunnigham
et al[26], 2006
(Magic trial)

Preop FC +
S
Surgery

1994-2002 Peri-op ECF 37/250
+S
Surgery
36/253

Kelsen et al[17], 1990-1995
(RTOG 8911,
US Intergroup
113) 2007

Preop FC +
S
Surgery

213

MRC OEO2
trial, 2009
Allum et al[25]

Preop FC +
S

400

Surgery

402

Ychou et al[23],
2011
Boonstra et
al[16], 2011

Ando et al[24],
2012- JCOG
9907

1992-1998

1995-2003 Peri-op FC +
S
Surgery
1989-1996
Preop
Cisplatin,
Etoposide +
S
Surgery
2000-2006 Preop FC +
S
Surgery

NS

Prolonged OS in
responders in perioperative
chemotherapy arm with
acceptable toxicity and postop complications
05 (3 yr)
No improvement in
03 (3 yr) survival in chemotherapy
arm

09 (3 yr)
NS
No influence on resectability
or OS in chemotherapy arm.
NS
Rather, it results in Increase
in side effects and postop
mortality rate
31 (3 yr) Better OS in control group.
Poorly nourished patients
may tolerate smaller
dosages of chemotherapy

SCC - 98,
AC - 115
SCC - 106,
AC - 121

63%

2.5%

59%

-

60%

4%

58

5.9 yr

11.5

23 (5 yr)

54%

-

68

6.1 yr

12.2

17 (5 yr)

113

SCC - 123,
AC - 265,
Others - 12
SCC - 124,
AC - 268,
Others - 10
AC

84%

3%

67

8.8 yr

12

38 (5 yr)

111
85

AC
SCC

73%
71%

7%

80
43

15 mo

8
19

24 (5 yr)
26 (5 yr)

84
164

SCC
SCC

57%
96%

2%

46
65

14 mo
62 mo

25
25

17 (5 yr)
55 (5 yr)

166

SCC

91%

-

76

NA

31

43 (5 yr)

227

NS

Conclusions

Significant downstaging
and an increased
likelihood of R0 resection
in chemotherapy arm. No
survival difference but
responders fared better
Significantly improved long
term survival in patients
with pathologic complete
response following
preoperative chemotherapy
Peroperative chemotherapy
decreased tumor size and
stage, and significantly
improved PFS, OS
No improvement in OS in
chemotheray arm.Only R0
resection results in longterm survival, regardless of
pre-op chemotherapy
Preop chemotherapy
improves survival and
should be considered as a
standard of care

Peri-op chemotherapy
significantly increased R0
resection rate, DFS, and OS
Significant improvement in
OS in chemotherapy arm

Pre-op chemotherapy can
be regarded as standard
treatment

Periop: Perioperative; SCC: Squamoous cell cancer; AC: Adenocarcinoma; RT: Radiotherapy; NA: Not available; OS: Overall survival; NS: Not stated; ECF:
Epirubicin, cisplatin, 5-FU; S: Surgery.
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Study or
subgroup

Preop chemotherapy Surgery alone

Ancona 2001
Boonstra 2011
Kelsen 1998
Law 1997
Maipang 1994
MRC Allum 2009
Nygaard 1992
Roth 1988
Schlag 1992a
Ychou 2011

n

n

Log (Hazard ratio)
(SE)

47
85
233
74
24
400
50
17
22
113

47
84
234
73
22
402
41
19
24
111

-0.163 (0.256)
-0.149 (0.072)
0.067 (0.106)
-0.460 (0.167)
0.182 (0.481)
-0.174 (0.081)
0.077 (0.206)
-0.371 (0.392)
0.174 (0.321)
-0.161 (0.071)

Hazard ratio

Weight

IV, random, 95%CI
2.8%
24.1%
13.7%
6.3%
0.8%
20.5%
4.2%
1.2%
1.8%
24.5%

Total (95%CI)
1065
1057
2
2
2
Heterogeneity: Tau = 0.00, χ = 10.62, df = 9 (P = 0.30); I = 15%
Test for overall effect: Z = 3.01 (P = 0.0026)
Test for subgroup differences: Not applicable

100.0%

0.2
Favours chemotherapy

0.5

1

2

Hazard ratio
IV, random, 95%CI
0.85
0.86
1.07
0.63
1.20
0.84
1.08
0.69
1.19
0.85

(0.51,
(0.75,
(0.87,
(0.46,
(0.47,
(0.72,
(0.72,
(0.32,
(0.63,
(0.74,

1.40)
0.99)
1.32)
0.88)
3.08)
0.98)
1.62)
1.49)
2.23)
0.98)

0.88 (0.80, 0.96)

   5

Favours surgery

Figure 2 Forest plot comparing survival in esophageal cancer in patients who received preoperative chemotherapy followed by surgery vs surgery alone
(Reproduced with permission from Kidane et al[27]).

was significantly less for preoperative chemotherapy
followed by surgery compared to surgery alone (pooled
HR = 0.87, 95%CI: 0.79-0.96, p = 0.005). The
absolute survival difference at 2 years was calculated
as 5.1% (number needed to treat = 19). A subgroup
analysis by histological type for these studies showed
that the preoperative chemotherapy proved beneficial
in adenocarcinoma (HR = 0.83, 95%CI: 0.71-0.95,
p = 0.01) and not in squamous-cell carcinoma (HR =
[28]
0.92, 95%CI: 0.81-1.04, p = 0.18) .
Though the objective of the present review is
to analyze the role of preoperative therapy, it is
worthwhile to discuss perioperative chemotherapy here
as well. The role of perioperative chemotherapy (before
and after the surgery) has been evaluated in lower
esophageal adenocarcinoma in two RCTs. The British
Medical Research Council conducted a phase Ⅲ trial
(MAGIC trial) to evaluate perioperative chemotherapy
in the management of resectable gastro-esophageal
adenocarcinoma. Though the proportion of patients
with esophageal cancers was less (lower esophagus
14% and esophagogastric junction 11%), results of
this trial definitely indicated benefit of perioperative
chemotherapy. OS significantly improved from 23% to
36%. Only 104 of 250 patients (41.6%) randomized
to perioperative chemotherapy arm in this study
could complete all six cycles of chemotherapy, due
to disease progression or early death, patient choice,
postoperative complications, prior toxicity, lack of
response to preoperative treatment, and worsening
[26]
coexisting disease, thus acting as a limitation .
Another recent FNCLCC/FFCD trial reported that
perioperative chemotherapy improved 5-year OS from
24% to 38%. It must be noted that 75% of tumors
in this trial were lower esophageal or junctional and
among the 109 patients who received at least one
cycle of preoperative chemotherapy, 54 patients
[23]
(50%) received postoperative chemotherapy . These
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two trials suggest that the approach of perioperative
chemotherapy may be beneficial for patients with
lower esophagus or junctional adenocarcinoma but
only half of the patients are able to complete the
planned treatment after surgery.

PREOPERATIVE CHEMORADIATION
High risk of both loco-regional and systemic failures
following curative treatment, led to integration of
all three treatment modalities namely surgery,
chemotherapy and radiation in the management
of esophageal cancer. As preoperative RT failed to
meet the high expectations of providing additional
loco-regional control compared to surgery alone in
esophageal cancer, attempts were made to use chemoradiotherapy (CRT) as a double-edged sword. While
RT was expected to improve loco-regional control,
simultaneously, chemotherapy was thought to eradicate
the micrometastasis. Chemotherapy adds several
benefits with its use along with preoperative RT by
(1) containing micrometastasis and lowering systemic
failure; (2) providing additive effect to radiation by
acting against the different tumor cell populations; and
(3) providing assistance to radiotherapy for control of
[29]
loco-regional disease (spatial cooperation) . Spatial
cooperation may exist at different levels: (1) with
altered DNA repair or modification of the lesions induced
by chemotherapy or radiation at the molecular level; (2)
through cytokinetic cooperation arising from differential
sensitivity of the various compartments of the cell cycle
to the drug or radiation at the cellular level, notably;
and (3) including re-oxygenation, increased drug
uptake or inhibition of repopulation or angiogenesis at
[30]
the tissue level .
Table 3 displays the RCTs which compared
preoperative CRT followed by surgery to surgery
[31-39]
alone
. The most promising trials which have
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2000-2009

SCC
AC
AC
SCC
SCC
45 SCC +
80 AC + 3
others
50 SCC+
78 AC
7 SCC +
23 AC
7 SCC+ 19
AC
SCC

45
58

55
51

50
128

98

97

Surgery

188

80
178

80

26

30

SCC
41 SCC +
134 AC +
3 other
43 SCC +
141 AC +
4 other
67 SCC +
30 AC+ 1
other
70 SCC +
27 AC

SCC
SCC

34
41

128

SCC

35

91

84

186

80
168

80

26

29

110

48
105

54
35

42
53

39

26

No. of Histology Completed
patients
treatment

2 Cis, 5FU +
Surgery

Surgery

2 Cis, Pacli+ 40 gy
+ Surgery
Surgery
5 Pacli, Carbo +
41.4 Gy + Surgery

FC+ 50.4 Gy RT +
Surgery
Surgery

Surgery

FC + 40 Gy RT +
Surgery
Surgery
Sequential FC-20
Gy RT-FC +
Surgery
Surgery
FC + 40 Gy RT +
Surgery
Surgery
FC + 45.6 Gy RT +
Surgery
Surgery
FC + 35 Gy RT +
Surgery

Treatment

-

29%

NA

-

40%

-

16%

43%

25%

-

26.9%

pCR

92.1%

-

93.8% 33.3%

69.0%

80.0%
92.0%

97.4%

88.4%

84.6%

59.0%

87.5%
80.0%

NA
100%

36.0%
NA

NA
51.0%

NA

R0

52.8

30.8

75

NA
13

NA

NA

12

67

78
43

82
37

NA
42

NA
NA

NA

pN+

28.9%

22.1%

9.3%

35%
3.3%

11.3%

15.3%

13.7%

14%

10.8%
11%

NA
22.8%

21.4%
NA

NA
17.9%

NA

LRR

41.2

31.8

24

36
49.4

53

21.4

53.7

19.3

27.3
22.2

11
28.2

10
32

NA
10

NA

Median
survival
(mo)

33.8

41 (5 yr)

34

12.5 (10 yr)
47 (5 yr)

24.5 (10 yr)

16 (5 yr)

39 (5 yr)

NS

57 (2 yr)
NS

07 (3 yr)
55 (2 yr)

13.8 (3 yr)
37 (3 yr)

NS
19.2 (3 yr)

NS

OS

3.4%

11.1%

6.9%

0%
5.9%

3.4%

3.8%

5 yr

5.4%

4.7%

2%
8.5%

7%
3%

NS
8.5%

NS

Treatment
related
mortality

27.7% (5 yr)

35.6% (5 yr)

24.2 mo

49.3% (3 yr)
not reached

61.3% (3 yr)

15% (5 yr)

28% (5 yr)

12 mo

51%(2 yr)
16 mo

NA
49% (2 yr)

5 mo
NA

NA
7.6 mo

NA

DFS median/
proportions

Conclusion

No effect on R0 resection rate or survival but
enhanced postoperative mortality

Improved survival with acceptable adverse-event
rates

Rational application of pre-op or post-op CRT can
improve PFS, OS

Long-term survival advantage supports
trimodality therapy as a standard of care

CRT induced high clinical and pathological
response, but no statistically significant benefit in
OS and DFS
No significant improvement in PFS or OS

Multimodal treatment superior to surgery alone

No change in operative mortality or survival time

No statistically significant difference in OS,
complication rate, mortality

Periop: Perioperative; SCC: Squamous cell cancer; AC: Adenocarcinoma; RT: Radiotherapy; NA: Not available; OS: Overall survival; NS: Not stated; ECF: Epirubicin, cisplatin, 5-FU; S: Surgery.

Mariette et al[39],
2014

2004-2008

Van Hagen et
al[38], 2012 (CROSS
trials)

1994-2000

Burmeister et
al[35], 2005

1997-2004

1999-2002

Lee et al[34], 2004

Lv et al[37], 2010

1990-1995

Walsh et al[33],
1996

1997-2000

1988-1991

Le Prise et al[32],
1994

Tepper et al[36],
2008 (CALGB
9781)

1986-1992

Study period

Apinop et al[31],
1994

Trial

Table 3 Salient features of randomized controlled trials addressing the role of preoperative chemoradiotherapy followed by surgery vs surgery alone in the management of esophageal cancer
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almost established the role of preoperative CRT are
the Dutch chemoradiotherapy in Oesophageal Cancer
[29,38]
and the Surgery Study (CROSS) trials
. The
investigators randomly assigned 368 patients with
resectable esophageal cancers to either preoperative
CRT followed by surgery or to surgery alone. The
patients in preoperative CRT arm received weekly
carboplatin and paclitaxel for 5 wk and concurrent
radiotherapy (41.4 Gy in 23 fractions of 1.8 Gy each,
with 5 fractions administered per week, starting
on the first day of the first chemotherapy cycle)
followed by surgery. The histopathological types were
adenocarcinoma (75%), SCC (23%), and large-cell
undifferentiated carcinoma (2%). R0 resection rates
were significantly better in preoperative CRT arm
compared to surgery alone (92% vs 69%, p < 0.001).
More than one fourth of patients (29%) achieved
pathological complete response following preoperative
CRT. Though postoperative complications and inhospital mortality were similar in the two groups,
median OS was significantly better in preoperative
CRT group (49.4 mo vs 24.0 mo, HR for survival,
0.657, 95%CI: 0.495-0.871, p = 0.003). However,
the HR for esophageal adenocarcinoma was only
marginally statistically significant (adjusted HR =
0.74, 95%CI: 0.54-1.02, p = 0.07). Long- term
results of the study were recently published. These
revealed that the survival advantage for preoperative
CRT persisted after a median follow up of 84.1 mo for
surviving patients (range 61.1-116.8, IQR: 70.7-96.6).
Median OS was 48.6 mo (95%CI 32.1-65.1) in the
preoperative chemoradiotherapy plus surgery group
and 24.0 mo (14.2-33.7) in the surgery alone group
(HR = 0.68, 95%CI: 0.53-0.88, log-rank p = 0.003).
The improvement in survival was evident for both
histological subtypes - median OS for patients with
squamous cell carcinomas and adenocarcinoma were
81.6 mo (95%CI: 47.2-116.0) and 43.2 mo (95%CI:
24.9-61.4) respectively in the preoperative CRT group
compared to 21.1 mo (95%CI: 15.4-26.7) and 27.1
[40]
mo (95%CI: 13.0-41.2) in the surgery alone group .
Preoperative CRT led to significantly lower locoregional recurrences (14% vs 34%, p < 0.001) and
[41]
peritoneal carcinomatosis (4% vs 14%, p < 0.001) .
In sharp contrast to the findings of the CROSS
trial, the French trial (FFCD 9901) could not find
any significant benefit of preoperative CRT. FFCD
9901 was a multicentre RCT which was conducted
to assess improvement in outcomes for patients
with stage Ⅰ or Ⅱ esophageal cancer with use of
preoperative CRT. The investigators randomized 195
patients (in 30 centres) to either preoperative CRT
followed by surgery (n = 98) or surgery alone (n =
97). CRT protocol was 45 Gy in 25 fractions over 5
wk with two courses of concomitant chemotherapy
2
composed of fluorouracil 800 mg/m and cisplatin
2
75 mg/m . Preoperative CRT did not improve R0
resection rates (93.8% vs 92.1%, p = 0.749); there
was no difference in 3-year OS either (47.5% vs
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53.0%, HR = 0.99, 95%CI: 0.69-1.40, p = 0.94).
Moreover, significantly higher postoperative mortality
was seen in patients who received preoperative CRT
(11.1% vs 3.4%, p = 0.049). The authors concluded
that preoperative CRT does not improve R0 resection
rate or survival but enhances postoperative mortality
[39]
in patients with stage Ⅰ or Ⅱ esophageal cancer .
A number of factors can be attributed to these
differences in survival outcomes between the French
and Dutch studies: (1) small sample size in the FFCD
9901 trial reducing the statistical power of detecting
a survival benefit; (2) different histological profiles
in two studies (70% of patients in the French study
were SCC compared with 23% in the Dutch study);
and (3) larger number of patients with early-stage
disease (fewer node-positive and T3 patients) in the
[42]
French study compared to Dutch study . The CROSS
trial investigators cautioned against coming to the
conclusion that preoperative CRT is not beneficial in
early-stage esophageal cancer, as one might, from
the results of the FFCD 9901 trial. They highlighted
that CROSS trial findings should still be considered for
stage Ⅱ cancers in view of its larger study population,
more consistent inclusion rate, less toxic CRT regimen,
more sophisticated radiation techniques and lower
[43]
postoperative mortality rate .
A meta-analysis which was designed to compare
the role of preoperative CRT for esophageal carcinoma
including 14 RCTs (n = 1737) concluded that it has the
potential to improve the long-term survival and reduce
locoregional cancer recurrence compared to surgery
alone. Five-year survival was significantly better in
preoperative CRT group compared to the surgery alone
group (OR = 1.64, 95%CI: 1.28-2.12). The authors
further reported that a complete pathological response
[44]
to CRT was observed in 10%-45.5% of patients .
In a meta-analysis of 12 trials which compared
preoperative CRT followed by surgery versus surgery
alone (n = 1854), the Australasian gastro-intestinal
trials group reported that preoperative CRT led to
significant reduction in all-cause mortality (HR = 0.78,
95%CI: 0.70-0.88, p < 0.0001). The beneficial effect
was evident in both histological subtypes - the HR for
squamous-cell carcinoma was 0.80 (95%CI: 0.68-0.93,
p = 0.004) and for adenocarcinoma was 0.75 (95%CI:
0.59-0.95, p = 0.02). They further undertook the
pooled analysis of two RCTs and highlighted that the
preoperative CRT seemed to lower all-cause mortality
compared to preoperative chemotherapy (HR for the
overall indirect comparison 0.88, 95%CI: 0.76-1.01,
p = 0.07). They concluded that there seemed to
be strong evidence for survival benefit with the use
of preoperative CRT or chemotherapy followed by
surgery versus surgery alone in resectable esophageal
[28]
cancer .
Another meta-analysis which included 13 RCTs (n
= 1930, resectable esophageal cancers) addressed
the issue of postoperative complications following
[45]
preoperative CRT compared to surgery alone . The
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Figure 3 The forest plots of postoperative mortality and complications of chemoradiotherapy followed by surgery vs surgery alone using a fixed effects
model (Reproduced from Deng et al[45]).

authors reported that preoperative CRT did not lead
to significantly higher postoperative complications
compared to surgery alone (RR = 1.09, 95%CI:
0.96-1.24, p = 0.18) (Figure 3); indeed, preoperative
CRT led to reduction in postoperative mortality (RR =
0.64, 95%CI: 0.49-0.84, p = 0.001). Moreover, there
was a significant reduction in local recurrence (RR
= 0.53, 95%CI: 0.39-0.73, p < 0.000) and distant
recurrence (RR = 0.82, 95%CI: 0.68-0.98, p = 0.03).
These results clear the apprehension that preoperative
CRT may result in higher postoperative complications.
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RESULTS
The orally administered non-absorbable PRX-106
was biologically active. Altered distribution of
CD4+CD25+FoxP3+ between the liver and spleen
and an increase in the intrasplenic-to-intrahepatic
CD4+CD25+FoxP3+ ratio and a decrease in the
intrasplenic-to-intrahepatic CD8+CD25+FoxP3+ ratio
were observed. An increase in intrahepatic NKT cells
and a decrease in the intrasplenic-to-intrahepatic NKT
ratio were noted. Assessment of the CD4-to-CD8 ratios
showed sequestration of CD8+ lymphocytes in the
liver. These effects were associated with a decrease
in serum triglyceride levels, decrease in the aspartate
aminotransferase levels, serum glucose levels, and
HOMA-IR score. A decrease in hepatic triglycerides
content was observed in the high dose-treated mice.
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CONCLUSION
Orally administered PRX-106 shows biological activity
and exerts an immunomodulatory effect, alleviating liver

8760

October 21, 2016|Volume 22|Issue 39|

Ilan Y et al . Oral anti TNF fusion protein for hepatitis
[8,9]

its importance in counteracting inflammation and IR .
Some of the anti-inflammatory effects of adiponectin
are mediated by suppression of TNF synthesis and the
promotion of anti-inflammatory cytokines, including
[7]
IL-10 and the IL-1 receptor antagonist .
The NLRP6 and NLRP3 inflammasomes and the
effector protein IL-18 negatively regulate NASH pro
[10]
gression . Inflammasome deficiency-associated
changes in the configuration of the gut microbiota
are associated with exacerbated hepatic steatosis
and inflammation through influx of TLR4 and TLR9
agonists into the portal circulation, leading to the
enhanced hepatic TNF-α expression that drives NASH
[10]
progression . A recent meta-analysis showed a
difference in the TNF-α-238 genotype distribution
between nonalcoholic fatty liver disease (NAFLD)
patients and controls, suggesting that a polymorphism
[11]
at position-238 is a risk factor for NAFLD . Increased
gut permeability along with bacterial translocation
(BT) and increased lipopolysaccharide (LPS) levels
[12,13]
have been described in patients with NASH
.
BT at mesenteric lymph nodes leads to lymphocyte
[14]
activation . The TNF-alpha mRNA expression in liver
tissue is significantly higher in patients with NASH and
correlates with the increase in the plasma levels of LPS
binding protein.
The development of biological agents that target
TNF have markedly changed the therapeutic approach
[15]
to inflammatory diseases . Pentoxifylline, an antiTNF-α agent was shown to reduce aspartate ami
notransferase (AST) and alanine aminotransferase
(ALT) levels and to improve liver histological scores in
[16]
patients with NAFLD/NASH . Parenteral administration
of recombinant anti-TNF proteins lowers disease
activity and, in some patients, induces remission. A
report described a NASH patient who experienced rapid
normalization of liver biochemistry during treatment for
an associated rheumatoid arthritis with the humanized
[17]
anti-TNF-alpha antibody adalimumab .
Etanercept is a recombinant, dimeric, soluble tumor
necrosis factor receptor fusion protein that blocks only
soluble TNF but not membrane-bound TNF. Parenteral
administration of etanercept is being used for rheumatoid
arthritis, juvenile rheumatoid arthritis, psoriatic arthritis,
[15,18]
psoriasis, and ankylosing spondylitis
. Parenterally
administered TNF antagonists are generally well
tolerated but carry a risk of side effects. Areas of concern
include opportunistic and non-opportunistic infections,
vaccination, neurological complications, hepatotoxicity,
hematological side effects, malignancies, infusion
reactions and autoimmunity. Contraindications, such as
heart failure and acute infectious diseases, are also of
[19]
concern . The immunosuppressive capacity of these
agents necessitates a rigorous long-term safety followup, and the potential risks of their use should always be
[19,20]
taken into consideration
.
Oral delivery of therapeutic proteins is a major goal
when developing new therapeutic modalities. The BY-2
plant cell-expressed recombinant anti-TNF fusion protein

damage. The data suggest that PRX-106 may provide
an oral immunotherapy for nonalcoholic steatohepatitis.
Key words: Nonalcoholic steatohepatitis; Nonalcoholic
fatty liver disease; Tumor necrosis alpha; Enbrel;
Diabetes
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The BY-2 plant cell-expressed recombinant
anti-tumor necrosis factor alpha (TNF) fusion protein
(PRX-106) that consists of the soluble form of the
human TNF receptor fused to the Fc component of a
human IgG1 domain was orally administered in high-fat
diet model. Altered distribution of CD4+CD25+FoxP3+
and a decrease in the intrasplenic-to-intrahepatic
CD8+CD25+FoxP3+ ratio were observed. These effects
were associated with a decrease in serum triglyceride
levels, decrease in the aspartate aminotransferase
levels, serum glucose levels, and HOMA-IR score. A
decrease in hepatic triglycerides content was observed
in the high dose-treated mice. The data suggest that
PRX-106 may provide an oral immunotherapy for
nonalcoholic steatohepatitis.
Ilan Y, Ben Ya'acov A, Shabbat Y, Gingis-Velitski S, Almon
E, Shaaltiel Y. Oral administration of a non-absorbable plant
cell-expressed recombinant anti-TNF fusion protein induces
immunomodulatory effects and alleviates nonalcoholic
steatohepatitis. World J Gastroenterol 2016; 22(39): 8760-8769
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i39/8760.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i39.8760

INTRODUCTION
A chronic inflammatory state and dysfunction of
metabolic-inflammatory signaling are involved in
the development of various aspects of non-alcoholic
[1,2]
steatohepatitis (NASH)
. Several downstream
signaling pathways, which provide the crosstalk
between inflammatory and metabolic signaling, have
been identified. The pro-inflammatory axis consisting
of the nuclear transcription factor NF-kappa B and its
upstream kinase IKK-beta is one pathway responsible
[3]
for nutritionally induced inflammation . c-Jun N-terminal
kinase and I kappa beta kinase (I kappa K) have been
[4,5]
identified as mediators of insulin resistance (IR) .
These pathways are activated along with other signals
[6]
by tumor necrosis factor alpha (TNF-α) .
The importance of TNF in human and animal fatty
liver diseases, which were induced both by genetic
manipulation and by overnutrition, has been demon
[7]
strated . Neutralization of TNF-α activity improves
IR and fatty liver disease in animals. Adiponectin
is a potent TNF-neutralizing and anti-inflammatory
adipocytokine. Both in vitro and in vivo studies showed
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(PRX-106) consisting of the soluble form of the human
TNF receptor (TNFR) fused to the Fc component of a
human IgG1 domain can be orally administered, and
PRX-106 has an amino acid sequence that is identical
to that of Enbrel™.
The aim of the present study was to determine
the immunomodulatory effect of oral administration of
plant cells expressing PRX-106 in an animal model of
NASH.

AS, Oslo, Norway) in a 50 mL tube. The tubes were
then centrifuged at 1800 rpm for 18 min. Cells at
the interface were collected and transferred to a new
tube that was centrifuged again at 1800 rpm for
10 min. The resulting pellet of hepatocyte-depleted
lymphocytes was suspended in a final volume of 250
6
μL, approximately 1 × 10 intrahepatic lymphocytes
were recovered per mouse liver.
Flow cytometry: Flow cytometry was performed
on splenocytes and hepatic lymphocytes, which were
suspended in 1 mL of FACS buffer (PBS + 1% BSA +
0.1% sodium azide). The cells were stained with the
antibodies for CD8, CD4, CD25, Foxp3, CD3, and NK
1.1. Flow cytometry was performed using LSR-II, and
and FSC express software.

MATERIALS AND METHODS
Animals

Male C57BL/6 mice (11-12-wk-old) were obtained from
Harlan Laboratories (Jerusalem, Israel) and maintained
in the Animal Core of the Hadassah-Hebrew University
Medical School. Mice were administered standard
laboratory chow and water ad libitum and kept on a 12 h
light/dark cycle. Animal experiments were carried out
according to the guidelines of the Hebrew UniversityHadassah Institutional Committee for the Care and
Use of Laboratory Animals and with the committee’s
approval. Mice were fed a high-fat diet (HFD, Harlan,
TD88137; 42% of the calories are from fat) from day 0
until their sacrifice at 24 wk.

Cytokine measurement: Serum TNF-α levels were
measured in each animal using commercial kits, accor
ding to the manufacturer’s instructions (Quantikine,
R&D Systems, Minneapolis, MN, United States).

Assessment of the effect of oral PRX-106 on the lipid
profile, glucose intolerance and liver damage

Liver enzymes: Serum was obtained from individual
mice. The serum AST and ALT levels were determined
using an automatic analyzer.
Triglyceride levels in the serum were measured
using standard kits.
Fasting serum glucose and insulin levels were
measured on day 1 and at week 24.

Experimental groups

Four groups of C57BL/6 mice, n = 10 each, were
orally fed three times a week for 24 wk with one
of the following at a volume of 35 μL: phosphatebuffered saline (PBS, group A), BY-2 cells at 28.8 mg
of BY- (mock cells, group B), 2.88 mg (0.5 μg TNF) of
BY+ (group C), or 2.88 mg (10 μg anti-TNF) of BY+
(group D). Fresh preparations were made before each
administration.

Glucose tolerance test: Glucose tolerance test (GTT)
was performed on all animals in all groups at weeks 8
and 24.

Assessment of the effect of oral PRX-106 on the
systemic immune system

Histological examination of the liver: Paraffinembedded liver sections were prepared from each
mouse. The livers were cut into 4-5 μm thin slices and
stained with hematoxylin-eosin. A blinded pathologist
examined the tissues using light microscopy to score
for morphological and histopathological changes
that are characteristic of NAS. Trichome staining was
used to evaluate liver fibrosis. The maximal score for
steatosis (= 3) was assigned for greater than 66%.
The maximal score for lobular inflammation (= 3)
was assigned for > 4 foci/× 200, and hepatocyte
ballooning (= 2) was assigned for many cells/pro
minent ballooning. The maximal NAS score is a simple
arithmetic combination of all three features (3 + 3 + 2
= 8).

The immunomodulatory effect of PRX-106 was deter
mined by FACS analysis and serum cytokines.
Isolation of splenocytes and hepatic lym
phocytes: Spleens and livers were kept in RPMI-1640
supplemented with FCS. Spleens were crushed
[21]
through a 70 μm nylon cell strainer
and centrifuged
(1250 rpm for 7 min) to remove debris. Red blood cells
were lysed with 1 mL of cold 155 mmol/L ammonium
chloride lysis buffer and immediately centrifuged
(1250 rpm for 3 min). The splenocytes were then
washed and suspended in 1 mL of RPMI + FCS.
Any remaining connective tissue was removed. The
viability, as assessed using trypan blue staining, was
above 90%. For the isolation of hepatic lymphocytes,
livers were first crushed through a stainless mesh
(size 60, Sigma), and the cell suspension was placed
in a 50 mL tube for 5 min so that the cell debris could
form a pellet. The cell suspension was slowly underlaid
with 10 mL of Lymphoprep (Ficoll, Axis-Shield PoC
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Hepatic triglycerides content: Accumulation of
intracellular triglycerides (TGs) within the liver was
quantified using a modification of the Folch method.
TGs were extracted from aliquots of snap-frozen livers
and then assayed. Triglyceride determination was
performed spectrophotometrically using a GPO-Trinder
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kit (Sigma, Rehovot, Israel), and the levels were
normalized to the protein content in the homogenate.

mice, respectively. The hepatic CD4/CD8 ratio was
0.73, 0.72, 0.82, and 0.68 for the controls, BY2(-)treated and low and high dose PRX106-treated mice,
respectively. Figure 1J shows the ratio between the
splenic and hepatic CD4/CD8 ratios. For all treated
groups, a decrease in the ratio was found: 2.06, 1.9,
and 2.15 for the BY2(-)-treated and the low and high
dose PRX106-treated mice compared with 2.2 for the
controls (P < 0.005 for low dose PRX106 compared
with controls). The data suggest that the treatment is
associated with sequestration of CD8+ lymphocytes in
the liver.
Oral administration of PRX-106 was associated
with a mild increase in serum TNF-α levels. The levels
increased to 11.53, 13.85, and 10.25 pg/mL for BY2
(-)-treated and low and high dose PRX106-treated
mice, respectively, compared with 7.07 pg/mL in the
controls (P < 0.05 for low dose PRX106 compared
with controls). The data support the notion that the
observed anti-inflammatory effect is not associated
with a reduction in TNF-α levels.

Statistical analysis

Statistical analysis was performed using Student’s t test.
A P value less than 0.05 was considered significant.

RESULTS
Oral administration of non-absorbable PRX-106 exerted
an immunomodulatory effect

Oral administration of PRX-106 altered the distribution
of CD4+CD25+FoxP3+ Tregs. Figure 1A shows the
significant decrease in intrahepatic Tregs in the high
dose-treated mice from the 3.53% value in the controls
to 2.48% (P < 0.05). Figure 1B shows the significant
effect on intrasplenic Tregs only for BY2 (-) treated mice
from 18.4% to 13.73% (P < 0.01). A reduction trend
was noted for the high dose-treated group (15.49%).
The intrasplenic-to-intrahepatic CD4+CD25+FoxP3+
Treg ratio increased significantly in the high dose PRX106-treated mice, as seen in Figure 1C, from 5.12 in
controls to 6.25 (P < 0.05). The data indicate an effect
of PRX106 on the redistribution of CD4+CD25+FoxP3+
Tregs.
Oral administration of PRX-106 also altered the
distribution of CD8+CD25+FoxP3+ Tregs. Figure
1D shows a significant increase in intrahepatic
CD8+CD25+FoxP3+ Tregs in the BY2 (-) and high dosetreated mice. The levels increased to 0.6% and 0.86%,
respectively, compared with 0.21% in the controls (P
< 0.05). Figure 1E shows no statistically significant
effect on intrasplenic CD8+CD25+FoxP3+ Tregs. The
intrasplenic-to-intrahepatic CD8+CD25+FoxP3+ Treg
ratio was significantly altered by the treatments, as
shown in Figure 1F. The ratio was 9.8 in the controls
and decreased to 2.4 and 4 in the BY2 (-)- and high
dose-treated mice while increasing to 16.2 in the low
dose-treated mice (P < 0.005 compared with controls).
Oral administration of PRX-106 altered the dis
tribution of NKT (CD3+NK1.1+) lymphocytes. Figure
1G shows an increase in intrahepatic NKT cells in the
high dose-treated mice, with levels increasing 3.58%
compared 2.31% in controls (P < 0.05). Figure 1H
shows a significant decrease in the intrasplenic NKT
cells in the BY2(-)-treated mice, in which the levels
decreased to 0.42% compared with 0.82% in controls
(P < 0.05). The intrasplenic-to-intrahepatic NKT ratio
significantly decreased in all treated groups, as shown
in Figure 1I. The levels decreased to 0.15, 0.24 and
0.16 for the BY2(-)-treated and low dose and high
dose PRX106-treated mice, respectively, compared
with 0.35 in the controls (P < 0.05 vs controls).
To determine the effect of treatment on lymphocyte
trapping in the liver, the CD4/CD8 lymphocyte ratio
was calculated. The splenic CD4/CD8 ratio was
1.62, 1.48, 1.56 and 1.46 for the controls, BY2
(-)-treated and low and high dose PRX106-treated
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Oral administration of non-absorbable PRX-106 exerted
a beneficial effect on the liver, glucose and lipid
metabolism in NASH

During the 24 wk of the experiment, the weight
doubled for the mice in all groups. The average weight
gain was 82.5%, 83.3%, 81.8%, and 89.1% for
the controls, BY2(-)-treated and low and high dose
PRX106-treated mice, respectively (P = NS). The data
support the notion that the beneficial effect on the
liver, glucose, and lipid metabolism was independent of
weight.
Both dosages of PRX-106 exerted a beneficial effect
on the serum TGs at week 24, as shown in Figure
2A. The serum triglyceride levels decreased to 186
and 124 mg/dL for the low and high PRX106-treated
groups compared with 260 mg/dL for untreated
controls (P < 0.01 for high dose vs controls). Figure
2B shows that oral administration of the high dose of
PRX-106 decreased the AST levels at week 24. The
AST levels were 297 compared with 496 IU for the
high dose PRX106 vs the controls, respectively (P =
0.06). No significant effects on the ALT levels were
observed.
A beneficial effect of oral PRX106 on fasting glucose
levels was noted. At week 5, a significant decrease in
serum glucose levels was observed for the lower dosetreated PRX 106 with levels of 88, 76 and 86 mg% for
the BY2(-)-treated and low and high dose PRX106treated mice, respectively, compared with 104 mg% in
the controls (P < 0.05 for low dose vs controls). Figure
3A shows the beneficial effect of the treatments at the
end of trial, with a reduction in the glucose levels to
102, 103, and 102 mg% for the BY2(-)-treated and
low and high dose PRX106-treated mice, respectively,
compared with 119 mg% in controls. Figure 3B shows
the beneficial effect of the treatment on the delta of
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Figure 1 FACS analysis was performed on lymphocytes harvested from the spleens and livers of all mice from the experimental and control groups.
The results were compared for the following subsets of cells. A: Intrahepatic CD4+CD25+FoxP3+ lymphocytes; B: Intrasplenic CD4+CD25+FoxP3+ lymphocytes;
C: The intrasplenic-to-intrahepatic CD4+CD25+FoxP3+ ratio was calculated; D: Intrahepatic CD8+CD25+FoxP3+ lymphocytes; E: Intrasplenic CD8+CD25+FoxP3+
lymphocytes; F: The intrasplenic-to-intrahepatic CD8+CD25+FoxP3+ ratio was calculated; G: Intrahepatic NKT lymphocytes; H: Intrasplenic NKT lymphocytes; I: The
intrasplenic-to-intrahepatic NKT ratio was calculated; J: To determine the effect of the treatment on the lymphocyte trapping in the liver, the CD4/CD8 lymphocyte ratio
was calculated in the spleen and in the liver. The ratio between the splenic and hepatic CD4/CD8 ratios was calculated. aP < 0.05, bP < 0.01.
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Figure 2 Serum levels of triglycerides (A) and aspartate aminotransferase (B) were measured in all mice from the experimental and control groups. AST:
Aspartate aminotransferase. aP < 0.05.

the increase in fasting insulin levels between week
0 and 24. A trend for a reduction in the average
increase in insulin levels between weeks 0 and 24
was noted in all treated mice. The average change in
insulin levels was 2.69, 0.92, and 2.77 pg/mL for BY2
(-)-treated and low and high dose PRX106-treated
mice, respectively, compared with 3.06 pg/mL in
controls. Figure 3C shows the effect of oral PRX106 on
the HOMA-IR. A reduction trend for a reduction to 1.09
was observed for mice in the low dose PRX106-treated
group compared with the 1.25 value in the controls.
No significant differences were noted between groups
in the oral GTT performed at weeks 7 and 22 of the
study.
A decrease in hepatic TG content was observed in
the high dose-treated mice, as shown in Figure 4. The
triglyceride content was reduced to 23.54% per g liver
for the high dose PRX-106-treated mice compared
with 33.98% for the controls (P = 0.03).
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DISCUSSION
Orally administered plant cells expressing recombinant
anti-TNF fusion protein show biological activity and
exert an immunomodulatory effect, alleviating the liver
damage in the HFD model.
The pathogenesis of NASH involves a number of
[22]
immune mechanisms . Immunomodulatory treatments
have been suggested to play a role in alleviating the
[1]
disease . The results of the present study show that
oral administration of non-absorbable PRX-106 exerted
an immunomodulatory effect. Oral administration
of PRX-106 was associated with an increase in the
intrasplenic-to-intrahepatic CD4+CD25+FoxP3+ ratio,
suggesting that the drug generates a signal in the
gut that promotes regulatory cells in the periphery,
[23]
which can account for its anti-inflammatory effects .
Resident Treg cells in adipose tissue modulate
[24]
metabolism and glucose homeostasis . Interactions
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Figure 3 A beneficial effect of oral PRX106 on fasting glucose levels was noted. Serum glucose levels were measured at the end of the study in all mice (A); the
delta between the average serum insulin levels on day 0 and the end of trial was calculated (B); HOMA-IR was calculated for all mice at the end of the study (C).
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Figure 4 The liver triglyceride content was measured and calculated per liver weight to determine the percentage of fat in the mouse livers. aP = 0.03.

among leptin, Treg cells and adipose tissue are potential
[25]
targets for therapeutic interventions . The Treg
frequency is lower in TNF-α transgenic mice than in
[26]
wild-type mice . In humans, anti-TNFα therapy has a
clinical effect associated with promotion of Treg number
and function. Anti-TNFα therapy increased the Treg
proportion and suppressed effector T cells in patients
[27]
with arthritis .
Oral administration of PRX-106 also altered
the distribution of CD8+CD25+FoxP3+ Tregs.
CD8+CD25+FoxP3+ Tregs were suggested to be
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important in the induction of the systemic antiinflammatory effects mediated by several immuno
[28,29]
modulatory agents
and to suppress inflammation
[30]
in several immune-mediated disorders . The data
suggest a dose dependency of the observed immune
system effect, which may underlie some of the
differences noted in the clinical effects.
Oral administration of PRX-106 altered the dis
tribution of NKT (CD3+NK1.1+) lymphocytes. The
intrasplenic-to-intrahepatic NKT ratio significantly
decreased in all treated groups. NKT cells play a

8766

October 21, 2016|Volume 22|Issue 39|

Ilan Y et al . Oral anti TNF fusion protein for hepatitis
[48,49,56]

regulatory role that helps to prevent diet-induced
[31]
obesity and metabolic dysfunction . A reduction in
the number and an altered function of intrahepatic
NKT lymphocytes have been reported in leptin[32-35]
deficient ob/ob mice, a murine model for NASH
.
NKT cells were suggested to be important in the
[36,37]
regulation of immune-mediated disorders
, and
alteration of their distribution was shown to be relevant
[38-42]
in immunomodulation
. Our results further support
a regulatory role for NKT cells in the crosstalk between
[31]
metabolism and the immune system .
The ratio between the splenic and hepatic CD4/
CD8 ratios decreased for all treated groups, supporting
the notion that the treatment is associated with
sequestration of CD8+ lymphocytes in the liver. The
liver is a site at which apoptotic CD8+ cells accumulate
during the clearance phase of peripheral immune
[43]
responses . It serves as a “graveyard” for T cells
[44]
activated in the periphery . The liver was shown to
be an important site for CD8+ accumulation during
tolerance induction in a process that was independent
[45]
of NK cells . Our results support the ability of PRX-106
to promote CD8 lymphocytes in the liver during an
active systemic inflammatory process.
Oral administration of PRX-106 was associated
with a mild increase in serum TNF-α levels, suggesting
that the anti-inflammatory effects are independent
of this cytokine. PRX-106 is not absorbed, and its
immunomodulatory effect is therefore associated with
biological activity in the gut. A similar effect was reported
for the oral administration of the non-absorbable anti[46-49]
[50]
CD3
and delayed release 6 mercaptopurine ,
all of which generate a similar signal in the gut which
alters the systemic immune system.
Oral administration of PRX106 was associated with
a reduction in the serum triglyceride, glucose, insulin,
and AST levels. A decrease in hepatic TG content was
observed in the high dose-treated mice. Taken together,
our data suggest that the profound immunomodulatory
effect of oral PRX106 is associated with improvement in
the metabolic syndrome in the HFD model.
Etanercept is a TNFR2-Fc fusion protein that blocks
[51]
only soluble TNF but not membrane-bound TNF .
Parenteral administration of this compound has been
successfully used in the treatment of rheumatoid
arthritis and several other immunomodulatory tr
eatments. The data of the present study support
an immunomodulatory effect of orally administered
PRX-106. Several immunomodulatory agents exert
a different effect on the systemic immune system
when administered orally compared with during
[52-56]
parenteral administration
. Their local effect on the
gut is different than when the drug is administered
parentally. These compounds use the inherit ability of
the immune system of the gut to systemically promote
[54,55]
Tregs
and to exert potent anti-inflammatory
[54,55]
effects
. These effects are not associated with
generalized immune suppression.
Adjuvants were suggested to be important
for augmenting the effect of orally administered
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immunomodulatory agents
. The plant cell wall,
which is composed of cellulose, serves to protect
the active molecule from acid-base changes in the
stomach. The data of the present study suggest that
the plant cell wall also serves as an immune adjuvant
in the gut. Oral administration of mock cells, BY2
(-), which included vehicle alone, did exert some
immunomodulatory effects.
Previous studies showed that oral administration
of BY-2 cells expressing PRX-106 alleviated immunemediated liver injury in the Concanavalin A immune[57]
mediated hepatitis model . Similarly, in the TNBS
colitis model, oral administration of BY-2 plant cells
expressing PRX-106 resulted in a decrease in the
weight loss associated with immune-mediated colitis,
[58]
along with improvement in bowel histology .
In summary, orally administered plant cells
expressing recombinant anti-TNF fusion protein
show biological activity when administered orally.
It alters the systemic immune environment and
affects both the intrahepatic and splenic regulatory
T lymphocyte and NKT cell subsets. These changes
were associated with the observed beneficial effects
on the metabolic syndrome in the HFD model. As
a non-absorbable agent, PRX106 may serve as a
potent immunomodulatory agent that lacks immu
nosuppressive properties.
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activity and exerts an immunomodulatory effect, alleviating liver damage. The
data suggest that PRX-106 may provide an oral immunotherapy for NASH.
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PRX-106 is biologically active when administered orally. It alters the systemic
immune environment and affects both the intrahepatic and splenic regulatory
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T lymphocyte and NKT cell subsets. These changes were associated with the
observed beneficial effects on the metabolic syndrome in the HFD model of
NASH. As a non-absorbable agent, PRX106 may serve as a safe and potent
immunomodulatory agent that lacks immunosuppressive properties.
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Oral delivery of therapeutic proteins is a major goal when developing new
therapeutic modalities.

17

Peer-review

18

This is a pre-clinical trial that shows the potential beneficial effect of oral
administration of PRX-106 in a model for NASH. Further clinical trials are
required for showing its effects in patients with type 2 diabetes and NASH.
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Abstract

Institutional review board statement: The study was reviewed
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AIM
To determine the association of p53, carcinoembryonic
antigen (CEA) and CA19-9 protein expression with
esophageal carcinogenesis.

Informed consent statement: All participants gave their
written informed consent.

METHODS
An iodine staining endoscopic screening program of
esophageal lesions was carried out in the high-incidence
area of Feicheng County, China. Seventy-seven patients
with basal cell hyperplasia (BCH), 247 with low-grade
dysplasia (LGD), 51 with high-grade dysplasia (HGD),
134 with invasive cancer, and 80 normal controls
diagnosed by mucous membrane biopsy pathology
were enrolled. Immunohistochemical detection of p53,
CEA and CA19-9 proteins was performed. In the ROC
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[1]

of the most lethal malignancies . Due to the lack of
effective clinical methods for early detection, most
patients are at an advanced stage at the time of
[2-4]
diagnosis . ESCC is the fourth most common cause
[5,6]
of cancer death in China .
The pathogenesis of ESCC involves a stepwise
progression from basal cell hyperplasia (BCH) to lowgrade dysplasia (LGD), high-grade dysplasia (HGD),
carcinoma in situ, and finally invasive carcinoma.
[7-11]
Esophageal dysplasia is a precancerous lesion
,
but the development from dysplasia to carcinoma is
[12]
by no means inevitable . Long-term epidemiological
studies have indicated that severe-dysplasia is related
to the risk of ESCC development, but LGD transforms
into HGD only in a small number of patients, and can
revert to normal mucosa or does not transform into
[13-16]
malignant lesions in the majority of patients
.
Endoscopic screening is effective in early esophageal
cancer and to ascertain the stages of esophageal
[17-21]
carcinogenesis
. Current management guidelines
promote endoscopic screening in individuals with
esophageal dysplasia, thus it is very important to
identify biomarkers to screen high-risk subjects who
should undergo endoscopic examination.
The accumulation of p53 protein appears in the very
early stage of esophageal carcinogenesis and culminates
in malignant transformation, and increased p53 ex
pression observed on immunostaining is associated
[22-27]
with a higher risk of histological progression
.
Carcinoembryonic antigen (CEA) is normally produced
during fetal development and is used as a classic
[28,29]
tumor marker
. Carbohydrate antigen sialyl Lewis
a (CA19-9) is associated with cancers of the colon,
stomach, pancreas and bile duct, but it is also associated
[30-33]
with noncancerous conditions
. As far as we know
there are few studies on CEA and CA19-9 protein
expression in biopsy tissue from precancerous lesions of
the esophagus in a high-incidence area.
Therefore, we determined whether CEA and CA19-9
protein expression is also related to the early stage of
esophageal carcinogenesis transition, whether there
are associations between these three biomarkers, and
whether the combined expression of these biomarkers
may lead to a more thorough understanding of the
evolving process of ESCC. The aim was to prove a
relationship between the three biomarkers and the
stages in the transition to esophageal carcinoma,
and to evaluate the combination of these protein
biomarkers in predicting the malignant transition of
LGD and HGD in an endoscopic screening program.

curve analysis, the expression of a single biomarker
and the expression of a combination of biomarkers
were used to predict the risk of these four esophageal
lesions.
RESULTS
The positive rates of p53 protein expression in invasive
cancer, HGD, LGD, BCH and the normal control groups
were 53.0%, 52.9%, 35.6%, 27.3% and 20.0%,
respectively; the positive rates of CA19-9 protein
expression were 44.0%, 33.3%, 16.5%, 9.2% and
6.2%, respectively; the positive rates of CEA protein
expression were 74.6%, 60.8%, 23.3%, 23.7% and
16.2%, respectively. The positive rates of the combined
expression of the three biomarkers were 84.3%,
76.5%, 47.6%, 42.9% and 27.5%, respectively. In
the receiver operating characteristic curves of the
combination of the three biomarkers, the specificity
was 88.8% for the normal controls, and the sensitivity
was 58.2% for invasive cancer, 25.5% for HGD, 11.2%
for LGD, and 6.5% for BCH.
CONCLUSION
p53, CEA and CA19-9 protein expression was cor
related with esophageal carcinogenesis, and testing
for the combination of these biomarkers is useful for
identifying high-risk patients with precancerous lesions.
Key words: Esophageal squamous cell cancer; Esophageal
squamous cell dysplasia; p53; carcinoembryonic antigen;
CA19-9; Immunohistochemistry; Prediction
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Immunohistochemical detection of p53,
carcinoembryonic antigen (CEA) and CA19-9 proteins
was carried out in patients with basal cell hyperplasia,
low-grade dysplasia, high-grade dysplasia, invasive
cancer, and normal controls from an area with a high
incidence of esophageal lesions. Our data suggest that
p53, CEA, and CA19-9 protein expression correlated
with the stages of esophageal carcinogenesis. In an
endoscopic screening program, the expression of these
three biomarkers will be a useful panel for identifying
high-risk patients with precancerous lesions, and the
results will provide a basis for targeted prevention in a
high-incidence area of esophageal carcinoma.
Zhang H, Li H, Ma Q, Yang FY, Diao TY. Predicting malignant
transformation of esophageal squamous cell lesions by combined
biomarkers in an endoscopic screening program. World J
Gastroenterol 2016; 22(39): 8770-8778 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i39/8770.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i39.8770

MATERIALS AND METHODS
Subjects

An iodine staining endoscopic screening program
of esophageal lesions in the high-incidence area of
Feicheng County was carried out from January 2004 to
December 2007. A questionnaire was used to interview
all subjects to obtain basic information. The endoscopic

INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one
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screening test was performed in a small mobile car in
villages. For persons with a non-staining area of the
mucosa, random 4-quadrant biopsy specimens were
obtained. Histopathologic diagnosis was carried out by
two pathologists independently. The ethics committee
of Shandong Academy of Medical Sciences approved
the study protocol and all participants gave their
written informed consent.
In this study, subjects with liver diseases and
cardiovascular diseases were excluded. Immuno
histochemical analysis was performed to determine
the expression of p53, CEA and CA19-9 in histological
sections of endoscopic biopsies from 603 persons who
had free iodine staining regions of the esophagus.
Based on pathological diagnosis of the biopsies,
BCH was diagnosed in 77 persons, LGD in 247 (mild
dysplasia in 167 and moderate dysplasia in 80), HGD in
51 (severe dysplasia in 35 and carcinoma in situ in 16),
and early invasive carcinoma in 134. Eighty persons had
no abnormal lesions and acted as normal controls. The
data of 14 persons were excluded from the analysis due
to failure of the immunohistochemical test (5 for p53, 4
for CEA and 5 for CA19-9).

as statistically significant.

RESULTS
p53, CEA and CA19-9 protein expression

The univariate analysis indicated that there were
significant differences in age, school year, income
per year-person, alcohol drinking, and smoking
among the five groups, therefore these five variables
were adjusted in the multinomial logistic analysis
as potential confounding factors. Table 1 shows the
characteristics of the variables in the five groups.
The positive rates of p53 protein expression in the
ESCC, HGD, LGD, BCH and normal control groups
were 53.0%, 52.9%, 35.6%, 27.3% and 20.0%,
respectively; the positive rates of CA19-9 protein
expression were 44.0%, 33.3%, 16.5%, 9.2% and
6.2%, respectively; the positive rates of CEA protein
expression were 74.6%, 60.8%, 23.3%, 23.7% and
16.2%, respectively (Table 2). The differences in the
expression of the three biomarkers in the five groups
were significant, and there were also significant
linear trends in the increase in positive ratios with the
transformation from normal to carcinoma.
The positive rates of the combined expression of
the three biomarkers (if the expression of any one
of the three biomarkers was positive, the combined
expression was counted as positive；if there was
an overlap in expression, the score of the strongest
expression was taken as the score of the combination)
were 84.3%, 76.5%, 47.6%, 42.9% and 27.5% in the
five groups, respectively.

Immunohistochemistry

The immunohistochemical detection of p53, CEA
and CA19-9 proteins was performed using enzymelinked immunosorbent assay (ELISA) kits (Zymed
Laboratories, Inc., South San Francisco, CA, United
States).

Reviewing and scoring of the sections

The stained sections were reviewed and scored
independently by two investigators using an Olympus
microscope. Sections stained for p53, CEA and
CA19-9 protein expression were scored from 0 to 4: 0,
negative (no staining); 1, weakly positive (positive cells
were ≤ 10%); 2, positive (positive cells were > 10%
but ≤ 25%); 3, strongly positive (positive cells were
> 25% but ≤ 50%); and 4, very strongly positive
(positive cells were > 50%). In the multinomial
logistic model analysis, each biomarker was used as a
dependent variable and we defined 0 as negative and
1 as positive in order to avoid a zero number in one or
more groups.

Correlations between the three biomarkers and their
correlations with other factors

The correlation coefficients of p53 and CA19-9, p53
and CEA, and CA19-9 and CEA were 0.325, 0.374
and 0.503, respectively (all P < 0.01). The correlation
coefficients of p53, CA19-9 and CEA with the degree
of esophageal lesions were 0.287, 0.326 and 0.455,
respectively (all P < 0.01). Both p53 and CEA, but not
CA 19-9, had significant correlations with age (both
P < 0.05). The three biomarkers had no significant
correlations with school year, alcohol drinking index,
smoking index and family history of esophageal cancer
(Table 3).

Statistical analysis
2
The χ and Kruskal-Wallis H tests were used in the

Relationships of the three biomarkers with the stages of
transformation from basal squamous cell hyperplasia to
invasive carcinoma

univariate analysis. The Spearman correlation test was
performed to determine the association between the
three biomarkers. Odds ratios (ORs) were calculated
in the multinomial logistic model analysis. Receiver
operating characteristic (ROC) curve analysis was
used to discriminate the sensitivity and specificity
between each lesion group and the normal control
group for positive expression of the three biomarkers.
All statistical analyses were performed using SPSS
(version 17.0), and P < 0.05 (two-sided) was accepted
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The normal control group was regarded as the
baseline (OR = 1.0), and both the ORs and 95% CIs
of the three biomarkers in the other four groups were
calculated using multinomial logistic models. The
positive protein expression of p53, CEA and CA19-9
was significantly associated with the four esophageal
lesions. As shown in Table 4, almost all ORs (95%CIs)
of p53, CEA and CA19-9 increased with the stages
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Table 1 Distribution of selected variables in the esophageal basal cell hyperplasia, low-grade dysplasia, high-grade dysplasia,
1
esophageal squamous cell cancer and control groups n (%)
Variables

ESCC

Gender
Male
89 (66.4)
Female
45 (3.6)
Age (yr)
40-50
52 (38.8)
50-60
60 (44.8)
≥ 60
22 (16.4)
School year (yr)
≤6
79 (59.0)
7-11
50 (37.3)
≥ 12
5 (3.7)
Income per year-person ($)
< 150
60 (44.8)
150-350
56 (41.8)
≥ 350
18 (13.4)
Family history of esophageal cancer
Yes
19 (14.2)
No
115 (85.8)
Smoking index2
≥ 450
52 (38.8)
< 450
25 (18.7)
None
57 (42.5)
Alcohol drinking index3
≥ 120
56 (42.0)
< 120
28 (20.6)
None
50 (37.4)

HGD

LGD

BCH

Normal control

32 (62.7)
19 (37.3)

146 (59.1)
101 (40.9)

48 (62.3)
29 (37.7)

40 (50.0)
40 (50.0)

16 (31.4)
25 (49.0)
10 (19.6)

60 (24.3)
128 (51.8)
59 (23.9)

20 (26.0)
34 (44.2)
23 (29.9)

7 (8.8)
29 (36.3)
44 (55.0)

20 (39.3)
22 (43.1)
9 (17.6)

105 (42.5)
98 (39.7)
44 (17.8)

32 (41.6)
30 (39.0)
15 (19.5)

23 (28.8)
36 (45.0)
21 (26.3)

22 (43.1)
17 (33.3)
12 (23.5)

101 (40.9)
92 (37.2)
54 (21.9)

26 (33.8)
24 (31.2)
27 (35.1)

8 (10.0)
21 (26.3)
51 (63.8)

12 (23.5)
39 (76.5)

50 (20.2)
197 (79.8)

16 (20.8)
61 (79.2)

8 (10.0)
72 (90.0)

23 (45.1)
4 (7.8)
24 (47.1)

69 (27.8)
40 (16.3)
138 (55.9)

31 (40.0)
12 (16.0)
34 (44.0)

14 (17.7)
16 (20.3)
49 (62.0)

16 (31.4)
11 (21.6)
24 (47.1)

77 (31.0)
44 (18.0)
126 (51.0)

22 (28.0)
17 (22.7)
38 (49.3)

6 (7.5)
29 (36.3)
45 (56.3)

1

In the five groups, χ 2 test values for gender, age, school year, family history of esophageal cancer, income per year-person, smoking index, and alcohol
drinking index were 6.046 (P = 0.196), 52.858 (P < 0.01), 45.436 (P < 0.01), 76.476 (P < 0.01), 7.137 (P = 0.129), 21.682 (P = 0.006), and 34.085 (P < 0.01),
respectively; 2Smoking index = cigarette/day × number of smoking years; 3Alcohol drinking ≥ 120 g/d represents heavy drinking. ESCC: Esophageal
squamous cell cancer; HGD: High-grade dysplasia; LGD: Low-grade dysplasia; BCH: Basal cell hyperplasia.

of transition. The strongest relationship was seen in
the ESCC group. BCH had no significant association
with the positive protein expression of the three
biomarkers. However, the combination of the three
biomarkers had significant relationships with all four
esophageal lesions.

for the BCH group.

DISCUSSION
Wild-type p53 suppresses cell proliferation in normal
[34]
tissues , and p53 overexpression is regarded as
[35-39]
a potential tumor prognostic factor
. Increased
p53 expression in the pathogenesis of ESCC or
adenocarcinoma indicates that p53 overexpression is
involved in the initial steps of esophageal carcinogenesis
and contributes to the development of precancerous
[40]
lesions. van Dekken et al
studied histologic sections
of endoscopic biopsies from patients with Barrett’s
esophagus, and found a significant trend for p53 pro
tein overexpression during malignant progression.
[23]
Kim et al
reported that positively stained p53
protein was observed in 87% of ESCC, 80% of
esophageal dysplasia, and was not observed in normal
[26]
mucosa. Bellini et al
reported that positive p53
immunohistochemistry progressively increased with
pathology severity: Chagas disease (7.7%), chagasic
megaesophagus (26.1%), chronic esophagitis (52.2%)
and ESCC (100%). We also found that p53 expression
showed a significant linear trend with the transition
from normal to cancer.
An increase in CEA or CA19-9 level is associated
[32,41]
with a more advanced tumor stage
, and their

ROC curves and the possibility of predicting the
malignant development of the esophageal lesions based
on the positive expression of the three biomarkers
In the ROC curve analysis, we used a single biomarker
and the combination of the three biomarkers to predict
the risk of the four esophageal lesions. As shown in
Table 5, the areas of ROC curves for the combination
of the three biomarkers were 0.837, 0.740, 0.590
and 0.562 in the ESCC, HGD, LGD and BCH groups,
respectively. Statistical significance was found in the
ESCC, HGD and LGD groups, but not in the BCH
group.
When the positive expression score of 10%-25%
was taken as the cut-off value, the sensitivities and
specificities of the four ROC curves were determined
and are shown in Table 6 and Figure 1. In the ROC
curves of the combination of the three biomarkers, the
specificity was 88.8% for the normal control group,
the sensitivity was 58.2% for the ESCC group, 25.5%
for the HGD group, 11.2% for the LGD group, and 6.5%
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1

Table 2 Distribution of p53, CA19-9 and carcinoembryonic antigen expression in the five groups n (%)
Protein expression
p53
Negative
Positive
1%-10%
10%-25%
25%-50%
≥ 50%
CA19-9
Negative
Positive
1%-10%
10%-25%
≥ 25%
CEA
Negative
Positive
1%-10%
10%-25%
25%-50%
≥ 50%
Three biomarkers combined2
Negative
Positive
1%-10%
10%-25%
25%-50%
≥ 50%

ESCC

HGD

LGD

BCH

Normal control

63 (47.0)

24 (47.1)

159 (64.4)

56 (72.7)

64 (80.0)

18 (13.4)
20 (14.9)
24 (17.9)
9 (6.8)

17 (33.3)
8 (15.7)
2 (3.9)
0 (0)

62 (25.1)
20 (8.1)
6 (2.4)
0 (0)

17 (22.1)
3 (3.9)
1 (1.3)
0 (0)

11 (13.8)
5 (6.3)
0 (0)
0 (0)

75 (56.0)

34 (66.7)

206 (83.5)

70 (90.8)

75 (93.8)

43 (32.1)
13 (9.7)
3 (2.2)

15 (29.4)
1 (2.0)
1 (2.0)

40 (16.1)
1 (0.4)
0 (0)

6 (7.9)
0 (0)
1 (1.3)

4 (5.0)
1 (1.3)
0 (0)

34 (25.4)

20 (39.2)

189 (76.7)

59 (76.3)

67 (83.8)

47 (35.1)
31 (23.2)
19 (14.2)
3 (2.2)

27 (52.9)
4 (7.8)
0 (0)
0 (0)

56 (22.5)
2 (0.8)
0 (0)
0 (0)

16 (21.1)
1 (1.3)
1 (1.3)
0 (0)

7 (8.8)
6 (7.5)
0 (0)
0 (0)

21 (15.7)

12 (23.5)

129 (52.4)

44 (57.1)

58 (72.5)

35 (26.1)
30 (22.4)
36 (26.8)
12 (9.0)

26 (51.0)
10 (19.6)
3 (5.9)
0 (0)

90 (36.4)
22 (8.8)
6 (2.4)
0 (0)

28 (36.4)
4 (5.2)
1 (1.3)
0 (0)

13 (16.3)
9 (11.3)
0 (0)
0 (0)

1

In the five groups, the Kruskal-Wallis H test values of the differences in positive protein expression ratios of p53, CA19-9, CEA, and the three biomarkers
combined were 50.279 (P < 0.001), 68.660 (P < 0.001), 160.453 (P < 0.001), and 142.393 (P < 0.001), respectively. The values of the linear-by-linear association
test were 68.737 (P < 0.001), 61.076 (P < 0.001), 128.738 (P < 0.001), and 141.591 (P < 0.001), respectively; 2If the expression of any one of the three biomarkers
was positive, the combined expression was counted as positive; if there was an overlap in expression, the score of the strongest expression was taken as the
score of the combination. ESCC: Esophageal squamous cell cancer; HGD: High-grade dysplasia; LGD: Low-grade dysplasia; BCH: Basal cell hyperplasia.

[43]

Scarpa et al
reported that the two biomarkers
should be considered when evaluating candidates for
esophagectomy.
[44]
Setoyama et al found that CEA mRNA expression
was positively related to tumor depth and lymph node
metastasis in ESCC patients. In another study, CEA
mRNA was expressed in the blood, even though CEA
[45]
and CA19-9 were normal in patients with relapse .
From these studies, we suggest that the serum level
of CEA or CA19-9 protein expression in patients
with early stages of carcinoma may be too low to be
detected. In contrast, CEA or CA19-9 protein expression
in biopsies from patients with the initial stages of
esophageal carcinogenesis can easily be detected by
immunohistochemistry. In the present study, the main
finding was that the positive expression of CEA and
CA19-9 proteins increased with the severity of BCH,
dysplasia and carcinoma of the esophagus. These
results are useful in understanding the mechanism of
the evolution of esophageal cancer at the molecular
level of protein expression.
Positive protein expression of p53, CEA and CA19-9
was associated with esophageal carcinogenesis, and
a moderate association was found between the three
biomarkers in the present study. Interestingly, we
discovered that when the positive expressions of the

Table 3 The correlation coefficients for p53, CA19-9, CEA
and selected variables
Variables

Spearman's correlation coefficient

Age
School year
Alcohol drinking index
Smoking index
Family history of
esophageal cancer
Degree of esophageal
lesions3
p53
CA19-9
CEA

p53

CA19-9

CEA

-0.0811
0.197
-0.050
-0.038
0.020

-0.065
0.139
-0.056
-0.050
-0.078

-0.0931
0.213
-0.021
-0.003
-0.035

0.2872

0.3262

0.4552

1

0.3252
1.000

0.3742
0.5032
1.000

1

Correlation is significant at the 0.05 level (2-tailed); 2Correlation is
significant at the 0.01 level (2-tailed); 3The variable definitions for
the degree of esophageal lesions were: 1, normal control; 2, basal cell
hyperplasia; 3, low-grade dysplasia; 4, high-grade dysplasia; 5, invasive
squamous cell cancer.

combination may provide more information for
[42]
diagnosis and prognosis. Bagaria et al
reported
that with the specificity set at 100%, the sensitivity
for esophageal cancer was 28%, 18% and 42% for
CEA, CA19-9 and their combination, respectively.

WJG|www.wjgnet.com

8774

October 21, 2016|Volume 22|Issue 39|

Zhang H et al . Malignant transformation of esophageal squamous cell lesions
Table 4 The associations of the positive expression of p53, CA19-9 and CEA proteins with basal cell hyperplasia, low-grade
dysplasia, high-grade dysplasia, and esophageal squamous cell cancer [OR (95%CI)]
Variables
p53
Model 11
Model 22
CA19-9
Model 11
Model 22
CEA
Model 11
Model 22
Three biomarkers combined3
Model 11
Model 22

ESCC

HGD

LGD

BCH

4.51 (2.38-8.59)
4.52 (2.17-4.92)

4.50 (2.07-9.78)
4.88 (2.10-11.33)

2.21 (1.21-4.06)
2.31 (1.17-4.56)

1.50 (0.71-3.15)
1.60 (0.72-3.57)

15.15 (7.45-30.84)
23.57 (9.27-56.86)

7.99 (3.53-18.10)
12.01 (4.61-31.32)

1.57 (0.81-3.04)
2.05 (0.91-4.63)

1.60 (0.72-3.54)
1.99 (0.81-4.93)

11.80 (4.49-31.05)
17.40 (4.76-63.59)

7.50 (2.56-22.00)
11.06 (2.80-43.71)

2.96 (1.13-7.76)
3.80 (1.06-13.66)

1.52 (0.46-5.02)
1.81 (0.41-7.96)

14.19 (7.21-27.91)
16.64 (7.68-36.05)

8.57 (3.80-19.30)
10.11 (4.20-24.32)

2.40 (1.38-4.15)
2.59 (1.38-4.86)

1.98 (1.02-3.85)
2.15 (1.04-4.45)

1

In the regression model, ORs were calculated without adjustments for any variables; 2In the regression model, ORs were calculated after adjustment for
age, school year, income per year-person, smoking, alcohol drinking, and family history of esophageal cancer; 3If the expression of any one of the three
biomarkers was positive, the combined expression was counted as positive; if there was an overlap in expression, the score of the strongest expression was
taken as the score of the combination. ESCC: Esophageal squamous cell cancer; HGD: High-grade dysplasia; LGD: Low-grade dysplasia; BCH: Basal cell
hyperplasia.

Table 5 Area of receiver operating characteristic curves for p53, CA19-9, CEA and the three biomarkers combined in the four
esophageal lesions
Protein expression
p53
ESCC
HGD
LGD
BCH
CA19-9
ESCC
HGD
LGD
BCH
CEA
ESCC
HGD
LGD
BCH
Three biomarkers
combined1
ESCC
HGD
LGD
BCH

Z value

P value

0.629-0.756
0.581-0.749
0.523-0.632
0.452-0.613

5.483
3.416
2.197
0.725

0.001
0.006
0.028
0.468

0.0359
0.0509
0.0363
0.0464

0.625-0.751
0.549-7.200
0.498-0.609
0.433-0.595

5.288
2.714
1.484
0.317

< 0.001
0.007
0.138
0.751

0.802
0.712
0.532
0.531

0.0293
0.0479
0.0369
0.0463

0.742-0.853
0.260-0.788
0.476-0.558
0.449-0.611

10.302
4.423
0.872
0.668

< 0.001
< 0.001
0.383
0.504

0.837
0.740
0.590
0.562

0.0260
0.0460
0.0352
0.0458

0.780-0.884
0.656-0.813
0.535-0.644
0.0481-0.641

212.656
5.220
2.586
1.360

< 0.001
< 0.001
0.010
0.174

Area

SE

95%CI

0.696
0.669
0.578
0.533

0.0357
0.0495
0.0356
0.0461

0.650
0.638
0.554
0.515

1

If the expression of any one of the three biomarkers was positive, the combined expression was counted as positive; if there was an overlap in expression,
the score of the strongest expression was taken as the score of the combination. ESCC: Esophageal squamous cell cancer; HGD: High-grade dysplasia; LGD:
Low-grade dysplasia; BCH: Basal cell hyperplasia.

three biomarkers were combined, the specificity for
diagnosis of esophageal lesions was 88.8%, which was
the target level for screening high-risk individuals, and
the sensitivities markedly increased with severity of
the esophageal lesions.
However, the identification of patients with dys
plasia who will then develop malignant lesions is very
important. It is known that p53, CA19-9 and CEA
proteins are secreted by malignant cells, and the
simultaneous positive expression of these biomarkers
in benign pathological lesions of the esophagus

WJG|www.wjgnet.com

may possibly indicate that these lesions will become
malignant. Our results indicate that an endoscopic
screening program to detect these three biomarkers
is beneficial to identify high-risk individuals with
esophageal diseases. This information will be useful for
doctors to plan the follow-up interval for endoscopic
biopsy surveillance, and to decide on appropriate
treatment.
It is difficult to obtain a biopsy from the free iodine
staining area exactly at the site of the lesion, thus
there may be some misclassification of diagnosis, and
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Figure 1 Curves for predicting esophageal lesions based on positive expression of the three biomarkers. These ROC curves are for ESCC (A), HGD (B),
LGD (C), and BCH (D), respectively. Note: If the expression of any one of the three biomarkers was positive, the combined expression was counted as positive; if
there was an overlap in expression, the score of the strongest expression was taken as the score of the combination. ESCC: Esophageal squamous cell cancer; HGD:
High-grade dysplasia; LGD: Low-grade dysplasia; BCH: Basal cell hyperplasia; ROC: Receiver operating characteristic curve.

In addition, the expression of other biomarkers,
[46]
[47]
[48]
such as p21 , Ki-67, ProExC
and cyclin D1 , is
associated with ESCC, thus the relatively low sensitivity
of the three biomarkers combined in the present study
may have been influenced by other mechanisms
involved in ESCC carcinogenesis.

Table 6 Diagnostic values of predicting the four esophageal
lesions based on the positive expression of the three
1
biomarkers combined at the cut off value of 10%-25% (%)
Group

Sensitivity

95%CI

+PV

95%CI

ESCC
HGD
LGD
BCH

58.2
25.5
11.2
6.5

49.4-66.7
14.3-39.6
7.6-15.8
2.2-14.5

89.7
59.1
75.7
35.7

81.3-95.1
36.4-79.3
58.8-88.2
12.9-64.8

ACKNOWLEDGMENTS
We appreciate Dr. Guo-qing Wang and Gui-qi Wang of
the Cancer Institute and Hospital, Chinese Academy
of Medical Science for guidance on the endoscopic
screening of esophageal diseases in Feicheng County.

1

If the expression of any one of the three biomarkers was positive, the
combined expression was counted as positive; if there was an overlap in
expression, the score of the strongest expression was taken as the score of
the combination. The specificity was 88.8% for the normal control group,
with a 95%CI of 79.7%-94.7%. ESCC: Esophageal squamous cell cancer;
HGD: High-grade dysplasia; LGD: Low-grade dysplasia; BCH: Basal cell
hyperplasia.
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Esophageal squamous cell carcinoma (ESCC) is one of the most lethal
malignancies, and the pathogenesis involves a stepwise progression from basal
cell hyperplasia (BCH) to low-grade dysplasia (LGD), high-grade dysplasia
(HGD), carcinoma in situ, and finally invasive carcinoma. It is very important to
identify biomarkers to screen high-risk subjects.
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The accumulation of p53 protein appears in the very early stage of esophageal
carcinogenesis and culminates in malignant transformation. There are few
studies on carcinoembryonic antigen (CEA) and CA19-9 protein expression in
biopsy tissue from precancerous lesions of the esophagus in a high-incidence
area. Therefore, the authors determined whether the combined expression of
these three biomarkers would lead to a more thorough understanding of the
development of ESCC.

10

11

Innovations and breakthroughs

The positive protein expression of p53, CEA and CA19-9 was associated
with esophageal carcinogenesis. When the positive expressions of the three
biomarkers were combined, the specificity achieved the target level for
screening high-risk individuals, and the sensitivities markedly increased with
the severity of esophageal lesions.

12

Applications

13

The results of this study indicate that an endoscopic screening program
to determine these three biomarkers is beneficial to identify high-risk
individuals with esophageal diseases. Information on the expression of these
three biomarkers will be useful for doctors to plan the follow-up interval for
endoscopic biopsy surveillance, and to decide on appropriate treatment.

14

Terminology

CA19-9 is a high-molecular-mass mucin glycoprotein complex and is used as a
tumor marker for cancers of the colon, stomach, pancreas and bile duct.
15

Peer-review

The authors revealed that the combined assessment of p53, CEA and CA19-9
could predict the malignant potential of esophageal lesions. The concept of the
study is clinically relevant.
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Abstract
AIM
To investigate the role of macrophage colony-stimulating
factor (M-CSF) in patients with hepatocellular carcinoma
(HCC) after surgery.

Informed consent statement: All involved persons (subjects
or legally authorized representatives) gave their informed consent
(written or verbal, as appropriate) prior to study inclusion.
Conflict-of-interest statement: There are no conflicts-ofinterest on this study.

METHODS
Expression of M-CSF, distribution of M2 macrophages
(Mφs), and angiogenesis were assessed in the liver,
including tumors and peritumoral liver tissues. The
prognostic power of these factors was assessed. Mouse
isolated hepatic Mφs or monocytes were cultured
with media containing M-CSF. The concentration of
vascular endothelial growth factor (VEGF) in media was
assessed. Furthermore, the role of the M-CSF-matured
hepatic Mφs on proliferation of the vascular endothelial
cell (VEC) was investigated.

Data sharing statement: 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
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
A strong correlation between the expressions of M-CSF
and CD163 was observed in the peritumoral area. Also,
groups with high density of M-CSF, CD163 or CD31
showed a significantly shorter time to recurrence (TTR)
than low density groups. Multivariate analysis revealed
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[4]

been studied ; however, results have not been
well elucidated. Previously, the oncogenesis of HCC
has been predominantly investigated in terms of
oncogenic factors above mentioned. Alternatively,
chronic inflammation is also strongly linked to
mechanisms of initiation or progression of carcinoma
by increasing production of reactive oxygen species
and inflammatory cytokines from inflammatory cells,
such as hepatic macrophages (Mφ), “Kupffer cells
[5,6]
(KC)”, and infiltrating neutrophils into the liver .
Previously, we reported a relationship between chronic
inflammation caused by hepatitis viral infection and
DNA damage due to oxidative stress in patients
with HCC. Furthermore, it was also reported that
the period of post-operative recurrence was much
shorter in patients with high oxidative stress compared
with patients who had low oxidative stress in HCV[7]
infected liver . In addition to the oncogenic factors,
the microenvironment is also an important factor as
the soil for initiation and progression of HCC. Budhu et
[8]
al reported that metastasis of HCC was associated
with an immune system in the liver, suggesting that
liver tissues surrounding tumors have an effect on
prognosis of HCC.
Macrophages, one of the predominant infiltra
[9]
ting cell types into the tumor , are attracted by
[4]
chemokines . When Mφs are activated, they can
eliminate malignant cells or draw out reactions
[10]
causing tissue destruction . Although the significant
role of macrophage colony-stimulating factors
(M-CSF) and tumor-infiltrating Mφs in IM of HCC was
[8]
already reported by Budhu et al , the postoperative
prognostic significance has not been cleared. Results
from the most recent report suggest expression of
M-CSF was associated with poor survival after curative
liver resection in patients with HCC, emphasizing
the important role of the microenvironment in the
[11]
intrahepatic recurrence of HCC . M-CSF can also
[12,13]
induce production of Th2 cytokines
and some
growth factors by the monocyte, which are essential
[14]
for cell growth and invasion of tumor . Indeed,
M-CSF induces vascular endothelial growth factor
(VEGF) production and angiogenesis in monocytes.
Furthermore, suppression of M-CSF decreased the
infiltration of Mφs and suppressed tumor progression.
On the other hand, hyper expression of M-CSF or
treatment of recombinant M-CSF enhanced infiltration
of Mφs, which is associated with growth of tumor cells
[15-17]
and angiogenesis
.
Based on these results, it was hypothesized that
M-CSF expression in non-tumoral liver tissues may
enhance recruitment of M2Mφ and angiogenesis, and
enhance growth of tumor cells. This may increase the
rate of recurrence of HCC, leading to a poor overall
survival. Furthermore, in this study, the role of M-CSF
on production of VEGF by the hepatic Mφs and the
proliferation of vascular endothelial cells (VEC) were
investigated in vitro.

the expression of M-CSF or hepatic M2Mφs in the
peritumoral area as the most crucial factor responsible
for shorter TTR. Moreover, the expression of M-CSF
and hepatic M2Mφs in the peritumoral area had better
predictable power of overall survival. Values of VEGF in
culture media were significantly greater in the hepatic
Mφs compared with the monocytes. Proliferation of the
VEC was greatest in the cells co-cultured with hepatic
Mφs when M-CSF was present in media.
CONCLUSION
M-CSF increases hepatocarcinogenesis, most likely by
enhancing an angiogenic factor derived from hepatic
Mφ and could be a useful target for therapy against
HCC.
Key words: M2 macrophage; Vascular endothelial growth
factor; Vascular endothelial cell; Monocyte; Angiogenesis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study was designed to investigate the
role of macrophage colony-stimulating factor (M-CSF)
in patients with hepatocellular carcinoma (HCC) after
resection. Groups with high density of M-CSF, CD163 or
CD31 showed a significantly shorter time to recurrence
(TTR) than low density groups. Multivariate analysis
revealed the expression of M-CSF or hepatic M2Mφs
in the peritumoral area as the most crucial factor
responsible for shorter TTR. The expression of M-CSF
and hepatic M2Mφs in the peritumoral area had better
power for the prediction of overall survival. Thus, M-CSF
could be a useful target for therapy against HCC.
Kono H, Fujii H, Furuya S, Hara M, Hirayama K, Akazawa Y,
Nakata Y, Tsuchiya M, Hosomura N, Sun C. Macrophage colonystimulating factor expressed in non-cancer tissues provides
predictive powers for recurrence in hepatocellular carcinoma.
World J Gastroenterol 2016; 22(39): 8779-8789 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i39/8779.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i39.8779

INTRODUCTION
Hepatocellular carcinoma (HCC) is a globally common
cancer, resulting over one million deaths every
[1]
year . The etiology of HCC is strongly associated
with liver cirrhosis due to alcohol abuse and hepatitis
viral infection, exposure to aflatoxin B1 and various
[2]
metabolic liver diseases . The mechanisms of HCC are
mainly still unknown.
Although liver resection improves overall survival
[3]
in patients with HCC , a high rate of postoperative
recurrence is still one critical problem, including
intrahepatic metastasis (IM) or multicentric (MC)
recurrence. Biomarkers, which derived from carcinoma
cells or tumor-associated fibrotic tissues, have
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ME), were housed in a clean, temperature-controlled
environment with a 12-h light-dark cycle and were
given free access to regular laboratory chow diet and
water for several days. All animals received humane
care, and the study protocols were approved by the
Committee of Laboratory Animals at University of
Yamanashi according to institutional guidelines.

Table 1 Clinicopathological features of the patients
Clinicopathological features
Patients
Gender
Age (yr)
Virus infection
UICC-TNM classification
Tumor number
Tumor size (cm)
Portal vein invasion
Tumor differentiation
Number of platelet (× 104)
Alanine aminotransferase
(ALT) (U/L)
Total bilirubin (mg/dL)
Prothrombin activity (%)
Indocyanine green R15 (%)
Alpha-fetoprotein (ng/mL)

n = 77
male : female = 38 : 10
mean = 66.6 (44-85)
HCV : HBV : NBNC = 72 : 4 : 1
Ⅰ : Ⅱ : ⅢA : ⅢB = 41 : 32 : 3 : 1
single : multiple : unknown = 48 : 28 : 1
mean = 3.0 (1.0-9.5)
yes : no : unknown = 7 : 68 : 2
well : mod : poor : unknown = 18 : 44 : 13 : 2
mean = 13.4 (3.8-28.1)
mean = 50.9 (16-207)

Liver tissues

Sections of tumor and surrounding liver tissues were
collected at the time of the operation. Then, sections
were fixed in formalin (10%), dehydrated in absolute
ethanol and embedded in paraffin. Serial sections (5 µm
thick) were prepared for further immunohistochemical
analysis.

mean = 0.9 (0.3-1.9)
mean = 77.1 (33.0-104.0)
mean = 19.1 (6.0-44.4)
mean = 389.6 (1.8-602.6)

Immunohistochemical detection of M-CSF, CD68, CD163,
and CD31

From July 2000 to June 2008, consecutive patients in the University of
Yamanashi Hospital (Yamanashi, Japan) who (1) were diagnosed as
having HCC and (2) underwent curative resection surgery, were enrolled
in this study.

Paraffin-embedded serial sections of liver tissues
were stained immunohistochemically with antiM-CSF (Santa Cruz Biotechnology, Santa Cruz,
CA), anti-CD68 (DAKO, Kyoto, Japan), anti-CD163
(Abcam, Cambridge, United Kingdom), or anti-CD31
(Abcam) antibodies. Briefly, after deparaffinization
and rehydration, the antigen retrieval procedure was
applied by heating the slides in 0.1 mol/L citrate buffer
(pH 6.0) for 10 min. The sections were then incubated
first with 0.3% H2O2 in distilled water for 5 min to
block endogenous peroxidase and then incubated with
one of the following antibodies: monoclonal mouse
antihuman CD68 (diluted to 1:200), CD163 (diluted to
1:200), CD31 (diluted to 1:200) , and M-CSF (diluted
to 1:100) at 4 ℃ overnight. Biotinylated secondary
antibody conjugated with avidin-biotin horseradish
peroxidase (Dako Envison kit/HRP; Dako, Kyoto,
Japan) and 3’,3’-diaminobenzidine tetrahydrochloride
were used for standard avidin biotinylated peroxidase
detection. Quantitation of cells that stained positive
for CD68, CD163, CD31 and M-CSF was performed
using image analysis software (Scion Image; Scion
Corp., Frederick, MD) by evaluating five different fields
(magnification: × 400) for areas positively stained and
expressed as a percentage of the total area.

MATERIALS AND METHODS
Patients

This is a retrospective single-center, open-label study.
From July 2000 to June 2008, consecutive patients
in the University of Yamanashi Hospital (Yamanashi,
Japan) who (1) were diagnosed as having HCC; and
(2) underwent curative resection were enrolled in this
study (Table 1).

Follow-up and postoperative treatment

All patients were observed until December 2013. The
presence and identification of the hepatitis virus was
determined by one or more of the following techniques:
(1) the presence of anti-HCV and anti-HBV reactive
serum proteins; (2) reverse transcription-PCR for
serum HCV-RNA; or (3) the branched DNA-HCV probe
assay. Following liver resection patients returned to
the ambulatory care clinic for additional tests monthly.
Serum a-fetoprotein levels were measured every
month. In addition, ultrasonography and computed
tomography (CT) of the liver were performed every 2
and 4 mo, respectively. Informed consent was obtained
from all subjects who participated in the study, and the
study was approved by the Institutional Board on Ethics
for Human Science at the University of Yamanashi.
All available clinical data for the patients enrolled in
this study are summarized in Table 1. Overall survival
(OS) was defined as the interval between the dates of
surgery and death. Disease-free survival (DFS) was
defined as the interval between the dates of surgery and
recurrence; if recurrence was not diagnosed, patients
were censored on the date of death or the last follow-up.

Effects of M-CSF on production of vascular endothelial
growth factor by the isolated Kupffer cells and the
monocytes from mice in vitro

Kupffer cells were isolated by counterflow centrifugal
elution as described in our previous work with some
[18]
modifications . Briefly, nonparenchymal cells were
isolated by collagenase digestion and differential
centrifugation using Nycodenz (Nycomed Pharma AS,
[19]
Oslo, Norway) as described elsewhere . Furthermore,
the peripheral blood monocytes were isolated by
the centrifugation method using magnetic beads
EasySep (Tokyo, Japan). These cells were incubated
in media containing recombinant mouse M-CSF (100
ng/mL) (Sigma) for a designated time period (from 1
to 5 d). In another set of experiments, isolated KCs

Animals

For the in vitro study, male C57BL/6 mice (8-10 wk of
age, obtained from Jackson Laboratories, Bar Harbor,
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Intermediate expression

Low expression

Intratumor

Peritumor
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Figure 1 Immunohistochemical staining for macrophage colony-stimulating factor. Immunohistochemical staining for M-CSF in intratumoral and peritumoral
tissues in the liver was performed as described in Patients and Methods. Representative photomicrographs are shown. Original magnification, × 400.

were incubated with different doses of M-CSF (0, 1
ng, 10 ng, and 100 ng/mL) in media for 5 d. The
concentration of VEGF in media was measured by an
ELISA kit (R&D Systems, Minneapolis, MN).

proportional hazard model was used to calculate
hazard ratio and the P value of each parameter. P <
0.05 was considered statistically significant.

RESULTS

Effects of hepatic macrophages and M-CSF on
proliferation of the vascular endothelial cells

The clinical characteristics of HCC patients in this study
are shown in Table 1. Experiments were performed
using resected liver specimens including HCC and
tumor free non-cancerous liver tissue by surgery.

The effects of M-CSF and the KCs on the proliferation
of the VECs were investigated. The KCs were isolated
by collagenase digestion and the centrifugation method
above mentioned, and the VECs were isolated from the
aorta. The VECs were seeded on the bottom chamber
of a trans-well chamber (Corning Inc., Corning, NY)
and the hepatic macrophages were seeded on the
upper chamber. These cells were incubated with the
media containing M-CSF (mouse recombinant M-CSF;
100 ng/mL) (Sigma, St. Louis, MO) for 4 d and
proliferation of the VECs was assessed.

Expression of M-CSF in intratumoral and peritumoral
tissues in patients with HCC

Immunohistochemical staining for M-CSF was
performed as described in the Patients and Methods
section. Immunohistochemical staining for M-CSF was
observed in the cytoplasm of both tumor cells and
hepatocytes (Figure 1). On the other hand, most of
the non-parenchymal cells were negatively stained.
The expression of M-CSF in intratumoral tissues
was not correlated with DFS and overall survival rate
(OS) (data not shown), consistent with the previous
[11]
report . On the other hand, in peritumoral tissues,
DFS and OS were significantly shorter in the high
expression group than in the low expression group
(Figures 2 and 3), consistent with the previous
[11]
reports .

Statistical analysis

Analysis was performed using SPSS 13.0 for Windows
2
(SPSS Inc., Chicago IL). The Pearson χ test or Fisher’s
exact test was used to compare qualitative variables,
and quantitative variables were analyzed by the t test
or Pearson’s correlation test. Kaplan-Meier analysis
was used to determine the survival (time to recurrence
and overall survival). Receiver operating characteristic
(ROC) curve analysis was used to determine the
predictive value of the parameters. For the univariate
analysis, linear regression, or Log-rank test statistical
procedures were used to assess which endpoints could
be used for predicting the prognosis of HCC patients
after surgery. For the multivariate analysis, the Cox
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Expression of CD68, CD163, and CD31 in liver tissues of
patients with HCC

Immunohistochemical staining for CD68 (a marker of
the M1Mφs and/or the monocytes), CD163 (a marker
of the M2Mφs), and CD31 (a marker of the vascular
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Figure 2 Cumulative disease-free survival curves of patients with high or low peritumoral features. Disease free survival curves of patients with high or low
expression of CD68, CD163, CD31 and macrophage colony-stimulating factor (M-CSF) in peritumoral liver tissues are shown. A: M-CSF; B: CD163; C: CD31; D:
CD68. The intratumoral features were not associated with disease-free survival.

endothelial cells) was performed as described in the
Patients and Methods section. A positive correlation
was observed between the expression of M-CSF and
CD31 in the peritumoral liver tissues, but not between
M-CSF and CD163 (Figure 4), or CD68 (data not
shown).
To determine the cutoff value of the M-CSF positive
area, an ROC curve was drawn using recurrence
within one year. Patients with a high expression
of CD31 or CD163 in peritumoral tissues showed
significantly poorer DFS compared with patients with
low expression of these markers (Figures 2 and 3).
Furthermore, patients with high expression of CD163
in peritumoral tissues showed significantly poorer OS
compared with patients with low expression of these
markers. Although positive staining for CD68 was
detected in peritumoral tissues, the number of CD68positive cells was not correlated with DFS (Figure 2) or
OS (data not shown).

tissues, which was significantly shorter compared with
the median DFS for patients with low expression of
M-CSF (43.3 mo). Furthermore, the median survival
times for the high CD163 density and the low density
group were 12.2 and 32.0 mo, respectively. The
median survival times for the high CD31 density
and the low density group were 13.6 and 37.3 mo,
respectively.

M-CSF density, CD163 index, and CD31 index in
peritumoral tissues are predictable factors for prognosis
in patients with HCC

The univariate analysis of the prognostic value for
various factors assessed in the present study is shown
in Table 2.
In clinicopathologic factors, the size of the tumor,
the clinical disease stage, serum ALT and AFP levels
are useful to assess recurrence of HCC after surgery.
In the present study, there were significant differences
in the univariate analysis of DFS between the UICCTNM Stages (Stage Ⅰ vs Stages Ⅱ and Ⅲ) (Table 2).
Furthermore, there were significant differences in the
univariate analysis of OS between the tumor number
(single vs multiple) and the fibrosis score (1-3 vs 4).
In multivariate analysis of the prognostic power, the

Prognostic factors

According to the ROC curve, the ideal cutoff value of
the densities of M-CSF, CD163, and CD31 were 36, 26,
and 20, respectively. The median DFS was 12.3 mo for
patients with high expression of M-CSF in peritumoral

WJG|www.wjgnet.com

8783

October 21, 2016|Volume 22|Issue 39|

Kono H et al . Role of M-CSF in hepatic carcinogenesis

A

B

M-CSF
100

CD163
100

< 36

P = 0.0299

60
40

P = 0.0052

60
40

20
0

≥ 26

80
Precent survival (%)

Precent survival (%)

< 26

≥ 36

80

20

0

12

24

36

C

0

48 60 72
84 96    108 120 132
Overall survival (mo)

0

12

24

36

48 60 72
84 96    108 120 132
Overall survival (mo)

CD31
100
< 20
≥ 20

Precent survival (%)

80

P = 0.7340

60
40
20
0

0

12

24

36

48 60 72
84 96    108 120 132
Overall survival (mo)

A

P = 0.0002
r = 0.4189

Index of CD163

60

40

20

0

0

20

40
  60
M-CSF density

80

B

50

Index of CD31 (peri-tumor)

Figure 3 Cumulative overall survival curves of patients with high or low macrophage colony-stimulating factor expression in peritumoral features. Overall
survival curves of patients with high or low expression of macrophage colony-stimulating factor (M-CSF) in peritumoral liver tissues are shown. A: M-CSF; B: CD163; C:
CD31. The intratumoral features were not associated with overall survival.

40
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Figure 4 Correlation between the expression of macrophage colony-stimulating factor and CD163, or CD31 in the non-tumoral liver tissues. Immuno
histochemical staining for macrophage colony-stimulating factor (M-CSF), CD163, and CD31 was performed in non-cancerous liver tissue collected from patients
as described in detail in the Patients and Methods section. A (between M-CSF and CD163) and B (between M-CSF and CD31) show correlations between markers
assessed in this study in each of the patients with HCC.

fibrosis score was a factor for predicting the length of
overall survival in patients with HCC (Table 2).
M-CSF density, CD163 index, and CD31 index
in peritumoral liver tissues appear to be risk factors
for DFS by univariate analysis (Table 2). When each
of these markers was included in the multivariate
analysis, M-CSF density and CD163 index were
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found to be the only significant predictors for DFS.
Alternatively, peritumoral M-CSF density, CD163 index,
and CD31 index appear to be risk factors for OS by
univariate analysis. Furthermore, when each of these
markers was included in the multivariate analysis,
the CD163 index was found to be the only significant
predictor for OS.
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Table 2 Univariate and Multivariate analyses of factors associated with recurrence and survival
Factors

Time to recurrence
Univariate

P value
Age: ≥ 60 yr vs < 60 yr
Gender: female vs male
Indx of a-SMA: ≥ 12 vs < 12
Indx of CD163: ≥ 26 vs < 26
M-CSF density: ≥ 36 vs < 36
Indx of CD31: ≥ 20 vs < 20
AFP: ≥ 100 vs < 100
AFP-L3%: ≥ 10 vs < 10
PIVKA-Ⅱ: ≥ 100 vs < 100
Tumor size: ≥ 2 cm vs < 2 cm
Tumor number: multiple vs single
Tumor differentiation:
well vs mod. vs poor
Fibrosis score: 1, 2, 3 vs 4
TNM stage: Ⅰ vs Ⅱ vs Ⅲa

0.240
0.760
0.751
< 0.001
< 0.001
0.002
0.232
0.827
0.841
0.185
0.447
0.379

Overall survival

Multivariate
Hazard ratio

4.517
4.826

Univariate

95%CI

1.879-10.857
2.045-11.389

0.755
0.020

P value

P value

NA
NA
NS
0.001
< 0.001
NS
NA
NA
NA
NA
NA
NA

0.523
0.111
0.423
< 0.001
0.037
0.020
0.785
0.900
0.325
0.847
0.038
0.745

NA
NS

Multivariate
Hazard ratio

1.086

95%CI

1.039-1.135

0.015
0.173

P value
NA
NA
NS
< 0.001
NS
NS
NA
NA
NA
NA
NS
NA
0.002
NA

Tables are shown univariate and multivariate analysis of prognostic markers associated with the disease-free and the overall survival.

Production of VEGF by isolated Kupffer cells and
monocytes from mice

and poor prognosis after curative resection (Figures
[11]
2 and 4), consistent with the previous report .
Thus, M-CSF is involved in hepatic carcinogenesis
and its progression. Based on these reports, this
study investigated whether M-CSF induces hepatic
carcinogenesis, most likely by enhancing angiogenesis
by M-CSF-induced hepatic macrophages.
In the present study, expression of M-CSF differed
in intratumoral tissues and peritumoral liver tissues,
suggesting that the expression level of M-CSF differs
in each individual. Importantly, the level of M-CSF
expression did not correlate with any pathophysiologic
factors. Therefore, the expression of M-CSF may be
[11]
associated with other genetic factors in each patient .
[27]
Indeed, Okamoto et al
reported that a specific
gene profile in non-tumoral tissue predicted MC
[28,29]
recurrence or IM of HCC. Alternatively, placental
[30]
and endothelial cells
excreted M-CSF under
hypoxic conditions. Based on this result, distribution
of M-CSF may be caused by hypoxia in hepatocytes
due to compression by the primary tumor. A tumor
itself also enhances acute and chronic inflammation,
causes cytokine production and attracts Mφs to
peritumoral liver tissues. The previous study indicated
that implanted or spontaneous tumors induced
vascular endothelial growth factor in peritumoral
tissue that was much greater than in the intratumoral
[31]
tissue . Furthermore, angiogenesis was greater in
peritumoral tissues than in the intratumoral tissues in
[26]
chemically-induced HCC in mice . Taken together, the
expression of M-CSF in peritumoral hepatocytes may
be associated with the genetic heterogeneity in each
individual or inflammatory factors in the liver.

The production of VEGF by isolated KCs increased in
a dose- and time-dependent manner after incubation
with M-CSF in media (Figure 5). Furthermore, the
production by isolated monocytes also increased in a
time dependent manner by stimulation with M-CSF
(Figure 5). Although the production of VEGF increased
in both isolated KCs and monocytes incubated with
M-CSF, production was significantly greater in the KC
compared with the monocytes (Figure 5).

Proliferation of isolated vascular endothelial cells
isolated

Cell proliferation of isolated VECs markedly increased
in cells treated with M-CSF compared with those that
were not treated with M-CSF in media (Figure 6).
Importantly, among the groups studied, the proliferation
was greatest in the M-CSF-treated VECs co-cultured
with the KCs.

DISCUSSION
M-CSF is involved in progression of hepatocellular
carcinoma after curative resection

It was previously reported that overexpression of
M-CSF is observed in tumor tissues in various human
[20-25]
cancers and is related with poor survival
. It was
also reported that M-CSF is predominantly detected
[8]
in peritumoral liver tissues . Furthermore, it was
reported from this laboratory that the incidence
of chemically-induced HCC was reduced in M-CSF
deficient mice (KO) compared with their littermates
(WT) by inhibiting the expression of M2 Mφ and
[26]
angiogenesis in peritumor liver tissues . In the
present study, the high expression of M-CSF in
peritumoral tissues was correlated with a high
incidence of HCC, including MC recurrence and IM,
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Role of the hepatic microenvironment in initiation and
progression of HCC

The high rate of IM and MC recurrence after complete
resection indicated that the non-tumoral hepatic
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Figure 5 Production of vascular endothelial growth factor by isolated Kupffer cells and peripheral blood monocytes. Production of vascular endothelial
growth factor (VEGF) by isolated Kupffer cells and peripheral blood monocytes was determined as described in the Methods. A: Kupffer cells were cultured with or
without macrophage colony-stimulating factor (M-CSF) in media for designated experimental periods (n = 6). aP < 0.05 vs with Kupffer cells without M-CSF stimulation;
and bP < 0.01 vs with Kupffer cells without M-CSF stimulation by ANOVA with Bonferroni’s post-hoc test; B: Kupffer cells were treated with different doses of M-CSF
in media, and cultured for 5 d (n = 6). aP < 0.05 vs with Kupffer cells without M-CSF stimulation; and bP < 0.01 vs with Kupffer cells with 10 ng/mL of M-CSF in media
by ANOVA with Bonferroni’s post-hoc test; C: Peripheral blood monocytes were isolated and were cultured for designated experimental periods. The concentration of
VEGF in media was then determined as described in the Methods (n = 6). aP < 0.05 vs with peripheral blood monocytes without M-CSF stimulation by ANOVA with
Bonferroni’s post-hoc test; D: Isolated Kupffer cells or PBMC were incubated with 100 ng/mL of M-CSF in media for 5 d. The concentration of VEGF was determined
as described in Materials and Methods (n = 6). aP < 0.05 vs with PBMC by ANOVA with Bonferroni’s post-hoc test.

microenvironment plays a key role in tumor initiation
and progression. Previous investigations of causes
of HCC were mainly focused on factors of tumor
initiation as “seeds.” On the other hand, few studies
that focus on hepatic microenvironmental factors as
[32,33]
“soil” were reported. Indeed, Ezaki et al
reported
that the hyper expression of thymidine phosphorylase
in the peritumoral liver tissues was correlated with
the higher incidence of postoperative recurrence of
[34]
HCC. Furthermore, Yu et al
reported that vascular
density was higher in peritumoral tissues compared
with that in intratumoral tissue, leading to increased
expression of VEGF and hypoxia inducible factor-1 in
peritumoral liver tissues. Moreover, it was reported
that immunological features in the peritumoral tissue
[35]
predicted venous metastases in HCC . In this
study, the high density of M-CSF in peritumoral liver
tissues was correlated with a high incidence of HCC
[11]
and prognosis, consistent with the previous report
(Figures 2 and 3). Taken together, it is concluded
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that the peritumoral microenvironment, as “the soil,”
is also important in understanding the mechanism
of incidence of HCC. Furthermore, previous studies
and this study suggest that postoperative adjuvant
therapies could target not only the subclinical
carcinoma cells, but also the microenvironment in the
liver.

Role of M-CSF induced macrophage in the progression
of HCC

The union of M-CSF expression, population of M2Mφs
and angiogenesis in peritumoral tissues had a better
predictable power for prognosis in HCC (Figures
2 and 3, and Table 2). The number of Mφs was
greater in peritumoral tissue than in intratumoral
tissue, consistent with results in previous reported
[35,36]
studies
. In the present study, expression of M-CSF,
M2Mφs and angiogenesis in the peritumoral liver tissue
was correlated with DFS after surgery (Figure 2). The
role of microenvironments in intratumoral tissues and
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Figure 6 Proliferation of isolated vascular endothelial cells. Isolated vascular endothelial cells (VECs) were co-cultured with or without the isolated Kupffer cells
in media containing of macrophage colony-stimulating factor (M-CSF). Cell proliferation of VECs was determined as described in the Patients and Methods (n = 5).
Treatments of each group are shown in the table. Representative photomicrographs are shown. Original magnification, × 400.

peritumoral tissues may be different in initiation and
progression of HCC. Expression of M-CSF, CD31 and
M2Mφs in intratumoral tissues may be involved in
[37-39]
promoting the dissemination of the cancer cells
.
M-CSF and M2Mφs in the peritumoral tissues are
involved in accelerating colonization and growth of
disseminated tumor cells, leading to micrometastasis,
since M-CSF and M2 Mφ in the tumor is eliminated by
operation. Therefore, as the defense to inhibit growth
of the tumor, the peritumoral liver tissue, which
[31]
supplies M-CSF to the tumor , plays a pivotal role by
providing a fruitful soil for micrometastasis of HCC as
“seeds”. The role of the Mφs in providing a fertile soil
[40]
as the metastasis niche has also been reported . In
this study, the number of M2Mφs in the peritumoral
tissues was correlated with the expression of M-CSF in
the peritumoral tissues and was linked with DFS and
OS (Figures 2 and 3). Thus, M-CSF-induced M2Mφs
may be involved in DFS. In addition to this result, the
number of M2Mφs and the expression of angiogenic
factors were also positively correlated. Importantly,
VEGF production by isolated hepatic Mφ was increased
by M-CSF stimulation (Figure 5) and proliferation of
isolated VEC was greatest in the cells incubated with
M-CSF-stimulated hepatic Mφ in the presence of M-CSF
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in media (Figure 6). Thus, M-CSF-induced M2Mφs
could be involved in progression of HCC by inducing
angiogenesis.

Clinical applications and conclusion

Undoubtedly, M-CSF and M2Mφ could be suitable
targets for adjuvant therapy after surgery, since
in the present study the expression of M-CSF and
the number of M2Mφs increased in the peritumoral
tissues, hepatic Mφs incubated with M-CSF in media
produced VEGF, and the proliferation was greatest
in the M-CSF-treated VECs co-cultured with the KCs
among the groups studied. Thus, this study indicates
that M-CSF expressed in the peritumoral liver tissue
could predict the recurrence of patients with HCC after
surgery and also indicates that the remnant liver may
play an important role in recurrence and metastasis.
Therefore, evaluation of M-CSF is a useful result that
can be easily assessed in specimens collected during
surgery.

COMMENTS
COMMENTS
Background

Expression of macrophage colony-stimulating factor (M-CSF) was associated

8787

October 21, 2016|Volume 22|Issue 39|

Kono H et al . Role of M-CSF in hepatic carcinogenesis
with hepatocellular carcinoma (HCC) progression, disease recurrence, and
poor survival after hepatectomy, highlighting the importance of the peritumoral
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Abstract
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AIM
To evaluate the cytological diagnostic capacity and
sample quality of the slow-pull technique and compare
them with different suction techniques.

Informed consent statement: All patients in this study
provided a signed informed consent statement.

METHODS
From July 2010 to December 2015, 102 patients with
pancreatic solid lesions who underwent endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA)
with 22-gauge needles were retrospectively evaluated.
EUS-FNA diagnosis was based on a cytological
examination, and final diagnosis was based on a
comprehensive standard of cytological diagnosis,
surgical pathology and clinical or imaging follow-up.
Cytological specimens were characterized for cellularity
and blood contamination. The cytological diagnostic
capacity and sample quality of the slow-pull technique
and suction techniques with 5-ml/10-ml/20-ml
syringes were analyzed.
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RESULTS
Of all of the EUS-FNA procedures, the slow-pull
technique and suction techniques with 5-ml/10ml/20-ml syringes were used in 31, 19, 34 and
18 procedures, respectively. There were significant
differences between these four suction techniques in
terms of cytological diagnostic accuracy (90.3% vs
63.2% vs 58.8% vs 55.6%, P = 0.019), sensitivity
(88.2% vs 41.7% vs 40.0% vs 36.4%, P = 0.009) and
blood contamination (score ≥ 2 for 29.0% vs 52.6%
vs 70.6% vs 72.2%, P = 0.003). The accuracy and
sensitivity of the slow-pull technique were significantly
higher than those of the suction techniques using
5-mL (P = 0.03, P = 0.014), 10-ml (P = 0.005; P =
0.006) and 20-ml syringes (P = 0.01, P = 0.01). Blood
contamination was significantly lower in the slow-pull
technique than in the suction techniques with 10-ml (P
= 0.001) and 20-ml syringes (P = 0.007).

analysis study concluded that the pooled sensibility
and specificity of pancreatic EUS-FNA were 86.8%
[4]
and 95.8%, respectively . Although the diagnostic
accuracy is generally high, the optimal method for
EUS-FNA has not been established. Various factors are
potential influencing factors, such as the experience
of the endosonographer, the size and location of
the target lesion, the size and type of needle, the
presence of a stylet, the application of suction, and the
[5-7]
availability of onsite cytopathology .
Application of suction during EUS-FNA has been
controversial because it may result in damage to
the cell structure and contamination of the blood
[8-10]
while increasing cell quantity
. Different levels of
negative pressure were applied to seek a balanced
point between specimen quantity and quality. Some
studies suggested that low or no suction reduced the
contamination from blood and improved specimen
[11-15]
quality
. Some suggested that high negative
pressure obtained more tissue specimens for
histological examination and improved diagnostic
[16,17]
accuracy
. However, there is no consensus on the
optimal suction technique. The slow-pull technique has
been recently introduced as a new sampling technique
[18,19]
in EUS-FNA of pancreatic solid lesions
. Different
from conventional suction techniques using a syringe,
the slow-pull technique provides minimum negative
pressure by removing the stylet from the needle
[20]
slowly and continuously . Several studies have found
that the slow-pull technique could obtain high-quality
specimens with unsubstantial blood contamination
when combined with a novel core biopsy needle
(EchoTip ProCore, Cook Medical, Bloomington, IN,
[21-23]
United States)
. These studies mainly focused on
the biopsy needles; however, regular needles, such as
22-gauge needles, and cytological examinations are
more frequently used in most institutions.
Therefore, to evaluate the diagnostic value of the
slow-pull technique and to explore the optimal suction
technique, we retrospectively analyzed the cytological
diagnostic capacity and specimen quality of the slowpull technique and different conventional suction
techniques during EUS-FNA of pancreatic solid lesions
using 22-gauge needles.

CONCLUSION
The slow-pull technique may increase the cytological
diagnostic accuracy and sensitivity with slight blood
contamination during EUS-FNA when using 22-gauge
needles for solid pancreatic masses.
Key words: Endoscopic ultrasound-guided fine-needle
aspiration; pancreatic solid lesion; slow-pull technique;
suction; negative pressure; cytology
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasound-guided fine-needle
aspiration (EUS-FNA) is an essential technique for
obtaining tissue diagnoses for pancreatic masses, and
application of suction is one of the potential influencing
factors of EUS-FNA. The slow-pull technique has
recently emerged as a new sampling technique in EUSFNA of pancreatic masses. We found that the slowpull technique using 22-gauge needles may increase
the cytological diagnostic accuracy and sensitivity and
result in only slight blood contamination in EUS-FNA of
pancreatic solid lesions.
Chen JY, Ding QY, Lv Y, Guo W, Zhi FC, Liu SD, Cheng TM.
Slow-pull and different conventional suction techniques in
endoscopic ultrasound-guided fine-needle aspiration of pancreatic
solid lesions using 22-gauge needles. World J Gastroenterol
2016; 22(39): 8790-8797 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i39/8790.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i39.8790

MATERIALS AND METHODS
Patients

We retrospectively analyzed all patients who
underwent EUS-FNA for solid pancreatic lesions at
our institution between July 2010 and December
2015. Inclusion criteria were as follows: primary
pancreatic solid lesions, usage of 22-gauge needles,
application of cytological examination, and a ≥ 6-mo
radiologic or clinical follow-up in patients diagnosed
with benign lesions. Exclusion criteria were as follows:
pancreatic cystic lesion or extra-pancreatic lesion,
usage of 19-gauge or other needles, combination use

INTRODUCTION
Endoscopic ultrasound-guided fine-needle aspiration
(EUS-FNA) was first reported in 1992 and currently
is applied as an essential technique to obtain tissue
[1-3]
diagnoses for pancreatic masses . A recent meta-
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of different suction techniques, and lack of follow-up
data. This study was conducted in accordance with the
Declaration of Helsinki.

clinical/imaging follow-up. Lesions were considered
benign if surgical pathology confirmed a benign
condition or if a lack of deterioration was noted on a ≥
6-mo follow-up. Lesions were considered malignant if
surgical pathological diagnosis or EUS-FNA diagnosis
(based on cytological examination with a compatible
clinical course) was positive for malignancy or if there
was clinical progression or an increase in the lesion
size (or both) during follow-up.

EUS-FNA procedure

All procedures were performed by one of two
experienced endosonographers. Patients were
conscious but sedated with intravenous propofol
or a combination of intravenous meperidine and
diazepam in the left lateral position. A curved linear
array echoendoscope (EG-530UR; Fujinon Medical
Systems, or GF-UE260; Olympus Medical Systems)
was used to assess the pancreatic lesion. Once an
optimal puncture route was determined, EUS-FNA
was then performed with a curvilinear echoendoscope
(EG-530UT; Fujinon Medical Systems, or GF-UCT260;
Olympus Medical Systems) and a 22-gauge needle
(Echotip Ultra; Wilson-Cook, Tokyo, Japan, or Expect;
Boston Scientific, Natick, MA, United States); the
stylet was inserted into the target lesion guided by
real-time EUS imaging. In the slow-pull technique,
the stylet was slowly withdrawn from the needle while
10-20 to-and-fro movements within the target lesion
were performed. In conventional suction techniques,
the stylet is completely removed before suction using
a 5-ml/10-ml/20-ml syringe that is applied while
10-20 to-and-fro movements are performed within the
target lesion.
After EUS-FNA, the aspirated material was com
pletely expelled onto glass slides by reinsertion of the
stylet and flushing with air. The aspirated materials
were smeared on glass slides and fixed in an absolute
alcohol solution for cytological examinations. Smeared
slides were prepared by endosonographers trained
in the appropriate slide preparation techniques. No
on-site cytopathology examination was performed
at our institution. EUS-FNA diagnosis was based on
cytological examination.

Statistical analysis

All statistical analyses were processed using SPSS
software (version 21.0; IBM SPSS Statistics for
Windows, Armonk, NY, United States). Categorical
variables are presented as frequencies, and continuous
variables are presented as medians and ranges.
We calculated descriptive statistics for sensitivity,
specificity, accuracy, positive predictive value (PPV),
and negative predictive value (NPV). We considered
the diagnoses of malignant, atypical and suspicious as
true positive, negative for malignant as true negative,
and inadequate as false negative. Statistical analysis
2
was undertaken using the χ test, Fisher’s exact test
and the Kruskal-Wallis H test in univariate analyses.
Logistic regression analysis was performed in a
multivariate analysis, using lesion size (≤ 30 mm vs
> 30 mm), endoscopist (endoscopist 2 vs endoscopist
1), lesion location (body or tail vs uncinate or head),
needle passes (≤ 3 vs > 3) and suction techniques
(slow-pull vs 5-ml vs 10-ml vs 20-ml) as potential
predictive factors. Statistical tests were considered
significant when the corresponding 2-sided P value
was less than 0.05.

RESULTS
Patient characteristics

From July 2010 to December 2015, 139 patients
underwent EUS-FNA for pancreatic lesions. A total of
37 patients were excluded: 9 patients with a pancreatic
cystic lesion, 9 patients on whom a 19-gauge needle
was used, 1 patient on whom a 25-gauge needle was
used, 16 patients on whom combinations of different
suction techniques were used, and 2 patients who were
not followed-up. Finally, 102 patients with pancreatic
solid lesions were included. The baseline characteristics
and final diagnoses are listed in Table 1. The final
diagnoses were malignant in 58 cases (56.9%) and
benign in 44 cases (43.1%). Final diagnoses were
confirmed from EUS-FNA specimens for 19 cases
and surgically resected specimens for 30 cases; the
remaining 53 cases were confirmed from the radiologic
or clinical follow-up. The mean follow-up was 12 months
(range: 1-24 mo). Of the 102 procedures, adverse
events occurred in 6 cases (5.88%). Four patients
developed mild pancreatitis, and 2 patients developed
fever, but all of these adverse events were successfully
treated with conservative therapy.

Cytological specimen analysis

All cytological reports were retrospectively reviewed.
Diagnosis of cytological examination was recorded in
reports and categorized into the following five groups:
benign or negative for malignant, atypical, suspicious
for malignant, malignant, and inadequate for
diagnosis. Cytological specimens were characterized
for cellularity and bloodiness, and the semiquantitative
scores were routinely recorded in the pathological
reports. Cellularity was graded into 4 levels: 0, none;
1, few aggregates; 2, fair cellularity; 3, abundant
cellularity. All types of cells, including tumor cells, were
calculated in the cellularity scores. The contamination
from blood was also graded in 4 levels: 0, none; 1,
little; 2, moderate; 3, abundant.

Final diagnosis

The composite standard for each lesion was based
on the EUS-FNA diagnosis, surgical pathology and a

WJG|www.wjgnet.com

8792

October 21, 2016|Volume 22|Issue 39|

Chen JY et al . EUS-FNA using slow-pull technique
Table 2 Baseline characteristics of the different suction
techniques

Table 1 Patient characteristics and final diagnosis of
endoscopic ultrasound-guided fine-needle aspiration (n =
102)
Characteristic
Median age (range), yr
Sex, male:female, n
Median tumor size (range), mm
Endoscopist, endoscopist 1:endoscopist 2, n
Location, uncinate or head:body or tail, n
Median number of passes, n
Final diagnosis, n
Malignant
Pancreatic cancer
Neuroendocrine tumor, malignant
Solid-pseudopapillary neoplasm, malignant
Benign
Chronic pancreatitis
Autoimmune pancreatitis
Nonspecific inflammation
Cystadenoma, benign
Neuroendocrine tumor, benign
Benign lymphangioma

5-mL

10-mL

20-mL

(n = 31)

(n = 19)

(n = 34)

(n = 18)

Median age
56 (20-82)
(range), yr
Sex, male:
17:14
female, n
Median lesion 25 (8-72)
size (range),
mm
Endoscopist,
13:18
endoscopist 1:
endoscopist 2,
n
Location,
19:12
uncinate or
head:body or
tail, n
Median
3 (1-4)
number of
passes, n

54 (38-71)

51 (19-77)

49 (26-73)

0.949

11:8

25:9

14:4

0.238

38 (10-65)

36 (17-89)

35 (16-62)

0.0312

11:8

11:23

10:8

0.223

11:8

16:18

13:5

0.348

3 (2-5)

3 (1-5)

3 (2-5)

0.280

Value
53 (19-82)
67:35
34 (8-89)
45:57
59:43
3 (1-5)
58
53
2
3
44
23
7
10
2
1
1

P value1

Slow-pull

1 2

χ test for categorical variables and Kruskal-Wallis H test for continuous
variables; 2Statistically significant.

Cytological diagnostic capacity and sample quality

Cytological examinations were performed in all
procedures. Of these cases, 61 were diagnosed as
benign lesions, 19 as malignant lesions, 10 as atypical
lesions, and 7 as suspicious lesions. The remaining
5 cases were inadequate for diagnosis: 3 of which
were eventually confirmed as malignant masses from
surgically resected specimens, and 2 were confirmed
as benign masses from clinical follow-up. Of all of
the EUS-FNA procedures, the slow-pull technique
and suction techniques with 5-ml/10-ml/20-ml
syringes were used in 31, 19, 34 and 18 procedures,
respectively. There were no significant differences
between these four suction techniques in terms
of patient age, sex, endoscopists, lesion location,
and number of passes; only tumor size showed a
significant difference (P = 0.031) (Table 2).
We compared the cytological diagnostic capacities
of the four suction techniques. The cytological
diagnostic capacities and cytological specimen qualities
of the different suction methods are shown in Table
3. The cytological diagnostic accuracy (90.3% vs
63.2% vs 58.8% vs 55.6%, P = 0.019), sensitivity
(88.2% vs 41.7% vs 40.0% vs 36.4%, P = 0.009)
and blood contamination (score ≥ 2 for 29.0% vs
52.6% vs 70.6% vs 72.2%, P = 0.003) of the four
suction methods were statistically significantly different
(Figure 1). Thus, cytological diagnostic accuracy,
sensitivity and blood contamination between the slowpull technique and the conventional suction techniques
were further compared (Table 4). The cytological
diagnostic accuracy and sensitivity of the slow-pull
technique were significantly higher than suction
techniques with 5-ml (P = 0.03, P = 0.014), 10-ml
(P = 0.005, P = 0.006) and 20-mL syringes (P =
0.01, P = 0.01), and the blood contamination with the
slow-pull technique was lower than that in the suction

WJG|www.wjgnet.com

technique with the 10-ml (P = 0.001) and 20-ml
syringes (P = 0.007).

Univariate and multivariate analyses

Both univariate and multivariate analyses were per
formed to define factors associated with the cytological
diagnostic accuracy of EUS-FNA (Table 5). Suction
techniques were significant factors in both the univariate
(P = 0.019) and multivariate analyses [P = 0.005, odds
ratio (OR) (95%CI) = 1.91 (1.21-3.00)].

DISCUSSION
There is still some dispute regarding the role of
suction during EUS-FNA. Generally, the suction
technique with a 10-mL syringe is used to increase
the specimen cellularity. However, this procedure
may also increase the risk of blood contamination
and structural damage. The value of suction in EUSFNA was first evaluated for lymph node sampling.
[11]
In an experimental study, Bhutani et al
found
that continuous suction with smaller syringes
(5-10 ml) provided optimal cellularity and better
specimen quality in EUS-FNA of mediastinal lymph
[12]
nodes. Subsequently, Wallace et al
performed
a randomized controlled trial comparing sampling
techniques with or without suction in EUS-FNA of
lymph nodes and concluded that the technique with
suction increased the cellularity but worsened the
specimen bloodiness. Different from lymph nodes,
pancreatic lesions are rich in fibrous tissue, with fewer
parenchymal cells, which increases the complexity
and difficulty involved in obtaining a precise diagnosis
[24-26]
for pancreatic lesions
. Therefore, the European
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Figure 1 Cytological assessments of the samples obtained by endoscopic ultrasound-guided fine-needle aspiration using four suction techniques (HE,
orig. mag. × 40). A: The suction technique with a 20-mL syringe received a score of 2 for cellularity and a score of 3 for blood contamination; B: The suction technique
with a 10-mL syringe received a score of 2 for cellularity and a score of 3 for blood contamination; C: The suction technique with a 5-mL syringe received a score of 3
for cellularity and a score of 2 for blood contamination; D: The slow-pull technique received a score of 3 for cellularity and a score of 1 for blood contamination.

Table 3 Cytological diagnostic capacity and specimen quality of the different suction techniques
Slow-pull (n = 31)

5-mL (n = 19)

10-mL (n = 34)

20-mL (n = 18)

P value1

28/31 (90.3%)
15/17 (88.2%)
13/14 (92.9%)
15/16 (93.8%)
13/15 (86.7%)

12/19 (63.2%)
5/12 (41.7%)
7/7 (100%)
5/5 (100%)
7/14 (50.0%)

20/34 (58.8%)
8/20 (40.0%)
12/14 (85.7%)
8/10 (80.0%)
12/24 (50.0%)

10/18 (55.6%)
4/11 (36.4%)
6/7 (85.7%)
4/5 (80.0%)
6/13 (46.2%)

0.0192
0.0092
0.914
0.542
0.079

22/31 (71.0%)
9/31 (29.0%)

11/19 (57.9%)
10/19 (52.6%)

20/34 (58.8%)
24/34 (70.6%)

13/18 (72.2%)
13/18 (72.2%)

0.598
0.0032

Cytological diagnostic capacity
Accuracy
Sensitivity
Specificity
PPV
NPV
Cytological specimen quality
Cellularity score ≥ 2
Blood contamination score ≥ 2
1

Fisher’s exact test for “specificity” and “PPV”; χ 2 test for the rest; 2Statistically significant. PPV: Positive predictive value; NPV: Negative predictive value.
[27]

of lymph nodes . However, in a recent randomized
[28]
controlled trial, Lee et al
found that using suction
during EUS-FNA worsened specimen bloodiness, while
the diagnostic yield and cellularity were improved.
In recent years, the slow-pull technique has been
applied to EUS-FNA of pancreatic solid lesions, but its
efficacy has not yet been clarified. In a retrospective
[18]
study, Nakai et al
reported that the slow-pull
technique was associated with less contamination
from blood and potentially increased the diagnostic
yield in comparison to the suction technique. Both
22- and 25-gauge needles were used in this study,
and different needles may impact the diagnostic
[19]
yield. Therefore, Kin et al
performed a prospective
study to evaluate the value of the slow-pull technique

Table 4 Comparisons between the slow-pull technique
and conventional suction techniques in terms of cytological
diagnostic accuracy, sensitivity and blood contamination
5-mL

10-mL

20-mL

vs slow-pull, P value1
Accuracy
Sensitivity
Blood contamination score ≥ 2

0.032
0.0142
0.135

0.0052
0.0062
0.0012

0.0102
0.0102
0.0072

1

Fisher’s exact test; 2Statistically significant.

Society of Gastrointestinal Endoscopy technical
guideline recommended using suction for EUS-FNA
of solid masses/cystic lesions but not for EUS-FNA
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Table 5 Univariate and multivariate analyses of factors affecting cytological diagnostic accuracy
Variable

Accuracy

Lesion size

≤ 30 mm

Endoscopist
Location
Needle passes
Suction techniques

> 30 mm
Endoscopist 2
Endoscopist 1
Body or tail
Uncinate or head
≤3
>3
Slow-pull
5-mL
10-mL
20-mL

Univariate

Multivariate

P value1

P value2

OR (95%CI)

0.282

0.603

1.29 (0.50-3.36)

0.419

0.367

1.52 (0.61-3.74)

0.832

0.687

1.21 (0.48-3.04)

0.753

0.233

1.81 (0.68-4.79)

0.0193

0.0053

1.91 (1.21-3.00)

74.4% (32/43)
64.4% (38/59)
71.9% (41/57)
64.4% (29/45)
69.8% (30/43)
67.8% (40/59)
69.7% (46/66)
66.7% (24/36)
90.3% (28/31)
63.2% (12/19)
58.8% (20/34)
55.6% (10/18)

χ test; 2Logistic regression analysis; 3Statistically significant.

1 2

with 22-gauge needles in EUS-FNA and found that
this technique could obtain adequate, high-quality,
and unsubstantially blood-contaminated samples.
However, the sample size in this study was so limited
that it could not compare the diagnostic efficacy
or sample quality between the slow-pull technique
and traditional suction techniques. To provide more
evidence for endosonographers when choosing a
suction technique, our study not only analyzed the
cytological diagnostic capacity and sample quality of
the slow-pull technique with 22-gauge needles but
also continued the comparison with different traditional
suction techniques.
When comparing the cytological diagnostic
capacities and specimen qualities of the four different
suction techniques, we found that the degree of
negative pressure, the level of blood contamination
and the diagnostic accuracy were closely related.
With the rise of negative pressure, the cytological
diagnostic accuracy tended to decrease, and the
blood contamination increased, possibly because the
needle is filled with blood tissue while using a higher
degree of negative pressure, which increases the
puncture difficulty and adds blood contamination. In a
randomized controlled trial with 90 pancreatic lesions,
[17]
Kudo et al showed that EUS-FNA with high negative
pressure obtained more contamination from blood
than low negative pressure. Therefore, application of
a lower degree of negative pressure during EUS-FNA
may help decrease the blood contamination.
The slow-pull technique is a new suction technique
with a very weak suction force. An experimental
study showed that the suction force produced by the
slow-pull technique with a 22-gauge needle was less
than 2.0 kPa, which is significantly lower than those
of the suction techniques with 10-mL and 20-ml
[29]
syringes . Such a slight suction force can help obtain
enough specimens with minimal blood contamination.
Our research showed that the cytological diagnostic
accuracy and sensitivity of the slow-pull technique
were 90.3% and 88.2%, respectively, which were
significantly higher than the conventional suction
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techniques with 5-ml/10-ml/20-ml syringes. When
evaluating the quality of cytological specimens, we
found that blood contamination scores of 2 or 3 when
using the slow-pull technique were noted 29.0% of
the time, which was significantly lower than the blood
contamination scores noted when using conventional
suction techniques with 10-mL and 20-mL syringes.
Therefore, the slow-pull technique has a unique
advantage in improving the cytological diagnostic
capacity and specimen quality of EUS-FNA for
pancreatic masses.
There were some limitations in the present study.
First, biases are inevitable in a retrospective analysis,
and the lesion sizes were different in these four suction
techniques. The lesion size associated with the slowpull technique was smaller, which might affect the
diagnostic accuracy. However, there was no significant
difference in the cytological diagnostic accuracy
between different lesion sizes. Moreover, suction
techniques were still statistically significant factors in
multivariate analysis after adjusting for tumor size.
Second, on-site cytological evaluation was not available
[30,31]
in our study, although it is beneficial for EUS-FNA
.
On-site cytopathological evaluation could reduce the
need for repeat punctures and could improve the
specimen quality rate, but it could also prolong the
procedure time and increase the working time of the
pathologists. Therefore, many institutions, like ours,
[32-34]
have not adopted on-site cytological evaluation
.
In conclusion, our retrospective study showed that
the slow-pull technique might increase the cytological
diagnostic accuracy and sensitivity with slight blood
contamination during EUS-FNA for solid pancreatic
masses using 22-gauge needles. Additional studies
should be performed with a prospective randomized
design to better understand the efficacy of the slowpull technique.
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AIM
To determine whether cyclooxygenase-2 (COX-2) and
prostaglandin E1 receptor (EP1) contribute to disease
and whether they help predict prognosis.
METHODS
We retrospectively reviewed the records of 116 patients
with hepatocellular carcinoma (HCC) who underwent
surgery between 2008 and 2011 at our hospital.
Expression of COX-2 and EP1 receptor was examined
by immunohistochemistry of formalin-fixed, paraffinembedded tissues using polyclonal antibodies. Possible
associations between immunohistochemical scores and
survival were determined.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
aggressive tumors and the third most frequent cause
[1,2]
of cancer-related death in the world . Although
early diagnosis and treatment of HCC have improved
substantially, prognosis remains unsatisfactory. HCC
often involves highly malignant tumors that respond
poorly or not at all to adjuvant systemic and local
therapies. This highlights the need for new approaches
to prevent and treat the disease.
Two molecules that may be involved in HCC at
different stages, and that therefore may be useful
for understanding the pathogenesis and progression
of the disease, are cyclooxygenase-2 (COX-2) and
prostaglandin E1 receptor (EP1 receptor). These
molecules have already been shown to play important
[3-9]
roles in the onset of various cancers, including HCC .
COX-2 inhibits apoptosis and increases proliferation
[10-12]
in various type of tumors
. It also triggers the
production of vascular endothelial growth factor and
activates metalloproteinases, substantially altering
[13-15]
the tumor microenvironment of various cancers
.
The precise role of COX-2 in HCC remains unclear. Its
expression decreases with extent of de-differentiation,
and it does not appear to be associated with
[16-19]
prognosis
. It may be involved in HCC initiation,
although direct evidence of this is lacking.
COX-2 catalyzes the conversion of arachidonic acid
to prostaglandin E2, which promotes the progression
of various types of tumors by binding to the G-proteincoupled EP1 receptor. This led us to wonder whether
EP1 receptor expression might correlate with HCC
progression and might even serve as a prognostic
indicator of survival. In fact, in a mouse model of
chemically induced colon cancer, administration
of selective EP1 receptor antagonists or knockout
of the EP1 receptor gene led to nearly 60% fewer
precancerous lesions and a lower overall colon cancer
[20,21]
incidence
. EP1 receptor antagonists have also been
reported to block the progression of other types of
[22,23]
[18,24]
tumor
, including HCC
.
To begin to clarify the potential roles of COX-2
and EP1 receptor in HCC, and to determine the
potential prognostic value of EP1 receptor expression,
we examined relative expression levels in tissues
taken from HCC patients treated at our hospital, and
correlated these levels with survival.

RESULTS
Factors associated with poor overall survival (OS) were
alpha-fetoprotein > 400 ng/mL, tumor size ≥ 5 cm,
and high EP1 receptor expression, but not high COX-2
expression. Disease-free survival was not significantly
different between patients with low or high levels of COX-2
or EP1. COX-2 immunoreactivity was significantly higher in
well-differentiated HCC tissues (Edmondson grade Ⅰ-Ⅱ)
than in poorly differentiated tissues (Edmondson grade
Ⅲ-Ⅳ) (p = 0.003). EP1 receptor immunoreactivity was
significantly higher in poorly differentiated tissue than in
well-differentiated tissue (p = 0.001).
CONCLUSION
COX-2 expression appears to be linked to early HCC
events (initiation), while EP1 receptor expression may
participate in tumor progression and predict survival.
Key words: Cyclooxygenase-2; Hepatocellular carcinoma;
Liver resection; Prognosis; prostaglandin E1 receptor
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We retrospectively reviewed the records
of 116 patients with hepatocellular carcinoma (HCC)
who underwent surgery between 2008 and 2011
at our hospital. Our results suggest that the factors
associated with poor overall survival were alphafetoprotein > 400 ng/mL, tumor size ≥ 5 cm, and high
prostaglandin E1 (EP1) receptor expression, but not
high cyclooxygenase-2 (COX-2) expression. Diseasefree survival did not differ significantly between
patients with low or high levels of COX-2 or EP1. COX-2
immunoreactivity was significantly higher in welldifferentiated HCC tissues (Edmondson grade Ⅰ-Ⅱ)
than in poorly differentiated tissues (Edmondson grade
Ⅲ-Ⅳ) (p = 0.003). EP1 receptor immunoreactivity was
significantly higher in poorly differentiated tissue than in
well-differentiated tissue (p = 0.001).

MATERIALS AND METHODS

Yang HJ, Jiang JH, Yang YT, Yang XD, Guo Z, Qi YP, Zeng
FH, Zhang KL, Chen NZ, Xiang BD, Li LQ. Cyclooxygenase-2
expression is associated with initiation of hepatocellular carcinoma,
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and patients provided informed consent for their data
and tissue to be used for research purposes when they
were admitted for treatment at our hospital.

centages of cells positive for COX-2 or EP1 receptor
as well as relative staining intensity were determined.
Percentages of positive cells were categorized as
follows: 0 (no positive tumor cells), 1 (1%-25%
positive), 2 (26%-50% positive), 3 (51%-75%
positive), and 4 (76%-100% positive). Staining
intensity was categorized as follows: 0 (no staining),
1 (weak, light yellow), 2 (moderate, yellow-brown),
[27]
and 3 (strong, brown) . The scores for positive cell
percentages and for staining intensity were multiplied
together to yield a single immunohistochemical
staining index from 0 to 12. Sections with an index
of 0-5 were defined as showing low expression, while
those with an index of 6-12 were defined as showing
high expression.

Patients

This study was a retrospective analysis of HCC patients
treated by curative hepatectomy at the Tumor Hospital
of Guangxi Medical University between May 2008 and
May 2011. To be included in our study, patients needed
to have pathology-confirmed HCC and no history of
antitumor therapies before hepatic resection. They also
needed to satisfy the following curative hepatectomy
criteria: (1) the tumor removed by hepatectomy was
solitary; (2) the surgery margin was greater than 1
[25]
cm; (3) there was no residual tumor , portal tumor
[26]
thromboses
or extrahepatic metastases based on
post-surgical imaging; and (4) patients with high levels
of alpha-fetoprotein (AFP) before surgery had normal
levels within two months after surgery. Patients were
excluded from the study if they had multiple tumors,
extrahepatic metastases or macroscopic intrahepatic
metastases adjacent to the primary tumor.

Statistical analysis

All statistical analyses were performed using SPSS
19.0 (IBM, United States). Inter-group differences in
categorical variables were assessed for significance
2
using the χ test; differences in continuous variables
were assessed using the Mann-Whitney U test or
t-test. OS and DFS were analyzed using the KaplanMeier method, and differences between curves were
assessed for significance using the log-rank test.
Multivariate Cox proportional hazards modeling was
used to identify independent prognostic factors. The
threshold for significance was defined as p < 0.05.

Follow-up

All HCC patients were followed up 1 mo after re
section, then at 3-mo intervals in the first year, and
then at 3-6 mo intervals thereafter until 60 mo after
resection or death. During each follow-up visit, routine
investigations including AFP level, liver function, chest
X-ray, ultrasound, CT or MRI were conducted.

RESULTS
Patient characteristics

Immunohistochemistry of COX-2 and EP1 receptor

During the study, 748 patients with HCC were sche
duled for hepatectomy in my center. Of these, 221
(29.5%) were excluded as they had received initial
HCC treatment in other hospitals. Of the remaining
527 patients, 161 (30.5%) had solitary nodular tumors
without portal tumor thromboses or extrahepatic
metastases. We excluded 33 (20.4%) because they
underwent only transarterial chemoembolization, local
ablation therapy, or ethanol injection, and we excluded
12 (7.4%) as they lacked complete follow-up data. In
total, 116 (72%) patients were included in the final
analysis (93 men, 23 women) with a median age of
67 (range, 39-83) (Table 1). Immunohistochemistry
showed low COX-2 expression in 62 patients (53.4%)
and low EP1 receptor expression in 73 (62.9%).

Tumor specimens were fixed in 10% formalin,
embedded in paraffin, cut into 3-μm sections, deparaffinized with xylene and rehydrated by decreasing
concentrations of ethanol. Antigen retrieval was
performed for 10 min at 95 ℃ in citrate buffer (pH 6.0)
in a microwave oven. Sections were immersed in 3%
hydrogen peroxide for 15 min to block endogenous
peroxidases, then incubated at 37 ℃ for 1 h with rabbit
anti-human COX-2 polyclonal antibody (1:400; Abcam,
United Kingdom) or rabbit anti-human EP1 receptor
polyclonal antibody (1:200; Abcam). The sections were
rinsed in phosphate-buffered saline (PBS), incubated
with biotinylated anti-rabbit immunoglobulin for 20 min
at room temperature, and then rinsed again with PBS.
The sections were incubated with anti-horseradish
peroxidase conjugate for 10 min, rinsed with PBS, and
incubated with diaminobenzidine for 10 min. Finally,
the sections were counterstained with hematoxylin. As
a negative control, tissues were treated as described
above, except they were incubated with PBS instead of
primary antibodies.
Immunohistochemical staining results were
independently evaluated by three authors (Hao-jie
Yang, Zhe Guo and Yu-ting Yang) and an experienced
hepatopathologist (Chun-jun Li) from the Department
of Pathology of Guangxi Tumor Hospital. The per
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EP1 receptor expression is a prognostic predictor of OS

OS was significantly lower among patients with high
expression of EP1 receptor than among those with low
expression (Figure 1). OS did not differ significantly
between patients with low or high COX-2 expression.
DFS did not differ significantly between patients with
low or high expression of COX-2 or EP1 receptor.
The Cox hazards model showed 3 independent
predictors of poor OS: tumor size ≥ 5 cm, high expression
of EP1 receptor and AFP ≥ 400 ng/mL (Table 2).
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Table 1 Clinicopathological characteristics of 116 hepatocellular carcinoma patients treated by curative resection, stratified by
COX-2 and EP1 receptor expression
Variable

P value

COX-2

Gender, M/F
Age (yr)
HbsAg
Negative
Positive
Liver cirrhosis
No
Yes
AFP (ng/mL)
< 400
≥ 400
Edmondson grade
Ⅰ-Ⅱ
Ⅲ–Ⅳ
Child-Pugh class
A
B
Tumor capsule
Complete
Incomplete
Tumor size (cm)
Albumin (g/L)
Platelet count (109/L)
AST (U/L)
ALT (U/L)
Total bilirubin (μmol/L)

Low expression
(n = 62)

High expression
(n = 54)

48/14
46.9 ± 10.8

45/9
47.9 ± 11.5

10
52

P value

EP1 receptor
Low expression
(n = 73)

High expression
(n = 43)

0.426
0.308

60/13
46.6 ± 11.1

33/10
47.3 ± 11.2

0.477
0.486

10
44

0.734

11
62

9
34

0.420

10
52

10
44

0.734

14
59

6
37

0.472

41
21

44
10

0.062

56
17

29
14

0.276

26
36

37
17

0.004

46
27

17
26

0.014

43
11

48
14

0.773

60
13

31
12

0.201

37
25
5.7 (3-7)
41.1 ± 4.4
167.9 (107.3-205.3
56.6 (28.3-61)
54.8 (28-56)
14.08 (8.9-18.4)

34
20
6.6 (4-8.6)
40.4 ± 4.6
186.6 (136.3-230)
55.6 (27-60)
62.7 (24.8-57.9)
14.3 (9.4-15.3)

0.717

44
29
5 (3.5-7)
41.5 ± 4.3
178.9 (107.3-205.3
38 (27-60)
37(27-56)
11.9(9.35-16.6)

27
16
6 (3.7-8.5)
40.2 ± 4.5
186.6 (136.3-230)
44 (30.5-61.5)
38(27-55)
13.4(9-17.7)

0.788

0.134
0.434
0.136
0.924
0.539
0.912

0.207
0.134
0.833
0.737
0.917
0.580

AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HBsAg: Hepatitis B surface antigen.

1.0

Table 2 Multivariable analysis to identify predictors of overall
survival in 116 hepatocellular carcinoma patients

AFP ≥ 400 ng/mL
Incomplete tumor
capsule
Tumor size ≥ 5 cm
Edmondson grade III–IV
EP1 receptor expression

Hazard ratio

95%CI

P value

1.691
0.979

1.094-2.614
0.659-1.454

0.018
0.915

1.582
1.149
2.318

1.027-2.438
0.663-1.992
1.190-4.516

Overall survival

Factors

0.8

0.038
0.621
0.014

Low expression
High expression

0.4
0.2
0.0

AFP: Alpha-fetoprotein.

COX-2 and EP1 receptor expression correlates with
tumor differentiation

P = 0.038
0

15

30
Follow-up (mo)

45

60

Figure 1 Overall survival of hepatocellular carcinoma patients stratified
by low or high expression of EP1 receptor.

COX-2 immunoreactivity was significantly higher in
well-differentiated HCC tissues (Edmondson gradeⅠ-Ⅱ)
than in poorly differentiated tissues (Edmondson grade
Ⅲ-Ⅳ) (p = 0.003). EP1 receptor immunoreactivity was
significantly higher in poorly differentiated tissue than in
well-differentiated tissue (Figure 2; p = 0.001). Figure
3 shows representative examples of different staining
results in tissues of different histology grade.

rate of intrahepatic recurrence. Most patients with
HCC are ineligible for resection because their disease
has already reached an advanced stage by the time it
is diagnosed. These patients are treated with local or
systemic adjuvant modalities that provide only shortterm regression, stabilization, or symptomatic control.
Therefore, new therapeutic strategies are needed to
improve long-term survival.
Our results indicate that the EP1 receptor is involved
in HCC progression, suggesting that it may be a rea
sonable therapeutic target. High expression of the EP1
receptor was associated with poor prognosis in our

DISCUSSION
HCC is one of the most aggressive tumors and has a
poor prognosis. Some patients can undergo curative
resection, but this treatment is associated with a high
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P = 0.001

10

10

8

8
Mean staining index

Mean staining index

P = 0.003

6
4
2
0

WD-HCC
(n = 63)

PD-HCC
(n = 53)

6
4
2
0

WD-HCC
(n = 63)

PD-HCC
(n = 53)
EP1 receptor

COX-2

Figure 2 Cyclooxygenase-2 and prostaglandin E1 receptor immunoreactivity scores in hepatocellular carcinoma tissues at different histological grades.
Cyclooxygenase-2 (COX-2) expression was higher in well-differentiated tissue (Edmondson grade Ⅰ-Ⅱ), while EP1 receptor expression was higher in poorlydifferentiated tissue (Edmondson grade Ⅲ-Ⅳ). WD: Well-differentiated; PD: Poorly differentiated; HCC: Hepatocellular carcinoma.
COX-2
Ⅰ

Ⅱ

Ⅲ

Ⅳ

EP1 receptor
Ⅰ

Ⅱ

Ⅲ

Ⅳ

Figure 3 Representative micrographs showing different intensities of immunohistochemical stain against cyclooxygenase-2 and prostaglandin E1
receptor in tissues with different histological grades (Edmondson grade Ⅰ-Ⅳ). Magnification, × 100. Cyclooxygenase-2 (COX-2) expression level decreased
with lower grade of differentiation, while EP1 receptor expression increased with lower grade of differentiation.

WJG|www.wjgnet.com

8802

October 21, 2016|Volume 22|Issue 39|

Yang HJ et al . Prostaglandin receptor-1 expression predicts survival
remains unsatisfactory. HCC often involves highly malignant tumors that
respond poorly or not at all to adjuvant systemic and local therapies. This
highlights the need for new approaches to prevent and treat the disease.

patients, and expression was significantly higher in
poorly differentiated tissue than in well-differentiated
tissue. The observed correlation between higher
expression and poorer differentiation is consistent
[18]
with a previous study . These results suggest
that targeting the EP1 receptor may provide a more
selective approach to treating HCC than using COX
inhibitors to block prostaglandin E2 synthesis, which
[28]
increases the risk of cardiovascular events .
Although studies have associated COX-2 expression
with differentiation, invasion and metastasis in
[3,18,24]
HCC
, it has not been linked with survival. In the
present study, we failed to find an association between
COX-2 expression and survival when patients were
dichotomized into groups with low or high expression.
While it is possible that a more quantitative approach
may identify associations between COX-2 levels and
survival, we believe it is more likely that expression of
COX-2 may be important only during initiation of HCC,
whereas the EP1 receptor, which is the downstream
target of prostaglandin E2 generated by COX-2, may
be involved in disease progression. This may explain
why we observed a different relationship between
the expression of COX-2 and EP1 receptor: patients
with high expression of one showed low expression
of the other. This may also explain why we found that
expression of the EP1 receptor, but not the COX-2
receptor, predicted OS in our cohort.
Several factors may help to explain why high
expression of the EP1 receptor predicts poor survival.
The receptor enhances tumor cell proliferation,
[4,6,29,30]
invasion and migration
, as well as adaptation
[6,31]
to hypoxic conditions
. The receptor has also been
reported to inhibit immune function and promote
[32]
tumor progression . The EP1 receptor can even
induce prostaglandin E2 production by binding to the
[32-34]
receptor of Fas ligand
.
This study has some limitations. Firstly, the
authors used only an HE method, therefore more
accurate and quantitative methods, such as Western
blot, polymerase chain reaction etc., should be
applied in future studies. Secondly, it is known that
other cytokines, except COX-2 and EP1, have been
reported to be strongly associated with HCC. These
cytokines may be involved in different aspects of the
pathogenesis of HCC and should be explored as a
network pattern in future studies.
In conclusion, our results suggest that COX-2
expression correlates with an early event during the
initiation of HCC, while EP1 receptor expression plays
an important role in tumor progression and predicts
OS.

Research frontiers

Two molecules that may be involved in HCC at different stages, and that
therefore may be useful for understanding the pathogenesis and progression of
the disease, are cyclooxygenase-2 (COX-2) and prostaglandin E1 receptor (EP1
receptor). These molecules have already been shown to play important roles in
the onset of various cancers, including HCC.

Innovations and breakthroughs

The authors retrospectively reviewed the records of 116 patients with HCC
who underwent surgery between 2008 and 2011 at their hospital, and found
that COX-2 expression appears to be linked to early HCC events (initiation),
while EP1 receptor expression may participate in tumor progression and predict
survival.

Applications

These results suggest that targeting the EP1 receptor may provide a more
selective approach to treating HCC than using COX inhibitors to block
prostaglandin E2 synthesis, which increases the risk of cardiovascular events.

Terminology

Percentages of positive cells were categorized as follows: 0 (no positive tumor
cells), 1 (1%-25% positive), 2 (26%-50% positive), 3 (51%-75% positive), and
4 (76%-100% positive). Staining intensity was categorized as follows: 0 (no
staining), 1 (weak, light yellow), 2 (moderate, yellow-brown), and 3 (strong,
brown). The scores for positive cell percentages and for staining intensity were
multiplied together to yield a single immunohistochemical staining index from 0
to 12. Sections with an index of 0-5 were defined as showing low expression,
while those with an index of 6-12 were defined as showing high expression.

Peer-review

The paper is a good study on COX-2 and EP1 receptor immunoreactivity in
patients with HCC. The investigators shown that COX-2 immunoreactivity was
higher in well-differentiated HCC tissues and EP1 receptor immunoreactivity
was significantly higher in poorly differentiated tissue than in well-differentiated
tissue.
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Abstract
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AIM
To investigate correlations between diet and prevalence
of constipation among elderly people in Beijing.

Informed consent statement: All questionnaires were
anonymous and verbal consent was obtained from all participants.

METHODS
A total of 2776 ( ≥ 60 years) were selected in
Beijing region for investigation. Data regarding
constipation and diet habits was collected via hierar
chical status, segmentation and random cluster
sampling. Investigation included constipation-related
demographic indicators and diet habits. Door-to-door
questionnaires and surveys included daily staple food
intakes, frequency of fish, egg, fruits and vegetables
consumption. Constipation was defined according to the
China Chronic Constipation Diagnosis and Treatment
Guideline (2013), with the following constipation
judgment indicators: decreased defecation frequency,
dry and hard stool, and difficulty in defecation.
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RESULTS
The prevalence of constipation among elderly people
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constipation and staple food, fish and dietary fibres
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China. The project consists of two related programs: (1)
the study on comprehensive geriatric health evaluation
index system; and (2) Multidimensional longitudinal
study of aging among the elderly in Beijing.

(fruits and vegetables) intakes. These differences were
all statistically significant.
CONCLUSION
The prevalence of elderly constipation in Beijing region
is closely related to diet habits, and is significantly
decreased by high staple foods intake, fish eating and
high dietary fibres (fruits and vegetables) consumption.

MATERIALS AND METHODS
Research subjects

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

Core tip: Because of high prevalence of constipation
among elderly people, older populations are more
susceptible to constipation related side effects. Many
studies have concluded the significance of certain
foods and dietary modification in treating constipation
prior to any medical interventions. Benefits of frequent
fish, dietary fibres consumption and large staple food
intakes in alleviating symptoms of constipation were
demonstrated in this study. Dietary modification should
be promoted and emphasized as first line treatment to
postpone or avoid drug use.

Research method

Investigation was performed by uniformly trained
professionals via door-to-door questionnaires in 2015
between July to September. Survey questions covered
constipation-related demographic indicators and diet
habits including daily staple food intake, frequency
of fish, egg, fruits and vegetables consumption.
Constipation was defined according to the China
Chronic Constipation Diagnosis and Treatment
Guideline (2013), with the following constipation
judgment indicators: decreased defecation frequency,
dry and hard stool, and difficulty in defecation. All
questionnaires were anonymous and verbal consent
was obtained from all participants.

Yang XJ, Zhang M, Zhu HM, Tang Z, Zhao DD, Li BY, Gabriel
A. Epidemiological study: Correlation between diet habits
and constipation among elderly in Beijing region. World J
Gastroenterol 2016; 22(39): 8806-8811 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i39/8806.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i39.8806

INTRODUCTION
Constipation is a common gastrointestinal disease
affecting all age groups, elderly individuals suffer
particularly more than younger individuals, among
[1,2]
which females have higher prevalence than males .
High incidence of constipation in older populations not
only accounts for change in organ functions with age,
but diet habits play an essential role in prevention
and treatment. Many studies have suggested that
high dietary fiber intake can significantly reduce
[3-6]
prevalence and alleviate symptoms of constipation .
Constipation in older populations should firstly be
treated with dietary modifications prior to any medical
intervention to minimize side effects of certain
drugs. Thus, we conducted an epidemiological study
regarding diet habits and prevalence of constipation
among elderly people in Beijing to further confirm
the significance of diet in treating and alleviating
symptoms of constipation without any potential side
effects. This research is one of key parts of the special
project, which funded by the National Health and
Family Planning Commission of the People’s Republic of

WJG|www.wjgnet.com
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According to 2015 Beijing sampling data of 5
population census in China, a stratified, segmented
and randomized cluster sampling method was used to
investigate 2776 elderly people (≥ 60 years) in urban
(Xuanwu) and rural (Huairou and Daxing) areas of
Beijing. Door-to-door questionnaires were used and
collected, among which completed questionnaires
regarding eggs and fish, fruits and vegetables were
2774 and 2486 respectively. Subjects’ characteristics
were the following: 1213 males (43.7%), 1563
females (56.3%), 1264 rural elderly (45.5%) and
1512 urban elderly (54.5%). Classification with
regards to age: 60-64 years (510, 18.4%), 65-69 (485,
17.5%), 70-74 (551, 19.8%), 75-80 (607, 21.9%), >
80 (623, 22.4%).

Key words: Constipation; Elderly; Diet; Epidemiology;
Prevalence; Factors

Statistical analysis

EpiData was used to input data and establish database,
processed data was converted to SPSS document. The
t test was performed to analyze data and data was
2
expressed in mean ± SD; χ test was performed, P <
0.05 was considered statistically significant.

RESULTS
Age, region and gender

Of 2776 subjects from both urban and rural areas
of Beijing, prevalence of constipation increased with
age. Of 510 elderly aged 60-65, 41 of which were
constipated (prevalence 8.0%); 11.1% for 65 years
old and above group; 11.3% for 70-75 group; 18.8%
for 75-80 group; and 17.8% for > 80 group. The
2
difference was statistically significant (P < 0.001, χ =
41.338). However, differences between females and
2
2
males (χ = 0.981), urban and rural areas (χ = 0.771)
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Table 1 Age, region (rural, urban) and gender in relation
with constipation
Items
Gender
Male
Female
Region
Urban
Rural
Agea
60-65
65-70
70-75
75-80
> 80
Total

Table 3 Correlation between fish, egg eating and constipation

χ2

Cases

Prevalence

Constipation

1213
1563

158
224

13.0
14.3

0.981

1512
1264

216
166

14.3
13.1

0.771

510
485
551
607
623
2776

41
54
62
114
111

8.0
11.1
11.3
18.8
17.8

41.338

b

Constipation

Prevalence

χ2

Egg eater
Rarely eat
Fish eater
Rarely eat
Total

2632
142
2257
517
2774

359
23
292
90

13.6%
16.2%
12.9%b
17.4%b

0.742
7.080

P < 0.01.

Items
Vegetables
Frequent
Rare
Fruits
Frequent
Rare
Total

P < 0.001.

Table 2 Correlation between daily staple food intakes and
constipation
Staple food Intake

Cases

Constipation

Prevalence

≤ 150 g

351
1368
530
237
2486

41
129
47
10
227

11.7%
9.4%
8.9%
4.2%
9.1%

a

a

χ2

Cases

Constipation

Prevalence

2431
55

218
9

9.0%
16.4%

3.546

1783
703
2486

150
77

8.4%
11.0%

3.921

a

P < 0.05.

consumers had 218 cases of constipation (prevalence
9.0%); 9 out of 55 rare vegetable consumers were
constipated (prevalence 16.4%). The difference was
2
statistically significant with P < 0.05 (χ = 3.546). Of
total 2486 subjects, 1783 frequent fruits consumers
had 150 cases of constipation (prevalence 8.4%); 77
out of 703 rare fruits consumers were constipated
(prevalence 11.0%). The difference was statistically
2
significant with P < 0.05 (χ = 3.921) (Table 4).

χ 2 = 9.833; aP < 0.05.

were not statistically significant (P > 0.05 for both)
(Table 1).

Staple food

Of total 2486 subjects, 227 were constipated and
total prevalence was 9.1%. Daily staple food intakes
and prevalence of constipation indicated a negative
correlation and the difference was statistically significant
2
(χ = 9.833, P < 0.05). Prevalence of constipation was
11.7% for consumption of less than and equal to 150 g
per day; 9.4% for consumption of 200-300 g per day;
8.9% for consumption of 350-450 g per day; 4.2% for
consumption of greater than and equal to 500g per day
(Table 2).

DISCUSSION
This study has investigated the prevalence of cons
tipation among elderly people in both urban and rural
areas of Beijing. Our results show that the differences
between females and males, living in urban or rural
areas are not statistically significant (P > 0.05 for both)
(Table 1). However, many other studies have indicated
that females in general suffer more from constipation
[1,2]
than males in all age groups . Age is one of the most
important risk factors, our results (P < 0.001) are in
accordance with other studies which have concluded
the prevalence of constipation increased with age (Table
[1,2]
1) . The proportion of constipated elderly people
increases drastically from 70-year-old group (11.3%)
to 75-year-old group (18.8%), so dietary and lifestyle
modifications are highly recommended as first line
treatment in these age groups prior to any medical
interventions. Ageing is a naturally occurring process
which implies changes in organ functions with age,
previous studies have pointed out that constipated
older adults could have normal or delayed colonic
transit, caused most commonly by distal colonic or
[7-9]
anorectal dysfunction . This irreversible process can
be partially compensated by establishing a healthy

Fish and egg

Of total 2774 subjects, 2632 egg eaters had 359
cases of constipation (prevalence 13.6%); 142
subjects who did not consume eggs had 23 cases of
constipation (prevalence 16.2%). The difference was
2
not statistically significant with P > 0.05 (χ = 0.742).
Of total 2774 subjects, 2257 fish eaters had 292 cases
of constipation (prevalence 12.9%); 517 subjects who
did not consume fish had 90 cases of constipation
(prevalence 17.4%). The difference was statistically
2
significant with P < 0.01(χ = 7.080) (Table 3).

Fruits and vegetables

Of total 2486 subjects, 2431 frequent vegetables
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Cases

Table 4 Correlation between fruits and vegetables con
sumption and constipation

a

200-300 g
350-450 g
≥ 500 g
Total

Items
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[10]

intestinal microbiota. Spinzi et al
have suggested
that the faecal flora changed markedly with age mostly
by a fall in numbers of bifidobacteria. Nowadays,
probiotics are commonly prescribed and widely
available, probiotics not only promote the growth of
bifidobacteria, but shorten bowl transit and soften
stools most likely by increased short chain fatty acid
[11]
concentration and decreased colonal pH . Although
the causal relation between intestinal microbiome and
constipation remains undefined, remarkable outcomes
have been proven by the use of probiotics in alleviating
constipation symptoms, probiotics supplement and
fermented dairy products are highly suggested to be
incorporated into diet due to lacks of side effects and
food and drug interactions.
Staple foods in China generally refer to rice and
wheat products such as noodles and steamed buns.
Our results indicate a clear negative correlation
between amount of staple food consumed and
prevalence of constipation among elderly populations
(Table 2). By increasing staple food consumption
from 150 g per day up to 500 g and more per day,
the prevalence of constipation decreases from 11.7%
to 4.2% (P < 0.05). A Japanese study has found
out a clear dose-response relationship between
increased intake of rice and a decreased prevalence of
[12]
constipation among young female dietetic students .
Also, increased intakes of rice at breakfast, lunch, and
dinner were all associated with a decreased prevalence
[12]
of constipation . The protective effect of rice on
constipation has also been indicated in two previous
studies conducted in Asian communities where rice is
[13,14]
the main staple food
. Two possible explanations
can be speculated. (1) Elderly people are generally
eating less than younger adults, so their caloric intake
[15]
is also lower than young people. Towers et al
have
concluded that there was a strong negative correlation
between total transit time and number of calories
as measured by the daily food diary (r = -0.58, P <
0.0001) and the diet questionnaire (r = -0.28, P =
0.05). Thus, slow transit times are associated with low
caloric intake which potentially leads to constipation;
and (2) rice and wheat products are main source of
vitamins and minerals in China, some of constituents
in rice and/or combinations of these constituents might
[8]
exert a preventive effect on constipation . However,
Western countries have different dieting habits where
potato, bread and corns are considered staple foods.
Protective effects of staple food indicated in our results
cannot be directly applied to Western countries due
to differences in eating habits, further investigation is
required to confirm the beneficial effects of staple food
in Western diets.
In this study, we have established a relationship
between fish eating, egg eating and prevalence
of constipation in older age groups. Although the
prevalence of elderly who do not eat eggs is higher than
egg-eaters, this result is not statistically significant (P
> 0.05). However, a negative correlation between fish

WJG|www.wjgnet.com

eating and prevalence of constipation is demonstrated
by our results (Table 3); elderly people who do not eat
fish have higher prevalence than those fish eaters (P <
0.01). One study conducted on infants regarding diet
and constipation has suggested that the easily digested
proteins in breast milk, primarily whey, resulted in soft
stools; breast-fed infants tended to have more frequent
[16]
stools and soft in consistency . Nonetheless, less
digestible casein proteins are believed to result in firmer
stools, formula-fed infants tended to have more firmer
[16]
stools and more frequent constipation problems .
According to this result, we can speculate that certain
proteins in fish might be more digestible than proteins
found in eggs, so more digestible proteins promote the
formation of soft stools among elderly people. Further
study is required to confirm this hypothesis.
To date, many studies have agreed that higher
dietary fibers (fruits and vegetables) consumption
decreases prevalence of constipation in different age
and gender groups. According to our study, elderly
people who consume fruits and vegetables frequently
have lower prevalence of constipation (P < 0.05) (Table
4). The mechanism of action of fiber on constipation
includes: (1) fiber increases stool bulk and accelerates
colon transit; (2) fermenting fiber produces short-chain
fatty acids (butyrate, propionate, acetate, etc.), which
increase osmotic load and accelerate colon transit;
(3) short-chain fatty acids change the intraluminal
microbiome (mass) directly or indirectly by decreasing
luminal pH, which accelerates colon transit; and (4)
fiber contains water. All these improve stool consistency
[3-5]
and amount
. Increasing soluble fiber intake by
increasing fruits and vegetables consumption resulted
[6]
in more frequent and softer stools . Meanwhile, fruits
and vegetables contain relatively higher amount of
[12]
water than other food groups, Murakami et al
have
indicated that low intake of water from foods was
independently associated with increasing prevalence of
[12]
constipation . Therefore, frequent intake of fruits and
vegetables is highly recommended to elderly people.
[17]
Roma et al
have conducted a study on children in
selected areas of Greece, and have observed that
the mean daily fiber intake was lower in the parents
of constipated children than in control parents.
This implies that constipation is not “inherited” but
“passed” in a family where eating habit is essential in
both prevention and treatment of constipation. High
prevalence of constipation among elderly is not only
due to ageing processes, but dieting habit is also a
key factor. Increase dietary fibers intake and modify
eating pattern can both influence familial health status
and potentially reduce incidences of constipation.
Moreover, according to Sun Hwan Bae certain fruits
such as pear, grape, plump, and apple with peel are
useful in treating constipation due to their high fiber
[18]
content . Green kiwifruits, prune, persimmon and
banana are commonly consumed and available in
Asia, green kiwifruits and prune have beneficial effects
on constipation yet raw persimmon and banana
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habits, and is significantly decreased by high staple foods intake, fish eating
and high dietary fibres (fruits and vegetables) consumption.

pose negative effects on constipated patients. Green
kiwifruit significantly increases defecation frequency,
stool volume, softness of bowel motion, and ease of
[19]
defecation in adult clinical studies . Similarly, prune
and Japanese apricot are beneficial to constipation;
prune contains large amount of phenolic compounds
[20]
which aid in laxative effect , and Japanese apricot
increases defecation frequency and contraction of
[21]
the rat colon . Nevertheless, unripe persimmon
contains high tannin concentration, tannin acid reduces
intestinal secretions and inhibits peristalsis, and even
healthy individuals experience painful defecation when
[18]
ripe persimmons are eaten , persimmons should be
avoided by constipated elderly people. Also, unripe
bananas contain 100-250 mg tannins/100 g and
have high amylase-resistant starch content; they can
[22]
cause or aggravate pre-existing constipation . Unripe
banana should not be recommended to constipated
elderly people, as many other sources of fibers are
available. Additional examples in terms of which fruits
can aggravate constipation require further study.
Our epidemiological investigation demonstrates
that higher staple food (rice, wheat products) in
take, frequent fruits and vegetables consumption,
incorporation of fish into diet pose beneficial effect on
constipation and reduce the prevalence of constipated
patients. Increase dietary fibers intake from both fruits
and vegetables and whole grains to alleviate symptoms
of constipation is one of effective methods. A balanced
diet should be promoted and emphasized as first line
treatment prior to any medical intervention.

Terminology

Constipation was defined according to the China Chronic Constipation
Diagnosis and Treatment Guideline (2013), with the following constipation
judgment indicators: decreased defecation frequency, dry and hard stool, and
difficulty in defecation.
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Abstract
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AIM
To establish a threshold value for liver fat content
between healthy children and those with nonalcoholic fatty liver disease (NAFLD) by using magnetic
resonance imaging (MRI), with liver biopsy serving as a
reference standard.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS
The study was approved by the local ethics committee,
and written informed consent was obtained from all
participants and their legal guardians before the study
began. Twenty-seven children with NAFLD underwent
liver biopsy to assess the presence of nonalcoholic
steatohepatitis. The assessment of liver fat fraction
was performed using MRI, with a high field magnet
and 2D gradient-echo and multiple-echo T1-weighted
sequence with low flip angle and single-voxel pointresolved ¹H MR-Spectroscopy (¹H-MRS), corrected for
T1 and T2* decays. Receiver operating characteristic
curve analysis was used to determine the best cutoff value. Lin coefficient test was used to evaluate the
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drawbacks of this invasive technique are well known.
It is associated with morbidity and mortality, it has
sampling errors, and it is not appropriate for screening,
longitudinal monitoring, or evaluating treatment
[4]
response . Among the currently available imaging
modalities, magnetic resonance imaging (MRI) and ¹
H MR spectroscopy (MRS) are the most reproducible,
safe, and accurate imaging techniques that can be
[5]
used in clinical trials and epidemiologic studies .
However, MRS has limited clinical applicability or
availability because it requires sophisticated postprocessing methods, and not every MRI is routinely
equipped with MRS capabilities. Recent improvements
in MRI can provide the magnetic resonance imagingestimated proton density fat fraction (MRI-PDFF),
which is a novel biomarker that has demonstrated
[6-10]
robust correlation and equivalency with MRS
.
In addition, MRI-PDFF allows fat mapping of the
entire liver, and it can be used with any clinical MRI
platform, whereas MRS measures fat biochemically
in small regions of interest (ROIs). To the best of our
knowledge, few studies have used MRS and histology
[11-14]
to investigate liver fat content in adolescents
.
A recently published paper suggested similar fatstorage between overweight children and adults, and
the study proposed the same cut-off value for normal
[15]
and pathologic storage . The aim of our study was to
validate a cut-off value for a pediatric population and
to correlate the data with laboratory/chemistry results
and subcutaneous and visceral adipose tissue (SAT
and VAT) findings.

correlation between histology, MRS and MRI-PDFF. A
Mann-Whitney U -test and multivariate analysis were
performed to analyze the continuous variables.
RESULTS
According to MRS, the threshold value between healthy
children and those with NAFLD is 6%; using MRI-PDFF,
a cut-off value of 3.5% is suggested. The Lin analysis
revealed a good fit between the histology and MRS as
well as MRI-PDFF.
CONCLUSION
MRS is an accurate and precise method for detecting
NAFLD in children.
Key words: Magnetic resonance spectroscopy; Magnetic
resonance imaging-PDFF; Obesity; Non-alcoholic fatty
liver disease; Children
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Differentiating normal from pathologic liver
fat storage in children could depend on technical
measurements. Using MR-spectroscopy, a cut-off value
of 6% demonstrates the best diagnostic performance,
otherwise magnetic resonance imaging (MRI)-PDFF
cut-off value of 3.5% better discriminates normal
weight from obese children. It is confirmed that MRS
is an accurate and precise method for detecting nonalcoholic fatty liver disease in children. However, MRIPDFF- is a feasible alternative to MRS for quantifying
liver steatosis.

MATERIALS AND METHODS
Di Martino M, Pacifico L, Bezzi M, Di Miscio R, Sacconi
B, Chiesa C, Catalano C. Comparison of magnetic resonance
spectroscopy, proton density fat fraction and histological analysis
in the quantification of liver steatosis in children and adolescents.
World J Gastroenterol 2016; 22(39): 8812-8819 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i39/8812.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i39.8812

The study has been approved by the ethics committee,
and written informed consent was obtained from all
participants and their legal guardians before the study
began. From October 2013 to December 2014, 93
Caucasian obese children and adolescents [body mass
th
index (BMI) above the 95 percentile for age and
gender] were referred to the Hepatology Outpatient
Unit of the Department of Pediatrics to confirm or
rule out the presence of NALFD. All enrolled subjects
underwent the following measurements: fast blood
samples [glucose, cholesterol, triglycerides, alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), insulin and and γ-glutamyl transferase (γ-GT)]
and BMI. They also underwent MRI to quantify liver
steatosis and evaluate SAT and VAT. Five children were
excluded because their data imaging was not suitable
for post-processing due to several motion artifacts.
The study population included 27 patients (16 males
and 11 females; mean age, 13 years; range, 9-18
years) who were scheduled for liver biopsy to assess
the presence of nonalcoholic steatohepatitis (NASH) or
other liver diseases. Liver biopsy was performed within
two weeks of the MR examination to avoid any bias,
such as diet modification. An age- and sex-matched
control group of 27 healthy Caucasian children, who

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is emerging
as a leading cause of chronic liver disease in children
and adolescents, with a prevalence in the general
population ranging from 3%-10% in normal weight
[1-2]
children and 80% in obese children
. Children
with NAFLD are usually asymptomatic and garner
clinical attention because of elevated liver enzymes
or fatty liver being observed during an ultrasound
examination. The measurement of liver enzymes alone
is not sufficient for accurate fatty liver screening in
overweight children because enzymatic abnormalities
[3,4]
correlates poorly or not at all with early steatosis .
At present, liver biopsy represents the reference
standard for diagnosing liver steatosis, although the
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A

B

L1-L2
L2-L3
L3-L4
L4-L5
L5-S1

Figure 1 Subcutaneous and visceral fat measurement technique. A: Sagittal T1-weighted localizer MR image used to select levels for analysis (L1-L2, L2-L3,
L3-L4, L4-L5, L5-S1); B: Axial T1-weighted MR image with water suppression at the L4-L5 level. Contrast was manually adjusted to select signal from subcutaneous
(red) and visceral (green) adipose tissue. Area of this fat was calculated by the workstation and summarized with that of other levels.

also had blood chemistry results available, were
recruited (11 males and 16 females; mean age, 12
years; range 8-18 years).

separation between water and fat components using
the chemical shift MR technique.

MR imaging

Images from multiple-echo GRE sequencing were
subsequently analyzed with software provided by the
manufacturer (Functool, GE Healthcare, Milwaukee,
WI, United States); this procedure has been previously
[16]
published . A ROI measuring 2-3 cm in diameter
was drawn at the same site as the voxel used for
1H-MRS to avoid extrahepatic fat and large vessels.
Magnetic resonance spectra were reconstructed on a
dedicated workstation using the SAGE Dev2 0017.1
software (General Electric Healthcare, Milwaukee, WI,
United States). Raw data were zero-filled once, and
no filter was used. Spectra were referenced to residual
water and the dominant methylene lipid (-CH3 and
-CH2) peak at δ 4.8-5.2 and δ 0.9-1.1 and 1.3-1.6
and 2.1-2.3, respectively. The fat fraction percentage
(FF) was defined as follows: FF = FA/(FA + WA) x 100,
where FA is the area under the fat peak and WA is
the area under the water peak. The fat-only dataset
from the T1-weighted sequence was transferred to a
personal computer and analyzed using commercially
available software (Slice-O-Matic; Tomovision Inc,
Montreal Canada), the procedure for which has been
[17,18]
described elsewhere
. Briefly, SAT and VAT were
calculated from 5 images extending from 5 cm below
L4-L5 to 15 cm above L4-L5. A free-form ROI and
manual thresholding were used to select tissue of fat
within the subcutaneous and visceral adipose tissue
(Figure 1).

Quantitative analysis

MRI exams were using a 3T magnet system (GE
Discovery 750; General Electric Healthcare, Milwaukee,
WI, United States), with a peak gradient amplitude
of 50 mT/m and a 200 μsec time to peak. An eightelement body torso-array coil system was used.
Before the spectroscopy acquisition, a T2-weighted
image in the coronal plane (TR 1300, TE 125, FA
90°, slice thickness 6 mm, matrix 288 × 192) and
a T1-weighted axial image (TR 4 ms/TE 1 ms, FA
60°, slice thickness 6 mm, matrix 288 × 192) were
acquired. To quantify the hepatic fat fraction (HFF),
an axial breath-hold low-flip angle, T1-weighted, 2D
multiple-echo, spoiled gradient-echo (GRE) sequence
(TR5.1/TE from 0.8 to 3.8, flip angle 5°, field of
view 33 cm; section thickness, 10 mm; intersection
gap, 0, matrix 128 × 128, acquisition time 2 × 17
s) was used was used. MRS was performed using
one 20 mm × 20 mm × 20 mm voxels placed in
segment Ⅵ-Ⅶ (as close as possible to the site of liver
biopsy) and avoiding the artifact, major blood vessels
and biliary ducts. All spectra were obtained in the
stimulated echo acquisition mode (STEAM, TR 4000
ms), using a breath hold sequence with an acquisition
time of approximately 24 s. Field homogeneity
was automatically adjusted for each voxel. The T2
relaxation times of both metabolites were determined
from their peak amplitudes at each echo time using
an exponential least-squares fitting algorithm, and
[8]
saturation bands were used . For the quantification
of subcutaneous and visceral adipose tissue (VAT
and SAT), a 3D GRE T1-weighted sequence on an
axial plane (TR4.1, TE 1.1, flip angle 15°, matrix
320 × 192, section thickness 6 mm reconstructed
3 mm, intersection gap 0) was acquired using the
IDEAL imaging and Dixon method, which enabled the

WJG|www.wjgnet.com

Histopathologic analysis

With ultrasound guidance and within two weeks of the
MR examination, a percutaneous needle liver biopsy
was performed using an 18-gauge needle, with the
patients under local anesthesia. To obtain an adequate
sample, biopsy specimens were obtained twice from
all patients at two different sites in the right hepatic
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Table 1 Clinical analysis and anthropometry of the study population and the control group
Patients with NAFLD
Median
BMI
ALP
ALT
AST
Bilirubin
γ-GT
Insuline
Cholesterol
Blood glucose
Triglycerides
VAT
SAT

28.71
185
31
25
0.53
21
17.61
154
85
77
368.351
1949.221

SD
4.07
104.54
52.21
25.78
0.4074
12.24
11.46
38.56
7.08
68.86
258.23
1184.9

Control group
95%CI

Median

SD

95%CI

26.2-29.58
122.21-244.81
30-59.5
21.14-30.85
0.38-0.68
17.14-28.97
12.12-24.14
130.44-168.55
83.14-89.70
68.68-114.65
334.9-501.7
1743.6-2886.0

23.75
219.0
16.5
22
0.59
11
11.6
142.5
83
60.5
275.9
1352.9

3.5
103.00
50.7
25.21
0.21
9.98
3.4
28.8
3.6
24.64
76.02
746.95

21.86-25.84
136.13-303.8
15-20.45
20-26
0.37-0.67
10-12
8.17-12.34
136-167
81-84
50-84.45
252.4-299.9
840.3-1539.4

1

Significantly higher values of BMI (0.0002), VAT (< 0.0001), SAT (0.0001), ALT (< 0.0001) and Insulin (0.0008) were reported. γ-GT: γ-glutamyl transferase;
BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

lobe (Ⅵ and Ⅶ segments). Liver specimens that
were at least 1.5 cm in length and contained at least
10-11 complete portal tracts were considered to be
adequate for histological assessment. Liver steatosis
was determined by estimating the percentage of fatcontaining hepatocytes on hematoxylin-eosin-stained
specimens. The grading system for liver steatosis
was based on the NASH Clinical Research Network
[19]
criteria : grade 0, less than 5% steatosis; grade 1,
6%-33% steatosis; grade 2, 34%-66% steatosis;
and grade 3, greater than 66% steatosis. The grading
system incorporates the accepted normal value for
histopathologic liver fat, which is less than 5%, and
it is the standard applied in the clinical assessment
of severity of liver steatosis by hepatologists and
gastroenterologists.

Institute Inc., Cary, NC, United States).

RESULTS
The clinical characteristics of the study population and
control group are presented in Table 1.
Of the 27 patients who underwent liver biopsy, 11
(40.7%) children demonstrated grade 1 steatosis, 9
(33.3%) children demonstrated grade 2 and 7 (26%)
demonstrated grade 3 (mean, 43.3% ± 26; range,
10%-90%). The mean lipid content for MRS was 30% ±
18 (median, 30%; range, 5%-66%), whereas the MRIPDFF mean fat fraction was 11% ± 7 (median, 10%;
range, 1%-33%) (Figure 2). The following HFF values
were recorded in the control group: MRS (mean, 4.4%
± 2.5; median, 4%; range, 0.8%-13%) and MRI-PDFF
(mean, 2.5 ± 2; median, 1.9%; range, 0.7%-11%).
The ROC curve analysis suggested a cut-off value
of 6% for MRS to discriminate between patients with
and without steatosis (sensitivity, 92.6%; specificity,
95.7%; 6 false positive calls); conversely, MRI-PDFF
suggested a cut-off value of 3.5% (sensitivity, 89%;
specificity, 88%; 4 false positive calls) (Figure 3).
For MR spectroscopy, compared with the histology
results, the Pearson test revealed a correlation of 0.68,
(P = 0.0001) MRI-PDFF showed slightly lower values
of 0.63, 0 (P = 0.0005).
Excellent correlation was reported between the
MR techniques (ρ 0.81, P < 0.0001). Bland Altman
plot reveals all points within were within the 95%
limit of agreement, a possible bias encountered in the
evaluation of MR-PDFF at medium and high level of
hepatic steatosis (Figure 4).
Compared to the control group, significantly
higher BMI (0.0002), VAT (< 0.0001), SAT (0.0001),
ALT (< 0.0001) and insulin (0.0008) values were
reported in the study population. Multivariate analysis
of the quantitative variables demonstrated good
correlation among VAT, SAT, BMI and insulin in terms
of predicting liver steatosis (0.80, 0.51, 0.50 and 0.52,
respectively).

Statistical analysis

To estimate the proper sample size in the correlation
between the MR imaging and liver biopsy, a power
analysis was conducted, considering a coefficient
correlation of 0.6, α error= 0.05 and power 1-β
= 0.90; the number of subjects was 21. Receiver
operating characteristic (ROC) curve analysis was
used to determine the best cut-off values for MRS and
MRI-PDHFF between the control group and children
with NAFLD. The Pearson correlation coefficientwas
calculated among histology, MRS and MRI-PDHFF We
also estimated agreement by using the 95% limit-of[20]
agreement method developed by Bland and Altman .
An analysis of the study population and control groups
was performed to determine the median ± SD, and
comparisons were made using the Mann-Whitney U
test. Multivariate analysis of the continuous variables
was performed to evaluate which variables were
useful for predicting liver steatosis. A P value less than
0.05 was considered to indicate significant difference.
Statistical analysis was performed using the MedCalc
Software (V.13.1.2, Acacialaan 22 m 8400, Onsted,
Belgium), except for the multivariate analysis, which
was calculated using the JMP software (JMP.11, SAS
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A

B

C

D

E

F

Figure 2 Mean lipid content for MR-Spectroscopy. A-C: MRI-PDFF reveals a hepatic fat fraction of 7%, MRS quantified 6.5% of liver steatosis and histological
analysis 30% of liver steatosis; D-F: Severe hepatic steatosis in a 8-year-old girl: MRII-PDFF 25%, MRS 50% and histologic analysis 90% of liver steatosis
respectively.
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Figure 3 Receiver operating characteristic curve analysis of MR Spectrscopy (A) and MR imaging-PDFF (B) for discrimination of healthy from nonalcoholic fatty liver disease children.

levels should be jointly considered promising tools for
predicting liver steatosis.
In a pediatric population, precise measurement
of the degree of liver steatosis is of clinical interest
because it has demonstrated an association with
subclinical signs of atherosclerosis and changes in
[21-24]
myocardial functions
. At present, no laboratory
test can be used for the non-invasive quantification of
liver steatosis, and ALT values may be elevated only
[25]
in severe cases . Although our analysis reported
significantly higher levels of ALT and insulin in pre

DISCUSSION
Our results suggest that MRS is an accurate, noninvasive diagnostic technique for quantifying liver
steatosis in a pediatric population and that MRI-PDFF
is a feasible alternative technique. For MRS, the same
cut-off value of 5% can be used to diagnosis liver
steatosis in adolescents and adults; in contrast, when
MRI-PDFF is used to quantify liver steatosis, a cutoff value of 3.5% is more appropriate. For clinical and
morphologic analyses, the BMI, VAT, SAT and insulin
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A

concordance. However, MRS is an expensive and
primarily research-based tool that is not always
[33,34]
available
. MRI-PDFF has been proposed as a
feasible and simple alternative method for quantifying
[10,11,35-37]
liver steatosis
. Our data demonstrated good
correlation between histology. However a probable
error should be develop in the differentiation between
moderate and high grade of steatosis: this limit of
chemical shift technique is attributed to the presence
of both water and fat (fat-water signal dominance
ambiguity) in the single voxel and it is not of clinical
[38,39]
relevance for patients treatment and managment
.
MR-PDFF suggests a lower threshold (3.5%) to define
hepatic steatosis in children, in agreement with a
[40]
recent publication by Rehm et al . Our multiple-echo
sequence has several advantages over MRS. First,
the acquisition time is short, easily fitting within a
breath hold. Second, the fat content can be measured
throughout the liver instead of in only one voxel or a
few voxels; this point is of major importance because
fat distribution is often heterogeneous. Third, no
spatial miss-registration errors occur because the OP
and IP images are acquired simultaneously. Fourth,
post-processing is considerably easier and faster than
with MRS.
Some study limitations should be noted. First,
the site-to-site reproducibility of our technique was
evaluated only in segment Ⅶ. Second, our control
group did not have histologically confirmed healthy
livers because it would have been unethical to subject
normal individuals to liver biopsy assessments.
Thirdly, the three parameters (MRS, MR-PDFF and
histology) tested in our study assess different aspects
of steatosis. Histology reveals the percentage of
hepatocytes that contain vesicles of fat, MR-PDFF
determines the proportion of mobile protons contained
within fat molecules and MRS shows the peaks of
methyl and methylene (-CH2 and CH3) protons in the
triglyceride molecule.
Finally, Bland-Altman plot analysis demonstrates
a difficulty of MR-PDFF in the differentiation between
moderate to severe steatosis; however this drawback
has not clinical relevance becasuse treatment and
managmetn of patients is quite similar.
In conclusion, MRS was confirmed as the most
accurate non-invasive method for quantifying liver stea
tosis in obese children.
Multiple-echo gradient-echo MR sequence may also
be an easily and rapidly performed technique used to
quantify liver steatosis in a pediatric population; this
technique demonstrated excellent agreement with
MRS and should be considered as reference standard
in longitudinal studies or clinical trials. Together, BMI,
VAT, SAT and insulin measurements provide the most
powerful test for predicting liver steatosis. Further
studies should be conducted to better match data from
histological and MRI analyses and to establish MRI
thresholds for different grades of steatosis.
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Figure 4 Evaluation of magnetic resonance imagingestimated-proton
density fat fraction at medium and high level of hepatic steatosis. A, B:
Differences between liver fat fraction estimated by using 1H MR spectroscopy
and triple-echo sequence compared with histology were plotted against means,
with 95% confidence intervals (Bland-Altman plot); C: All data points were
within limits of agreement (dotted lines), corresponding to 1.96 SDs from mean.
MRS: MR-Spectroscopy.

dicting liver steatosis, only in severe cases were the
results beyond normal ranges. Anthropometry data
revealed significantly higher BMI, SAT and VAT values
in children with NAFLD, as previously described in the
[26,27]
literature
; unfortunately, multivariate analysis
demonstrated only moderate to good values in pre
dicting liver steatosis (range, 0.80 - 0.50).
Among the imaging modalities, MRS can provide
a reliable estimation of the weight fraction of liver
fat content, and it is now considered to be the most
accurate non-invasive method; for these reasons,
[28-32]
it is used extensively in published reports
. In
addition, in our experience, MRS demonstrated
excellent correlation with liver biopsy, with good
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measurements provide the most powerful test for predicting liver steatosis.

This study should be conducted to better match data from histological and MRI
analyses and to establish MRI thresholds for different grades of steatosis.

Peer-review

Interesting study, reasonable N. Needs more description of methods, results; I
think with a careful revision, these authors can justify their conclusions with the
data presented.
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Abstract

Clinical trial registration statement: The study has been
registered at Clinicaltrials.gov (ID: NCT02181140).

AIM
To compare the aspiration needle (AN) and core biopsy
needle (PC) in endoscopic ultrasound-guided fine
needle aspiration (EUS-FNA) of abdominal masses.

Informed consent statement: All of the individuals who
participated in the study provided their written informed consent
prior to study enrollment.
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METHODS
Consecutive patients referred for EUS-FNA were
included in this prospective single-center trial. Each
patient underwent a puncture of the lesion with both
standard 22-gauge (G) AN (Echo Tip Ultra; Cook
Medical, Bloomington, Indiana, United States) and
the novel 22G PC (EchoTip ProCore; Cook Medical,
Bloomington, Indiana, United States) in a randomized
fashion; histology was attempted in the PC group only.
The main study endpoint was the overall diagnostic
accuracy, including the contribution of histology to the
final diagnosis. Secondary outcome measures included
material adequacy, number of needle passes, and
complications.

Sterlacci W, Sioulas AD, Veits L, Gönüllü P, Schachschal G, Groth
S, Anders M, Kontos CK, Topalidis T, Hinsch A, Vieth M, Rösch
T, Denzer UW. 22-gauge core vs 22-gauge aspiration needle for
endoscopic ultrasound-guided sampling of abdominal masses.
World J Gastroenterol 2016; 22(39): 8820-8830 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i39/8820.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i39.8820

INTRODUCTION
Endoscopic ultrasound (EUS) has become widely-used
for diagnostic purposes regarding lesions arising from
the pancreas, upper gastrointestinal tract, as well as
adjacent structures, such as the liver and lymph nodes.
In this setting, EUS-guided fine needle aspiration
(EUS-FNA) is currently considered a technique with an
excellent safety profile with reported sensitivity of 60%
to 95% and overall diagnostic accuracy ranging from
[1-3]
60% to 90% .
However, EUS-FNA performance is dependent on
numerous factors, including those related to target
lesion (location, size, characteristics), technical
details (type of needle used, aspiration/biopsy
method, number of passes, material processing),
and involved personnel (endoscopist expertise,
[4-7]
presence of on-site experienced cytopathologist) .
Usually, cytology is the basis of EUS-FNA based tissue
diagnosis. However, cytological specimens obtained
by means of standard EUS-FNA are of limited value
in diagnosing entities like gastrointestinal stromal
tumors, lymphomas, and autoimmune pancreatitis
that mostly require additional immunocytochemistry
and/or flow cytometry (e.g., lymphomas) or tissue
processing and immunohistochemical evaluation for an
[8-10]
accurate classification
. Furthermore, individualized
tumor therapy may mandate a more detailed im
munohistological analysis in the future that may not be
sufficiently covered by cytology.
To overcome these limitations of cytology and to
reliably retrieve samples suitable for histopathological
analysis, several new needles have been developed
[10-12]
in recent years, with variable success
; most
recently, a novel needle (EchoTip ProCore; Cook
Medical, Bloomington, Indiana, United States) has
been developed that features a hollowed-out reverse
bevel. This side fenestration promises to enable the
acquisition of core biopsy specimens with preserved
architecture and thus improve diagnostic yield.
Fulfilling those expectations, recent published results
on the performance of ProCore needles demonstrate
[13-17]
high diagnostic accuracy rates from 82% to 96%
.
We hypothetized that this novel needle is superior
in diagnostic performance, given its advanced
technical characteristics. Therefore, we conducted this
randomized study in order to prospectively compare
the standard 22-gauge (G) aspiration needle (AN)
with the 22G EchoTip ProCore needle (PC) in terms of
diagnostic accuracy, adequacy of the obtained material

RESULTS
Fifty six consecutive patients (29 men; mean age
68 years) with pancreatic lesions (n = 38), lymph
adenopathy (n = 13), submucosal tumors (n = 4),
or others lesions (n = 1) underwent EUS-FNA using
both of the needles in a randomized order. AN and PC
reached similar overall results for diagnostic accuracy
(AN: 88.9 vs PC: 96.1, P = 0.25), specimen adequacy
(AN: 96.4% vs PC: 91.1%, P = 0.38), mean number
of passes (AN: 1.5 vs PC: 1.7, P = 0.14), mean
cellularity score (AN: 1.7 vs PC: 1.1, P = 0.058), and
complications (none). A diagnosis on the basis of
histology was achieved in the PC group in 36 (64.3%)
patients, and in 2 of those as the sole modality. In
patients with available histology the mean cellularity
score was higher for AN (AN: 1.7 vs PC: 1.0, P = 0.034);
no other differences were of statistical significance.
CONCLUSION
Both needles achieved high overall diagnostic yields
and similar performance characteristics for cytological
diagnosis; histological analysis was only possible in 2/3
of cases with the new needle.
Key words: Endoscopic ultrasound; Cytology; Fine needle
aspiration; Abdominal tumors; Core biopsy needle
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasound-guided fine needle
aspiration and cytological analysis of the obtained
material represents an established modality for
diagnosis of intra- and paramural lesions. Recently
developed fenestrated needles enable specimen
acquisition for histological analysis aiming to improve
diagnostic accuracy. We prospectively compared the
22 gauge standard aspiration needle with the samediameter novel core biopsy needle in sampling of
abdominal masses. Both needles yielded similar overall
diagnostic accuracy, while no significant differences
were evident regarding sample adequacy for the
analysis, quality, and cellularity of specimens, number
of needle passes, feasibility, and complications. The
diagnostic contribution of histology with the novel
needle was limited.
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for evaluation, histocytological quality of the samples,
technical feasibility, and related complications.

Hitachi Medical Corporation, Tokyo, Japan) was used in
all of the examinations. The patients remained in the
left lateral position under conscious sedation by means
of intravenous propofol administration. Oxygen via the
nasal cannula and recording of the vital signs were
continuously provided. No on-site cytopathologist was
available.
Following careful scope manipulations, the endos
copist obtained visualization of the target lesion
and, using the color Doppler function, excluded
vessel interposition along the puncture route. The
lesion parameters, including exact location, size,
and echogenicity, were assessed and recorded.
Subsequently, the puncture of the mass by both the
standard 22G aspiration needle (AN; Echo Tip Ultra;
Cook Medical, Bloomington, Indiana, United States)
and the novel 22G core biopsy needle (PC; EchoTip
ProCore; Cook Medical, Bloomington, Indiana, United
States) was performed in a randomized order as
determined by a computer-generated randomization
assignment that took place prior to the procedure.
The PC has a 5.2F shaft, a core trap sized 2 mm,
and a reverse-bevel length of 5.9 mm. The same
sampling technique was used for both needles to
avoid technical biases. In detail, after the needle had
successfully entered the lesion, its stylet was removed
and suction was applied using a 10 mL syringe. During
each puncture, the needle was moved back and forth
between 10 and 20 times and, at the end, it was
withdrawn from the mass after suction was released.
The number of passes depended on the examiner’s
estimation of the yielded material with a maximum 3
passes being attempted with each device according to
the specifications of the ethics committee.
Following each pass, the further processing of
the acquired material was performed by the endoso
nographer, given the lack of an on-site cytopathologist.
This was done, in detail, as following:
In the case of the standard AN, the specimens were
smeared onto glass slides by stylet’s reintroduction or
by air flushing into the needle. Cytological evaluation
was subsequently undertaken after air dried fixation
and staining with the Giemsa method.
Regarding the PC, the material was completely
flushed out with saline solution. When small-core
biopsy cylinders (defined as whitish pieces of tissue
with apparent bulk, which did not consist of blood
and, therefore, dissolved in saline solution) were
identified, they were retrieved by syringe suction
and subsequently placed into formalin for histological
analysis. The remaining material was used for the
preparation of cytological smears. Core biopsy
cylinders were subsequently cut to obtain hematoxylineosin stained sections. Cytological smears were fixed
in ethanol and stained with Papanikolaou method.
The biopsy material was evaluated due to diagnostic
and quality parameters by a study cytopathologist who
was blinded to the type of the needle used.

MATERIALS AND METHODS
This single-center prospective study was conducted
at the Department of Interdisciplinary Endoscopy
of the University Hospital Hamburg-Eppendorf in
Germany from August 2011 to November 2013. The
study protocol was approved by the Institutional
Clinical Research Ethics Committee (study number:
PV 3835) and was registered at Clinicaltrials.gov (ID:
NCT02181140). All of the enrolled patients provided
written informed consent for the procedure and study
participation.

Patients

A total of 56 patients, between 18 and 85 years
old, were enrolled in the study. All of the patients
with an indication for EUS-FNA for the assessment
of pancreatic lesions, paramural mass lesions, or
subephitelial tumors (SET) were included. Exclusion
criteria were: (1) very difficult or impossible access
to the target site (i.e., post-operative anatomic
alterations, interpositioned vessels); (2) cystic lesions
without solid tissue; (3) coagulopathy (Quick time
3
< 40% or platelets-PLTs < 40000/mm ) or ongoing
anticoagulant medications except ASS; and (4) poor
performance status (Eastern Cooperative Oncology
Group-ECOG IV).

Data collection

For each eligible patient, the following data were
recorded: basic characteristics [age, gender, body
mass index (BMI)], symptoms (pain, jaundice, weight
loss), lesion location, laboratory data [complete blood
count-CBC, international normalized ratio (INR)], and
available imaging studies prior to EUS.
During the study, the following parameters were
recorded: location, size, and echogenicity of the
lesions, dose of the propofol administered for sedation,
number of passes for each needle, specimen adequacy
for evaluation, cellularity and cytological/histological
quality of the material, cytohistological analysis result,
and complications within 24 h after the intervention.
Follow-up was performed by telephone interviews,
hospital visits, and chart reviews until the patient’s
death or termination of the study. Inquiries included
symptoms, laboratory and/or imaging tests, and
subsequent interventions, namely repeated tissue
acquisition and surgery.

Procedures

All of the procedures were carried out by 4 experienced
endoscopists, assisted by one endoscopy nurse. A
linear array echoendoscope (GF-UCT 180, Olympus
Europa, Hamburg, Germany) connected to a processor
featuring a color Doppler function (Aloka Alpha 7,
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cellularity); and (4) the rate of procedure-related
complications. These included bleeding, perforation,
acute pancreatitis, hemobilia, or death; patients were
specifically followed for 24 h after the intervention.

Table 1 Patient demographics and baseline characteristics
Parameter

Value

No. of patients
Age (yr), mean (SD)
Sex, n (%)
Male
Female
BMI (kg.m-2), mean (SD)
Presenting symptom(s) (% )
Pain
Weight loss
Jaundice

56
68 (12)

Sample size assumption and power calculations

29 (51.8)
27 (48.2)
25.6 (3.6)

Sample size was based on an inferiority design
comparing both needles in diagnostic accuracy.
Assuming the PC to be superior (sensitivity: 75% vs
60%), 53 evaluable patients were required (power
80%, alpha 0.05) to show superiority of the core
needle.

22.4
28.3
19.6

BMI: Body mass index.

Statistical analysis

Descriptive statistics for continuous variables are pre
sented as means or medians with standard deviations
(SD) or range, respectively. Categorical variables
are reported as absolute values and percentages.
Sensitivity, specificity, and diagnostic accuracy are
calculated according to their definitions. Of note, the
analyses only considered cases with adequate material.
Differences between the performance of AN and
PC regarding the sample adequacy for evaluation as
well as the rates of correct diagnosis were assessed
using the McNemar’s test. Comparisons between the
number of needle passes, cellularity score, quality
of cytological/histological material score and the
complication rates were assessed using the nonparametric Wilcoxon rank sum test. The level of
statistical significance for all the tests was defined
at a probability value of less than 0.05 (P < 0.05).
Datasets were compiled by using Microsoft Excel and
all the statistical analyses were performed with IBM
SPSS Statistics V22.0 software (SPSS Inc., Chicago,
IL, United States).

Classification of results

The cytological and histological findings by EUSFNA were classified as positive for malignancy if an
unequivocal diagnosis of malignancy was made. It
is noteworthy that gastrointestinal stromal tumors,
neuroendocrine tumors (NET), and intraductal
papillary mucinous neoplasia cases were included in
the group of malignancies for the analysis of diagnostic
parameters. The acquired material was regarded as
adequate for cytological/histological analysis using the
cytopathology quality scoring as described below.

Study end points

The main outcome parameters used for comparisons
between the standard aspiration and ProCore needles
were: (1) the rate of correct diagnosis of the obtained
material and related diagnostic discrimination values
(sensitivity, specificity, diagnostic accuracy). The
gold standard criteria for diagnosis were considered
as one or more of the following: definite EUS-FNA
(see above), surgical resection, or clinical follow-up
exceeding 12 mo. In the PC group, the cytology and
histology results were considered together for the
overall diagnosis; in the AN group, only cytology was
used for diagnosis; and (2) the percentage of cases
in which the collected specimen was regarded by the
cytopathologist as adequate for cytological/histological
examination defined as a cytology/histology quality
score 1-3 (s. below).
Secondary endpoints included comparisons of se
veral performance parameters, such as the following:
(1) the number of needle passes needed to achieve
a gain of a macroscopically optimal sample; (2) the
quality of the cytological/histological specimens was
rated with scores from 0 to 3 [0, non-representative; 1,
representation questionable (poorly preserved, crush
artifacts, overlapping cell groups); 2, representation
limited (scant amount of diagnostic cells); and 3,
[18]
representative], as modified from Payne et al ; (3)
the cellularity of specimens was expressed by a score
in a scale from 0 to 2 (0, poorly preserved (cellularity
not reliably assessable); 1, low cellularity; 2, high
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RESULTS
Patients’ demographics and baseline characteristics

A total of 56 patients were finally included in the
study (Figure 1); patient demographics and baseline
characteristics are presented in detail in Table 1.
About 2/3 of the lesions were in the pancreas; lesion
parameters are shown in Table 2. Confirmation of the
final diagnoses was performed on the basis of surgery
(n = 26), definite EUS-FNA result (n = 16), clinical
follow-up for more than 12 mo (n = 6), or by more
than one means (n = 8). The mean propofol dose
administered for sedation was 482 mg.

Technical and diagnostic performance of the aspiration
needle (cytology)

Technically successful advancement of the AN into
the target lesion and sample collection was achieved
in all of the cases. Inadequate for cytological analysis
material was obtained in 2 cases, including pancreatic
NET (n = 1) and gastric antrum SET (n = 1). A
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Patients assessed for inclusion in the study (n = 62)

Patients excluded (n = 6)
No access to the lesion (n = 3)
Cystic lessions (n = 2)
Abnormal coagulation parameters (n = 1)

Patients included in the study (n = 56)

Figure 1 Study flowchart showing numbers of included and excluded patients.

complications were captured. Detailed performance
characteristics of AN are shown in Table 3.

Table 2 Lesion characteristics
n (%)

Parameter
Location
Pancreas
Lymph nodes
SMT
Other
Diameter (mm), mean (SD)
Echogenicity on EUS1
Hyper-/hypo-/iso-echoic
Non-homogeneous
Final diagnosis
Pancreatic adenocarcinoma
Pancreatic NET
Lymph node metastasis
Inflammatory lymph node
GIST
Chronic pancreatitis
Pancreatic metastasis2
Cholangiocarcinoma
Pancreatic lymphoma
Lymphoma
Leiomyoma
IPMN
Lymphoma renal infiltration
Gold standard method
Surgery
Definite EUS-FNA
Clinical follow-up (> 12 mo)
Combination

Technical and diagnostic performance of the ProCore
needle (cytology or histology)

38 (67.9)
13 (23.2)
4 (7.1)
1 (1.8)
33 (12)

Technical success of EUS-FNA using the PC was
universal (100%) and yielded adequate specimens (36
histological and 15 cytological) in all but 5 (pancreatic
adenocarcinoma; n = 4, gastric antrum SET; n =
1) cases. A correct diagnosis, compared to the gold
standard, was achieved in 49 evaluable patients.
Missed cases included pancreatic adenocarcinoma (n
= 1) and pancreatic lymphoma (n = 1). No adverse
events were encountered (Table 3).

7 (12.7)/44 (80)/2 (3.6)
2 (3.6)
25 (44.6)
7 (12.5)
6 (10.7)
5 (8.9)
3 (5.4)
2 (3.6)
2 (3.6)
1 (1.8)
1 (1.8)
1 (1.8)
1 (1.8)
1 (1.8)
1 (1.8)

Comparisons of the aspiration needle and ProCore
needle (in all patients)

Adequate for interpretation material was obtained
by the usage of at least one needle in 55/56 cases
(98.2%). The gastric antrum SET case (n = 1) allowed
no sufficient specimen collection in general. At least
one device correctly diagnosed 53 of the 55 eligible for
the assessment individuals (96.4%) with the exception
of pancreatic adenocarcinoma (n = 1) and pancreatic
lymphoma (n = 1). The collection of adequate material
by both needles was achieved in 50/56 cases (89.3%).
In 47 of them (94%), the cytological/histological analysis
results were in agreement, while in only 2 of these
patients (4.4%) both specimens yielded an incorrect
diagnosis (missed cases; pancreatic adenocarcinoma, n
= 1 and pancreatic lymphoma, n = 1) .
As shown in Table 3, there was no statistically
significant difference between the AN and the PC in
terms of the adequacy of specimens for the evaluation,
mean number of passes, mean cellularity score,
median specimen cytological or histological quality

26 (46.4)
16 (28.6)
6 (10.7)
8 (14.3)

1

Data available in 55/56 patients; 2Non-small-cell lung cancer (n = 1),
malignant melanoma (n = 1). EUS-FNA: Endoscopic ultrasound-guided
fine needle aspiration; NET: Neuroendocrine tumor; SMT: Submucosal
tumor; IPMN: Intraductal papillary mucinous neoplasm.

wrong diagnosis was reached in 6 patients. Missed
cases comprised pancreatic adenocarcinoma (n = 2),
inflammatory lymph nodes (n = 2), IPMN (n = 1), and
pancreatic lymphoma (n = 1). No procedure-related
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Table 3 Technical characteristics and outcomes of endoscopic ultrasound-guided fine needle aspiration with the 2 needles in all
patients (n = 56) and in patients with an available histological specimen (n = 36)
Characteristic

Type of needle (all cases/histology cases)

Needle passes, mean (SD)
Cellularity, mean (SD)
Cytologic/histologic quality, median (range)
Adequacy for diagnosis, n (%)
Correct diagnosis1, n (%)

AN (n = 56/36)

PC (n = 56/36)

1.5 (0.6)/1.5 (0.7)
1.7 (0.6)/1.7 (0.6)
2.6 (0-3)/ 3 (0-3)
54 (96.4)/35 (97.2)
48/54 (88.9)/30/35 (85.7)

1.7 (0.6)/1.7 (0.6)
1.1 (0.3)/1 (0)
2.4 (0-3)/3 (0-3)
51 (91.1)/36 (100)
49/51 (96.1)/34/36 (94.4)

P value
0.14/0.16
0.058/0.0342
0.083/0.49
0.38/0.99
0.25/0.25

1

When adequate for analysis material was obtained; 2Statistically significant difference (P < 0.05). A difference is considered as statistically significant if P <
0.05. AN: Aspiration needle; PC: ProCore needle.

[19,20]

of needle used, and number of needle passes
.
In almost all of these studies, the diagnosis rested
on cytological analysis. This appears to be well
established; however, cytological analysis suffers
from several principal limitations such as subjective
interpretation with the lack of a standardized secondopinion process as is usual in histopathology, different
categories with regards to the certainty of diagnosis
(“suspicious” results are mostly counted positive
in the respective studies), and further limitations
concerning tissue characterization. In this setting,
the complementary to routine cytology use of one
or more immunocytochemical markers as well as
flow cytometry (e.g., in lymphomas) seems to
improve diagnostic accuracy. Moreover, molecular
genetic analysis (e.g., assay for K-ras or p53 gene
mutations by RT-PCR), although currently not a
routine component of specimen analysis, increases
EUS-FNA sensitivity, especially in patients with small
tumors. These techniques may also serve the need for
individualized tumor therapy in the future.
Given the limitations of cytology and the additional
time and cost for the presence of a cytopathologist,
efforts for the acquisition of core tissues suitable for
histological analysis have been made leading to a
variety of technical modifications beyond increasing
needle size. Accordingly, an 18G FNA needle, a 19G
FNA needle with a modified suction technique, as
well as the Trucut device have been developed;
however, studies indicate a somewhat lower efficacy
[21-25]
when a transduodenal approach has to be used
.
To overcome this disadvantage, the core tissues
collected by EUS-FNA using standard 22G needles
[26-30]
have undergone histological assessment
. The
results of the respective studies varied, but showed
that adequate specimens for histology were recovered
in more than 80% of patients, histology demonstrated
good accuracy rates, and combined cytological and
histological analysis might be superior to either
method alone. With the exception of procedural times
and costs, no other significant difference between
these two material processing methods was described.
Aiming to procure larger tissue specimens that
enable histologic and immunophenotypic charac
terization, a novel needle device with side fenestration

Table 4 Sensitivity, specificity and diagnostic accuracy of the
2 needles for the diagnosis of malignancy

All lesions1
AN
PC
Pancreatic mass2
AN
PC
Lymph nodes3
AN
PC

Sensitivity

Specificity

Diagnostic
accuracy

91.5%
95.4%

71.4%
85.7%

88.9%
94.1%

88.5%
93.8%

100.0%
100.0%

89.2%
94.1%

100.0%
100.0%

60.0%
80.0%

84.6%
92.3%

1

Evaluable cases; AN: 54/56, PC: 51/56; 2Evaluable cases; AN: 37/38, PC:
34/38; 3Evaluable cases; both needles: 13/13. AN: Aspiration needle; PC:
ProCore needle.

score, rates of correct diagnosis, technical success
(100% in both) or complications (none in both).

Comparison between the aspiration needle and ProCore
needle (in patients with available histology)

In the 36 patients in whom histological material was
obtained with PC, AN achieved better mean cellularity
score (P = 0.034). Differences regarding the adequacy
of specimens for evaluation, mean number of passes,
median specimen quality score, rates of correct
diagnosis, technical success, and complications were of
no statistical importance (Table 3).
Table 4 summarizes the results of the two needles
and provides separate data on pancreatic mass and
lymph node subgroups.
Figures 2 and 3 present various lesions as shown
during EUS, including their appearance in the cytologi
cal/histological analysis.

DISCUSSION
EUS-FNA has been established as a safe and efficient
technique for the diagnosis of solid lesions accessible
from the upper gastrointestinal tract. Many prospective
and retrospective series have reported reliable
sensitivity, specificity, and overall diagnostic accuracy,
mostly depending on the methodological factors,
including on-site cytopathological evaluation, type
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A

B

C

Figure 2 Endoscopic ultrasound and cytology images from various lesions. A: Adenocarcinoma of the pancreatic head. Cytology shows a cluster of carcinoma
cells with crowding and nuclear pleomorphism with anisokaryosis and prominent nucleoli (Pap test); B: Neuroendocrine tumors (insulinoma) of the pancreas
Cytology shows a group of small monomorphic cells with uniform round nuclei and fine chromatin; C: Pancreatic metastasis of malignant melanoma: Cytology shows
pleomorphic tumor cells with anisokaryosis and a high nuclear-to-cytoplasmic ratio. Positive staining for melanoma antigen recognized by T-cells-1.

A

B

C

Figure 3 Endoscopic ultrasound and histology images from various lesions. A: Lymph node metastases of a pancreatic adenocarcinoma. Histology
shows pleomorphic carcinoma cells with anisokaryosis, high nuclear-to-cytoplasmic ratio and prominent nucleoli [hematoxylin-eosin (HE) staining]; B: Gastric
gastrointestinal stromal tumors originated from the muscle layer. Histology shows interlacing fascicles of uniform spindle cells with cigar-shaped nuclei (HE). Diffuse
immunhistochemical positivity for CD117; C: Neuroendocrine tumors located in the pancreatic body. Histology shows sheets with rosettes of small to medium-sized,
monomorphic cells with round, uniform nuclei and fine chromatin (HE staining). Immunohistochemical MIB1-proliferation rate: 80%.
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Table 5 Published comparative trials regarding EchoTip ProCore needle performance
Ref.

Design

Witt et al[32]

No. of lesions

RCT

Bang et al[34]

RCT

Lee et al[35]

RCT

Hucl et al[36]

RCT

Mavrogenis et al[37]

RCT

Vanbiervliet et al[39]

RCT

Kim et al[40]

RCT

Alatawi et al[41]

RCT

Needles

PC 22G vs AN
22G
32 punctured by
Pancreas PC 22G vs AN
both needles
22G
28 per needle type Pancreas PC 22G vs AN
22G
58 per needle type Pancreas PC 22/25G vs
AN 22/25G
145 punctured by
Diverse PC 22G vs AN
both needles
22G
28 punctured by Pancreas + PC 25G vs AN
both needles
LNs
22G
80 punctured by
Pancreas PC 22G vs AN
both needles
22G

Retrospective 18 per needle type

Strand et al[33]

Target

10 with AN, 12
with PC
50 per needle type

Diverse

SET
Pancreas

PC 22G vs AN
22G
PC 22G vs AN
22G

Diagnostic
yield

Sample adequacy

Comments

Equivalent

Equivalent

PC: fewer passes needed

AN > PC

Equivalent

Equivalent

Equivalent

Equivalent

N/A

Equivalent

Equivalent

Equivalent

Equivalent

Equivalent

Cytology:
equivalent
Histology: PC >
AN
PC > AN

Only 2 passes with PC vs 5 with AN,
PC technical failure in 16 cases
On-site cytopathologist, needles of
different manufactures
On-site cytopathologist, PC: fewer
passes needed
Only histology, PC: fewer passes
needed
Different needle gauges, “slow pull”
sampling technique
Only 1 pass with PC vs 2 with AN

PC > AN
Equivalent

Only histology, PC: fewer passes
needed
Equivalent,
Equivalent results after 2 passes with
cellularity: PC >
PC vs 3 with AN
AN

PC: ProCore needle; AN: Aspiration needle; RCT: Randomized controlled trial; SET: Subepithelial tumors; LNs: Lymph nodes.
[40]

has been recently introduced (EchoTip ProCore).
Initially, a 19G version became commercially available,
followed by 22G and most recently 25 G. With respect
to the 22G PC, the published case series report rates
of adequate material for histologic analysis between
52.9% and 88.5% and overall diagnostic accuracy
[13,15,16]
from 82% to 89%
. To enhance its role, a
recently published study equals two passes using this
reverse-beveled needle with the current gold-standard
[31]
of FNA with on-site cytopathology assessment .
In our randomized study, we directly compared the
performance of PC against standard AN (both 22G)
on the basis of adequacy of obtained material for
subsequent analysis (either cytological or histological)
and the ability to provide a correct diagnosis. Although
the utilization of both needles appeared technically
feasible in all cases, we failed to demonstrate any
statistically significant difference between the PC
and AN in terms of the adequacy of tissue for the
evaluation and rates of correct diagnosis. Moreover,
no significant differences were encountered regarding
the number of needle passes, specimen cellularity and
quality scores and complication rates.
Our results are in line with those of most studies
comparing the 22G version of the two needles (Table
[32-37]
5)
and a recently published meta-analysis of nine
[38]
comparative studies . On the contrary, Vanbiervliet
[39]
et al
reported in 2014 the significant superiority
of the aspiration needle in both overall (cytology and
histology) and solely histology adequacy in pancreatic
lesions. However, this study is biased in favor of AN
since two passes with this needle are compared with
only one pass with the PC. In contrast, the PC achieved
better adequacy when sampling subepithelial tumors,
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according to Kim et al .
The mean number of needle passes needed to
achieve a satisfactory specimen did not differ in the
present study. This finding opposes that of most
similar studies that favor the PC device for fewer
[32,35,36,39,41]
passes to achieve an adequate specimen
.
Interestingly, our number of needle passes was much
lower than that recommended in several EUS-FNA
studies, although it did not lead to substantially lower
[6,42]
accuracies
.
The present study has several strengths, including
its prospective randomized design, uniform sampling
method for both needles, use of needles from the same
manufacturer, and head-to-head comparisons that
allow for improved statistical validity. Nevertheless, it
also bears some limitations. Firstly, there was only one
participating center. Secondly, the endoscopists could
not be blinded for the needle due to obvious reasons.
Thirdly, we enrolled patients with diverse lesion
locations. Fourthly, the number of participant is rather
small. Fifthly, the lack of an on-site cytopathologist,
such as in most of the non-american series and daily
routine procedures, may have prevented the optimal
initial assessment and processing of the obtained
material. Finally, the material obtained with either
needle was subject to different preparation procedures
- histology can only be attempted with the PC needle
and, therefore, possible technical biases may have
occurred. On the other hand, the aim of the PC needle
is to add histology to the diagnostic armamentarium
of EUS-FNA. We could show that this contributed very
little to the overall diagnostic accuracy.
Our results may be of limited generalizability given
the above mentioned methodological factors. However,
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future use of EUS-FNA as a safe and established method of tissue acquisition,
as well as make the needle type choice an easier decision.

they definitely add to the existing body of available
literature showing that the two needles do not differ
significantly concerning overall technical and diagnostic
performance. Keeping that in mind, endoscopists
could possibly base the choice of needle type for EUSFNA on other parameters (i.e., availability, cost, and
procedural times).
In conclusion, our study pointed out that, when
compared to the standard 22G FNA needle, the reversebeveled PC of the same gauge yielded a similar overall
diagnostic accuracy and performed equally in terms of
the sample adequacy for cytological analysis, quality
and cellularity of the obtained specimens. This is in line
with the majority of published comparative studies. No
significant differences regarding the needed number
of passes, technical feasibility, and complications were
addressed. The overall contribution of histology to the
diagnosis with the PC needle was limited.
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Core tip: Current estimates suggest that annual
incidence of progression from low grade dysplasia
(LGD) to high grade dysplasia and/or esophageal
adenocarcinoma is 0.5% to 4% per year. Current
estimates are based on diagnosis made by one
pathologist. Recent studies indicate that when the
diagnosis of LGD is made by two or more expert
pathologists, LGD progression is grossly underestimated.
When LGD is diagnosed by consensus agreement
of two or more expert pathologists, its progression
towards malignancy seems to be at least three times
the current estimates, however it could be up to 20
times the current estimates. Biopsies of all Barrett’s
esophagus patients with LGD should be reviewed by
two expert gastroenterology pathologists. Follow-up
strict surveillance programs should be in place for these
patients.

Abstract
AIM
To evaluate annual incidence of low grade dysplasia
(LGD) progression to high grade dysplasia (HGD) and/
or esophageal adenocarcinoma (EAC) when diagnosis
was made by two or more expert pathologists.
METHODS
Studies evaluating the progression of LGD to HGD or
EAC were included. The diagnosis of LGD must be made
by consensus of two or more expert gastrointestinal
pathologists. Articles were searched in Medline, Pubmed,
and Embase. Pooled proportions were calculated using
fixed and random effects model. Heterogeneity among
2
studies was assessed using the I statistic.

Moole H, Patel J, Ahmed Z, Duvvuri A, Vennelaganti S, Moole
V, Dharmapuri S, Boddireddy R, Yedama P, Bondalapati N,
Uppu A, Vennelaganti P, Puli S. Progression from low-grade
dysplasia to malignancy in patients with Barrett’s esophagus
diagnosed by two or more pathologists. World J Gastroenterol
2016; 22(39): 8831-8843 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i39/8831.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i39.8831

RESULTS
Initial search identified 721 reference articles, of which
53 were selected and reviewed. Twelve studies (n =
971) that met the inclusion criteria were included in
this analysis. Among the total original LGD diagnoses
in the included studies, only 37.49% reached the
consensus LGD diagnosis after review by two or more
expert pathologists. Total follow up period was 1532
patient-years. In the pooled consensus LGD patients,
the annual incidence rate (AIR) of progression to HGD
and or EAC was 10.35% (95%CI: 7.56-13.13) and
progression to EAC was 5.18% (95%CI: 3.43-6.92).
Among the patients down staged from original LGD
diagnosis to No-dysplasia Barrett’s esophagus, the AIR
of progression to HGD and EAC was 0.65% (95%CI:
0.49-0.80). Among the patients down staged to
Indefinite for dysplasia, the AIR of progression to HGD
and EAC was 1.42% (95%CI: 1.19-1.65). In patients
with consensus HGD diagnosis, the AIR of progression
to EAC was 28.63% (95%CI: 13.98-43.27).

INTRODUCTION
Barrett’s esophagus (BE), first described in 1950, is a
condition in which the normal esophageal squamous
epithelium is replaced by columnar epithelium in a
[1]
process known as metaplasia . The development
of esophageal adenocarcinoma (EAC) occurs when
BE progresses through dysplasia. Dysplasia in BE
is classified as either low grade dysplasia (LGD) or
high grade dysplasia (HGD). The populations at risk
for developing BE include individuals with chronic
gastroesophageal reflux disease (GERD), obesity, male
[2-4]
gender, have a smoking history, and are Caucasian .
The epidemiology of BE varies greatly owing to
advancements in knowledge, diagnostic approach,
and surveillance strategies. BE is prevalent in
10%-20% of patients with GERD, 2%-7% of general
population, and incidence is between 23.1 and 32.7
[5-11]
per 100000
. The risk of progression to malignancy
has been found to be lower in Barret’s esophagus
[12-14]
without dysplasia
. Indefinite for dysplasia (IDBE),
indicating no clear evidence of dysplasia, poses an
additional diagnostic challenge. Increasing dysplasia
levels were associated with increased detection of
malignancy in a greater number of patients in shorter
[8]
time intervals .
Further epidemiological analysis has been per
formed in BE patients assessing the incidence of
progression from LGD to HGD and/or progression
to EAC. The rate of progression is also variable and

CONCLUSION
When LGD is diagnosed by consensus agreement
of two or more expert pathologists, its progression
towards malignancy seems to be at least three times
the current estimates, however it could be up to 20
times the current estimates. Biopsies of all Barrett’s
esophagus patients with LGD should be reviewed by
two expert gastroenterology pathologists. Follow-up
strict surveillance programs should be in place for these
patients.
Key words: Barrett’s esophagus; Low grade dysplasia;
High grade dysplasia; Esophageal adenocarcinoma;
Annual incidence of progression; Systematic review;
Meta-analysis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Data collection and extraction

has been reported to be between 0.5% to 4% per
[10,11]
year
. This wide range of progression incidence
is primarily attributed to inter-observer variability in
the assessment amongst the reading pathologists.
Although LGD has been clearly defined by its
histological features, there is a substantial subjective
component involved in making the diagnosis. Recent
studies indicate the progression of LGD is grossly
underestimated. This may be attributed to the
expertise of the reading pathologist, in addition to
the number of pathologists assessing the biopsies.
Given the concern for the risk of progression, accurate
assessment of dysplasia is vital for appropriate
risk stratification and surveillance strategies. Large
statistical analyses have been conducted on the
progression of LGD diagnosed by single pathologists.
However, there is no statistical analyses in the form of
meta-analysis evaluating LGD progression diagnosed
by two or more expert pathologists.
The recognition of BE and prevention of progression
to esophageal adenocarcinoma is quickly becoming
a national public health concern. EAC incidence has
more than quadrupled over the last few decades, and
is alarmingly becoming a leader for cancer mortality.
The aim of this systematic review and meta-analysis
was to evaluate annual incidence of LGD progression
(to HGD and/or EAC) when the diagnosis was made
by two or more expert pathologists. Primary outcomes
are to evaluate the annual incidence rate (AIR) of HGD
and EAC in patients with LGD, diagnosed by consensus
agreement of two or more expert gastroenterology
pathologists. Secondary outcomes are to evaluate the
AIR of HGD and EAC in patients down staged to No
dysplasia in Barrett’s esophagus (NDBE) and Indefinite
for dysplasia in Barrett’s esophagus (IDBE) from the
original LGD diagnosis. AIR of EAC from HGD was also
evaluated. A sub-group meta-analysis was performed
on prospective studies only, evaluating the same
variables.

The study design was written in accordance to
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement. Articles were
systematically searched in Medline, PubMed, Ovid
journals, EMABSE, Cumulative Index for Nursing
and Allied Health Literature, ACP journal club, DARE,
International Pharmaceutical Abstracts, old Medline,
Medline nonindexed citations, OVID Healthstar, and
Cochrane Central Register of Controlled Trials. The
search was performed for the years 1966 to June
2016. Abstracts were manually searched in the major
gastroenterology journals for the past 3 years. Study
authors for the abstracts included in this analysis
were contacted when the required data for the
outcome measures could not be determined from the
publications. The MeSH search headings used were
“barrett’s esophagus”, “barrett’s oesophagus”, “low
grade dysplasia”, “high grade dysplasia”, “esophageal
adenocarcinoma”, “oesophageal adenocarcinoma”.
The reference lists of the included studies were
manually searched for any relevant publications.
Two authors (HM and VM) independently searched
and extracted the data into an abstraction form. Any
differences were resolved by mutual agreement. If the
disagreement persisted, the final decision was made
by a third author (SP) after reviewing the relevant
information. The agreement between reviewers for
the collected data was quantified using the Cohen’s
[15]
κ . Data was extracted from the selected studies and
entered into a standardized data collection form. The
following variables were recorded: name and year of
study; country where study was performed; type of
study; age in years-median; male/female distribution
in percentage; total number of patients included;
source of patient registry; diagnosis criteria for LGD;
esophageal biopsy information (endoscopic details
regarding the site of biopsies and pathology details
regarding the methods of fixing the biopsy slide);
number of patients with original LGD diagnosis (made
by a single pathologist); follow-up period in months
(median); follow up period in patient years; number of
patients with a consensus diagnosis of LGD; number
of patients with a consensus diagnosis of HGD at the
beginning of study; AIR (expressed as percent) for
HGD and EAC in consensus LGD patients; AIR for EAC
only in consensus LGD patients; AIR for EAC only in
consensus HGD patients; AIR for HGD and EAC in
patients down staged to NDBE; AIR for HGD and EAC
in patients down staged to IDBE.

MATERIALS AND METHODS
Study selection criteria

Studies that evaluated the progression of LGD to HGD
or EAC were included in this analysis. The diagnosis
of LGD must be made by consensus agreement of
two or more expert gastroenterology pathologists.
Studies that evaluated patients with an original
diagnosis of EAC were excluded. Patients with prior
surgery or procedural interventions for EAC/LGD/HGD
management were also excluded. We included both
prospective and retrospective studies. Studies without
original data, perspective articles, review articles, and
expert opinions were excluded from this meta-analysis.
Only full text articles, peer reviewed and published in
international journals were included in this analysis. If
there were duplicate studies, the most complete and
latest study was included in this meta-analysis.

WJG|www.wjgnet.com

Definitions

For the purpose of this meta-analysis, we have
used definitions that are most widely accepted by
various gastroenterology organizations and that
were used in most of the studies included in this
analysis. Barrett’s esophagus was defined as any red
colored epithelium visible on endoscopy, above the
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Initial search gave 721
potential articles

668 articles did not
evaluate progression of
LGD to malignancy

Refining search gave
53 relevant articles

12 studies met the
inclusion criteria

10 studies were included
in qualitative and
quantitative synthesis

weight to that study. The heterogeneity among
studies was tested using I2 statistic and Cochran’s Q
[22]
test based upon inverse variance weights . I2 of 0–
39% was considered as non-significant heterogeneity,
40%-75% as moderate heterogeneity, and 76%-100%
as considerable heterogeneity. If P value is > 0.10,
it rejects the null hypothesis that the studies are
heterogeneous. The effect of publication and selection
bias on the summary estimates was tested by both
[23]
Harbord-Egger bias indicator and Begg-Mazumdar
[24]
bias indicator . Also, funnel plots were constructed
[25,26]
to evaluate potential publication bias
. Microsoft
Excel 2013 software was used to perform statistics for
this meta-analysis. Subgroup analysis was performed
on prospective studies evaluating the AIR of HGD and
EAC in confirmed LGD patients.

38 studies did not meet
inclusion criteria
1 studies did not have data for
extraction.
2 studies were abstracts
without full manuscript.

Figure 1 Flow diagram: Search results.

lower esophageal sphincter/proximal end of gastric
folds, biopsies of which reveal intestinal metaplasia.
The progression of BE towards malignancy was
classified into “no dysplasia”, “indefinite for dysplasia”,
“low grade dysplasia”, “high grade dysplasia” and
“adenocarcinoma”. This classification is in accordance
with Vienna classification of gastrointestinal epithelial
[16]
neoplasia . Original LGD/HGD diagnosis refers to the
patients labelled as having LGD/HGD diagnosed by a
single pathologist. Consensus or Confirmed LGD/HGD
diagnosis refers to the patients actually having LGD/
HGD after two or more expert pathologists reviewed
the biopsies and agreed upon the diagnosis.

RESULTS
Study selection

Initial search identified 721 reference articles, in
which 53 articles were selected and reviewed. Data
[10,27-37]
was extracted from 12 studies
(n = 971)
that evaluated the progression of LGD towards
malignancy. All the studies are published as full text
articles. Figure 1 shows the flow diagram of search
results. All the pooled estimates given are estimates
calculated either by fixed or random effects model.
Fixed effect model was preferred when heterogeneity
was low and random effect model was preferred
when heterogeneity was high. Among the 12 studies
[10,28,30,32-34,36]
included in this analysis, seven studies
initially selected patients with LGD diagnosis made
by single pathologist, however was reviewed later by
two or more expert pathologists to make confirmation
diagnosis after a consensus. Remainder of the five
studies directly included patient with confirmed
diagnosis of LGD/HGD. Eight studies out of the 12
[27-34]
studies were retrospective studies
, the others
were prospective studies. Subgroup analysis was
[10,35-37]
performed on all prospective trials
. The included
studies were distributed all over the world. Most
patient registries of the included studies were specialist
[29,32,36]
center based, except three studies
that included
[29]
patients from community based cohorts. One study
included patients from both specialist center and
community based registries. Patients in individual
studies were on optimal proton pump inhibitor therapy
(PPI) – once or twice daily regimen.
The total number of patients included in this
meta-analysis is 971. Nine hundred and seventy-one
represents total number of original and confirmed
LGD cases. However, the total number of confirmed
LGD cases after consensus by two or more expert
pathologists is 418, with a predominantly male
population (72%). Among the total original LGD
diagnoses in the included studies, only 37.49%
(95%CI: 25.72-50.1) [I² (inconsistency) = 89.7%
(95%CI: 81.2%-93.3%), Egger: bias = 4.66 (95%CI:

Quality of studies

Clinical trials designed with a control and treatment
arms can be assessed for quality of the study. A
number of criteria have been used to assess this
quality of a study (e.g., randomization, selection bias
of the arms in the study, concealment of allocation,
and blinding of outcome). Jadad score was used to
evaluate the quality of randomized studies. Cochrane
Collaborations and the Quality of Reporting of Metaanalysis guidelines were followed to assess the quality
[17,18]
of studies
. Quality of nonrandomized studies
included in this meta-analysis was assessed using
[19]
Newcastle-Ottawa Scale .

Statistical methods

This meta-analysis was performed by calculating
pooled proportions. First the individual study pro
portion of annual incidence rates of HGD and EAC,
consensus LGD diagnosis, etc., was transformed into
a quantity using Freeman-Tukey variant of the arcsine
square root transformed proportion. The pooled
proportion is calculated as the back-transform of the
weighted mean of the transformed proportions, using
inverse arcsine variance weights for the fixed effects
model and DerSimonian-Laird weights for the random
[20,21]
effects model
. Forest plots were drawn to show
the point estimates in each study in relation to the
summary pooled estimate. The width of the point
estimates in the Forest plots indicates the assigned
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Table 1 Basic characteristics of the included studies
Ref.

Country

Picardo et al[27] 2015
Ireland
Duits et al[28] 2014
Netherlands
von Rahden et al[29] 2008
Germany
Lim et al[30] 2007
United Kingdom
Vieth et al[31] 2006
Germany
Basu et al[32] 2004
United Kingdom
Montgomery et al[33] 2001
United States
Skacel et al[34] 2000
United States
Younes et al[35] 2011
United States
Wani et al[10] 2011
United States
Curvers et al[36] 2010
Netherlands
Srivastava et al[37] 2007
United States

Type Age: years - Sex: Male%
Median

R
R
R
R
R
R
R
R
P
P
P
P

59
63
59
67
61
74
65
67
NA
61
59
64

67%
76%
72%
80%
68%
74%
72%
84%
NA
85%
67%
91%

N LGD Follow up
prior to
- median panel review
months
NA
293
NA
34
NA
16
26
25
NA
210
147
NA

50
39
24
96
54
60
24
26
35
74
51
25

Follow up - N LGD (after N HGD (after
Patient years panel review) panel review)
consensus
consensus
diagnosis
diagnosis
354.17
256.75
114.00
112.00
85.50
50.00
30.00
36.83
81.67
252.83
93.50
64.58

85
79
57
14
19
10
15
17
28
41
22
31

60
NA
NA
1
10
3
15
NA
NA
NA
NA
46

R: Retrospective; P: Prospective; NA: Not available.

[33]

and Montgomery et al
with an AIR 26.7%). AIR
for HGD and EAC, calculated after exclusion of these
two studies was 10.17 (95%CI: 7.59-12.75). I²
(inconsistency) = 96%, Egger: bias = 7.80 (95%CI:
1.67-13.95), P = 0.02.
In pooled patient population, progression of
confirmed LGD to EAC only was 5.18% (95%CI:
3.43-6.92). Date for this variable was available only in
[10,27,30-34,37]
eight studies
. Bias indicators for this variable
were: Begg-Mazumdar: Kendall’s tau b = 0.79, P =
0.0055; Egger: bias = 7.54 (95%CI: 3.03-12.05)
P = 0.0064. I² (inconsistency) = 96.9% (95%CI:
95.9%-97.6%).

1.40-7.91), P = 0.01] reached the consensus
LGD diagnosis after review by two or more expert
pathologists. Median age of the patients was 65 years.
Table 1 shows the baseline characteristics of the
studies. Table 2 shows other key characteristics of the
individual studies. In summary, the methods used to
diagnose confirmed LGD cases in all the studies were
mostly similar. Two or more pathologists had to review
the biopsies and come to an agreement regarding
the diagnosis of LGD. Biopsies were obtained from
four quadrants at at-least 2 cm intervals all along
the length of Barrett’s esophagus. Hematoxylin Eosin
staining of paraffin/formalin/Hollande’s embedded
2
biopsy specimens was used. The P for χ heterogeneity
for all the pooled accuracy estimates was > 0.10. The
agreement between reviewers for the collected data
gave a Cohen’s κ value of 1.0. The follow up period
in individual studies ranged from 24-96 mo. Median
follow up period was 50 mo. Cumulative follow up
period in all the included studies was 1532 patient
years.

Annual incidence rate of EAC transformation in
confirmed HGD

Four studies enrolled confirmed HGD cases into their
[30,32,33,37]
patient population
. These patients were
followed up to assess the rate of transformation into
EAC. Total patients included in this analysis was 65,
with a predominantly male population (74%). Median
age of the patients was 65 years. In patients with
consensus HGD diagnosis, the AIR of progression
to EAC was 28.63 (95%CI: 13.98-43.27). I²
(inconsistency) = 95.1%. Egger: bias = 7.65 (95%CI:
-20.61-35.92), P = 0.36. Figure 4 is a forest plot
representing the pooled and individual AIR for EAC
transformation in confirmed HGD patients.

Annual incidence rate of malignant transformation in
confirmed LGD

Malignant transformation of LGD includes transforma
tion into HGD and or EAC. In the pooled consensus
LGD patients, the AIR of progression to HGD and EAC
was 10.35% (95%CI: 7.56-13.13). Bias indicators
for this variable were: Begg-Mazumdar: Kendall’s tau
b = 0.27, P = 0.25; Egger: bias = 10.22 (95%CI:
5.42-15.03), P = 0.0008. Heterogeneity for this
variable was assessed using I² (inconsistency) =
98.4% (95%CI: 98.1%-98.6%). Figure 2 is a forest
plot representing the pooled and individual AIR
for malignant (HGD and or EAC) transformation in
confirmed LGD patients. Figure 3 is a funnel plot
assessing the publication bias for same variable. Due
to significant heterogeneity among the studies, we
have attempted to exclude two studies that were
[10]
extreme outliers (Wani et al
with an AIR 0.84%
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Annual incidence rate of malignant transformation in
down staged LGD

Original diagnosis of LGD, after review by two or
more expert pathologists was either confirmed as
LGD after consensus or was down staged to one of
the two: NDBE or IDBE. In patients down staged to
[27-31,33-35,36]
NDBE, data was available from nine studies
.
AIR of malignant transformation (HGD and or EAC)
in confirmed NDBE patients after down staging was
0.65% (95%CI: 0.49-0.80). I² (inconsistency) =
38.4%. Egger: bias = -1.94 (95%CI: -4.69-0.83),
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Table 2 Key characteristics of individual studies
Study

Patient registry

Diagnosis method of LGD

[27]

Picardo et al
2015
Duits et al[28]
2014
von Rahden et
al[29] 2008

Specialist center based Expert pathologist panel: 2 pathologists required
registry
to make diagnosis
Specialist center based Expert pathologists panel: At-least 2 pathologists
registry
required to make diagnosis
Specialist center and
Expert pathologists panel: 3 pathologists
Community population
required to make diagnosis
based registry
Lim et al[30] 2007 Specialist center based
Expert pathologists panel: 5 pathologists
registry
required to make diagnosis
Vieth et al[31]
Specialist center based
Biopsies assessed twice by two pathologists in a
2006
registry
blinded fashion
Basu et al[32]
Community based cohort
Experienced gastrointestinal pathologist
2004
assessed histological sections, with confirmation
by a colleague if high-grade dysplasia or worse
was suspected. All cases of low-grade dysplasia
were reviewed at a regular gastrointestinal
histopathology meeting
Montgomery et
Specialist center based
Expert pathologists panel: 12 pathologists
al[33] 2001
registry
required to make diagnosis - reviewed blindly
twice by each pathologist
Skacel et al[34]
2000

Younes et al[45]
2011
Wani et al[10]
2011

Curvers et al[36]
2010

Srivastava et
al[37] 2007

Biopsy details
Four-quadrant biopsies every 1 cm of Barrett's esophagus
H&E stained slides of paraffin embedded biopsy specimens
Multiple biopsies at different levels of Barrett’s esophagus

Four to ten (sometimes more) biopsies taken from Barrett's
area. Hematoxylin and eosin staining
Four biopsies every 2 cm in relation to the Barrett’s
esophagus length
2-cm interval quadrantic biopsies in the entire length of
Barrett’s esophagus

Multiple biopsies at different levels of Barrett’s esophagus.
Submitted biopsy specimen had to show the worst lesion
that the patient was known to have at the time of the initial
known endoscopy
Specialist center based
Expert pathologists panel: LGD cases were
Four-quadrant biopsies taken using jumbo forceps at
registry
randomized and blindly reviewed by three
intervals of < 2 cm throughout the length of the Barrett’s
gastrointestinal pathologists
segment, with additional biopsies of any endoscopic
lesions. All biopsy specimens had been fixed in formalin or
Hollande’s solution
Specialist center based Expert pathologist panel: 2 pathologists required Biopsies from two or more levels in barrett's esophagus.
registry
to make diagnosis
Hematoxylin-eosin–stained sections of formalin-fixed and
paraffin-embedded tissue
Specialist center based
Consensus diagnosis among two or more
At least 4 quadrant biopsies every 2 cm with either a
registry
pathologists: defined as agreement between
standard or jumbo biopsy forceps. Hematoxylin Eosin
the local GI pathologist and expert central
stained slides of paraffin-embedded biopsy specimens
pathologists
Community based cohort Expert pathologist panel: 2 pathologists required
All visible abnormalities were sampled, followed by
to make diagnosis
random sampling of the Barrett segment in four quadrants
every 2 cm. Hematoxylin and eosin stained slides of
paraffin-embedded biopsy specimens
Specialist center based
Expert pathologists panel: 3 pathologists
Four-quadrant endoscopic esophageal mucosal biopsies
registry
required to make diagnosis
were obtained at every 1–2 cm. All four-quadrant
Hollande’s or formalin fixed biopsies were embedded into
one paraffin block and serial 4 µm thick tissue sections
were cut and stained with hematoxylin and eosin

P = 0.14. Figure 5 is a forest plot representing the
pooled and individual AIR for malignant transformation
in confirmed NDBE patients. Figure 6 is a funnel plot
assessing the publication bias for same variable.
[27,28,35,36]
IDBE data was available in four studies
.
Among the patients down staged to IDBE, the AIR of
progression to HGD and or EAC was 1.42% (95%CI:
1.18-1.65). I² (inconsistency) = 97.9%. Egger: bias
= 6.48 (95%CI: -59.45-72.41), P = 0.71. Figure 7 is
a forest plot representing the pooled and individual
AIR for malignant transformation in confirmed IDBE
patients.

population (67%). Median age of the patients was 61
years. In the subgroup analysis of prospective studies,
AIR of malignant (HGD and or EAC) transformation
in confirmed LGD patients was 7.98 (95%CI:
3.64-12.31). I² (inconsistency) = 98.4%. Egger: bias
= 11.49 (95%CI: 7.46-15.53), P = 0.006. Figure 8
is a forest plot representing the pooled and individual
AIR for malignant (HGD and or EAC) transformation in
confirmed LGD patients.

DISCUSSION
There is a wide variation in the incidence of adeno
carcinoma stemming from Barrett’s esophagus in the
current literature. Existing endoscopic surveillance
studies show anywhere from 1 in 52 to 1 in 441
patient-years of surveillance. The lack of large
prospective studies makes it difficult to determine

Subgroup analysis of prospective studies

Subgroup analysis was performed on all prospective
[10,35-37]
trials
. Four studies were included in this
analysis. The total number of patients included in
this subgroup was 122, with a predominantly male
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Effect size meta-analysis plot (random effects)

Picardo et
Duits et
von Rahden et
Lim et
Vieth et
Basu et
Montgomery et
Skacel et
Younes et
Wani et
Curvers et
Srivastava et

al
al
al
al
al
al
al
al
al
al
al
al

2015
2014
2008
2007
2006
2004
2001
2000
2011
2011
2010
2007
0
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30

40

DL pooled effect size = 10.344883 (95%CI = 7.56062-13.129146)

Figure 2 Forest plot representing the pooled and individual annual incidence rate for malignant (high grade dysplasia and/or esophageal adenocarcinoma)
transformation in confirmed low grade dysplasia patients.

intervals should also be based on the cancer incidence
of that specific region.
Another factor affecting surveillance intervals and
the true rate of progression to adenocarcinoma is
interobserver variability in grading dysplasia. Outcomes
[33]
in a study by Montgomery et al , support that IDBE
and LGD should have identical surveillance and follow
up as they had similar frequencies of development
of adenocarcinoma, but IDBE was slower to progress
than LGD by at least 42 mo. Increasing dysplasia was
also associated with increased frequency of ulcers
found on exam. The study found that approximately
1 of 50 patients with Barrett’s esophagus without
dysplasia progressed to HGD at approximately 6
years. Conversely, those with any grade of dysplasia
or evidence of ulceration should be followed up in
shorter intervals. They further concluded that criteria
for the diagnosis of dysplasia are reliable. Patients with
Barrett’s esophagus without dysplasia may be followed
with endoscopy and biopsies every few years while
those with IDBE, any grade of dysplasia, or evidence
of ulceration require shorter follow up intervals.
Dysplasia is diagnosed when epithelial atypia also
[44]
involves the surface epithelium . In cases where the
surface epithelium is denuded, uninvolved, or unable to
be evaluated, the grading is changed to indeterminate
[45]
dysplasia or indefinite for dysplasia (IDBE) . Younes
[35]
et al demonstrated with statistical significance that
patients with an initial biopsy diagnosis of either IDBEMultifocal, LGD, or LGD-Multifocal were more likely to
progress to HGD than those with an initial diagnosis
of NDBE or IDBE. Unfortunately, there exists a large
breadth of interobserver variability, especially in IDBE,
where there are no clear guidelines for diagnosis.
Interobsever variability may result in under[33]
diagnosis, such as in the study by Montgomery et al
or in over-diagnosis as demonstrated in the study by
[36]
[36]
Curvers et al . In Curvers et al
over 75% of cases

Bias assessment plot

0

Standard error

1

2

3

4
-10

0

10

20

30

Effect size

Figure 3 Funnel plot assessing for publication bias (annual incidence rate
for malignant transformation in confirmed low grade dysplasia patients).

the efficacy and cost-effectiveness of widespread
surveillance programs, and thus there is a large
[38-41]
discrepancy between surveillance programs
.
[32]
Basu et al
conducted a retrospective analysis of the
Barrett’s epithelium surveillance database to assess
the utility of a surveillance program and to determine
the natural incidence of dysplasia in this population.
The overall prevalence of LGD in the 5-year period was
7.2%, with an annual incidence of 1.4%. None of these
patients progressed to HGD. This study disagreed
[42]
with the previous study by van Sandick et al , who
concluded an increased progression to HGD from the
initial low grade population. The disagreement may
be due to study limitations including small sample
size and short duration of follow up in the study by
[32]
Basu et al . Overall, this study concluded that annual
endoscopic surveillance showed little reward, but
[43]
there are variations among regions and surveillance
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Effect size meta-analysis plot (random effects)

Lim et al 2007
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Srivastava et al 2007
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   DL pooled effect size = 28.626136 (95%CI = 13.982327-43.269945)

Figure 4 Forest plot representing the pooled and individual annual incidence rate for esophageal adenocarcinoma transformation in confirmed high grade
dysplasia patients.
Effect size meta-analysis plot (fixed effects)

Picardo et al 2015
Duits et al 2014
von Rahden et al 2008
Lim et al 2007
Vieth et al 2006
Montgomery et al 2001
Skacel et al 2000
Younes et al 2011
Curvers et al 2010

-1
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   Pooled effect size = 0.645543 (95%CI = 0.489585-0.801401)

Figure 5 Forest plot representing the pooled and individual annual incidence rate for malignant (high grade dysplasia and/or esophageal adenocarcinoma)
transformation in confirmed No dysplasia in Barrett’s esophagus patients.

with previously diagnosed low grade dysplasia were
downgraded to NDBE, which were shown to have an
incidence rate of 0.49% per patient year. This is in
[33]
contrast to the study by Montgomery et al
in which
pathologists rated IDBE despite marked atypia to avoid
over-diagnosis. Also, a true diagnosis of low grade
dysplasia, which is defined here as one diagnosed
by an expert panel of pathologists, carries a 13.4%
incidence of progression per patient year. Though
low grade dysplasia may be over-diagnosed, those
cases which are confirmed by a consensus diagnosis
with a panel of expert pathologists should not be
underestimated and warrant close follow-up.
[28]
Duits et al
conducted a large, retrospective
cohort which studied the incidence rates of HGD and
EAC in patients diagnosed with LGD by an expert
panel of pathologists. Seventy-three percent of the
initial community cohort of patients were downgraded
to a diagnosis of IDBE or NDBD. When the diagnosis

Bias assessment plot

Standard error

0.1

0.2

0.3

0.4
-0.5

-0.1

  

0.3

0.7

1.1
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Effect size

Figure 6 Funnel plot assessing for publication bias (annual incidence
rate for malignant transformation in confirmed No dysplasia in Barrett’s
esophagus patients).

WJG|www.wjgnet.com

8838

October 21, 2016|Volume 22|Issue 39|

Moole H et al . Low grade dysplasia in Barrett’s esophagus
Effect size meta-analysis plot (fixed effects)
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Figure 7 Forest plot representing the pooled and individual annual incidence rate for malignant (high grade dysplasia and/or esophageal adenocarcinoma)
transformation in confirmed Indefinite for dysplasia in Barrett’s esophagus patients.
Effect size meta-analysis plot (random effects)
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Figure 8 Forest plot representing the pooled and individual annual incidence rate for malignant (high grade dysplasia and/or esophageal adenocarcinoma)
transformation in confirmed low grade dysplasia patients - Only prospective studies.

of low grade dysplasia was confirmed by an expert
panel, the risk of progression to HGD or EAC was 9.1%
annually and had a five-year cumulative progression
risk of 33.3%, which was much higher than expected.
This study again highlights the initial over-diagnosis
of low grade dysplasia. Unfortunately, this leads to an
underestimation of the risk to malignant progression
in cases of low grade dysplasia which have been
confirmed by an expert panel.
[34]
Skacel et al
further evaluated the degree of
interobserver variability in the histological diagnosis
of LGD and impact on reported risk of progression
to HGD or EAC. Biopsy specimens were reviewed
individually by three GI pathologists, blind to the
previous diagnosis, and found the individual GI
pathologists’ diagnosis did not correlate with disease
progression. When at least 2 of the pathologists
agreed on the histological diagnosis, there was a

WJG|www.wjgnet.com

statistically significant progression (7 out of 17, P =
0.04) When all 3 pathologists agreed, 4 out of the 5
patients progressed (P = 0.012). Of the 8 patients
where there was no agreement between pathologists,
0 of these patients progressed
[46]
A study by Weston et al
showed 5 out of 62
patients initially diagnosed with LGD progressed,
but it is unclear if the initial diagnosis was confirmed
[46]
[47]
by an expert panel . In a study by Reid et al , it
was noted that a consensus diagnosis of low grade
dysplasia suggests an increased risk of progression to
high grade dysplasia as compared to identifications
where pathologists disagree on the diagnosis.
There has been little evaluation of the extent of LGD
as a risk factor for the development of EAC, and studies
on HGD as a risk factor were conflicting. Previous
studies evaluated the extent of HGD as a risk factor
for developing adenocarcinoma in Barrett’s esophagus,
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[48,49]

[37]

but they did not evaluate LGD
. Srivastava et al
conducted a study assessing the total numbers of both
LGD and HGD crypts, the extent of dysplasia, and total
dysplasia correlated with EAC development. In those
who progressed to EAC, the number of dysplastic
crypts per patient (115.2) including HGD and LGD,
were significantly higher than in nonprogressors
(56.2, P = 0.01). When the crypts were stratified by
dysplasia grade, the patients who developed EAC had
a marginally greater mean number of LGD crypts (93.9)
as compared with patients that did not progress (41.2,
P = 0.07). Per patient, the mean proportion of LGD
crypts were also found to be greater in progressors
(46.4% vs 26%, P = 0.037), but more significantly
than the mean number of crypts. Interestingly, neither
the mean number (P = 0.14) nor the mean proportion
(P = 0.20) of HGD crypts per patient was significantly
associated with development of EAC. The study
concluded that the extent of LGD is a significant risk
factor for developing esophageal adenocarcinoma,
while the extent of HGD was not found to be an
independent risk factor. However, the presence of HGD
is associated with a greater relative risk for developing
adenocarcinoma.
A registry of patients with Barrett’s esophagus has
been found to be beneficial with respect to patient
management as well as for identifying populations at
greater risk in need of alternate surveillance intervals.
The utility of a registry is further increased where
[50]
surveillance is not cost-effective for all . Esophageal
adenocarcinoma has increased drastically in Europe,
and is predicted to increase even higher in the near
[51-53]
[27]
future
. Picardo et al
established a Barrett’s
registry in 2008 consisting of 1093 patients from the
Republic of Ireland. Of the 73 patients with a diagnosis
of LGD with endoscopic follow up beyond 1 year,
46 (65%) had histological regression, 8 progressed
to HGD, and 6 to EAC. This study showed that the
absolute risk of EAC was higher than reported in whole
population studies. Incidence was higher in this study
as compared to a Danish population study and another
study conducted from the Northern Ireland Barrett’s
[12,54]
Register
.
The strengths of this meta-analysis include the high
quality methodology of statistical analysis, high quality
methodology used in individual studies, relatively
greater number of studies that met the inclusion
criteria, and large total number of patients included
in this analysis (n = 971). This is the first metaanalysis to pool the evidence for AIR of malignancy in
confirmed LGD patients.
The limitations of this study include: There was
a significant level of heterogeneity among studies
included in this analysis. Random effects model
was used to calculate pooled effects for most of the
variables when the heterogeneity was high. We also
performed a pooled subgroup analysis after excluding
the outliers, with the intention of reducing the
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heterogeneity. We were unable to perform financial
impact analysis due to the lack of data from the
individual studies. The local expertise of pathologists/
expert pathologists/gastrointestinal pathologists plays
a key role in the outcomes. The variability of their
expertise is one of the most significant reasons for
heterogeneity among studies. A few other important
reasons for heterogeneity among studies could be
exclusion of prevalent cases of malignancies, and
design of individual studies. There were retrospective
studies included in this meta-analysis. In order to
mitigate this issue, we have performed a sub-group
analysis on prospective studies only. Due to the
paucity of data available from individual studies, we
were not able to analyze the relation between the
length of Barrett’s, extent of dysplasia and progression
to malignancy
Since the incidence of esophageal adenocarcinoma
is rising, it is vital to focus on all possible preventive
measures to halt or slow the progression from BE
to EAC. Based on the results of this analysis, the
incidence of malignancy in confirmed LGD patients
is much higher than the current estimates. For these
reasons, it is of paramount importance to confirm
the diagnosis of patients labelled as LGD. Once a
diagnosis of LGD has been confirmed, these patients
would benefit from closer follow-up and surveillance.
In patients with LGD, most gastroenterology societies
recommend surveillance endoscopy with biopsies
every 12 mo. However, with more recent evidence
suggesting the true rate of transformation is higher,
there may be a role for more frequent endoscopic
surveillance or sooner procedural intervention. These
questions should be answered with further large
prospective trials.
Studies with statistically significant positive results
tend to be published and cited. Additionally, smaller
studies may show larger treatment effects compared to
larger studies. This publication and selection bias may
affect the summary estimates. The bias can be estimated
using Egger bias indicators and the construction of
funnel plots, whose shape can be affected by bias.
In the present meta-analysis and systematic review,
[23]
[24]
bias calculations both Egger
and Begg-Mazumdar
bias indicators showed no statistically significant bias.
Furthermore, analysis using funnel plots showed no
significant publication bias among the studies included
in the present analysis.
Overall, when LGD is diagnosed by consensus
agreement of two or more expert pathologists, its pro
gression towards malignancy appears to be at least
three times the current estimates, and may be up to 20
times the current estimates. Biopsies of all Barrett’s eso
phagus patients with LGD should be reviewed by two
expert gastroenterology pathologists. Follow-up strict
surveillance programs should be in place for these
patients. Large prospective studies are required to
evaluate if confirmed LGD patients should have follow
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up surveillance more frequently than every year.
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Background

Esophageal adenocarcinoma incidence has more than quadrupled over the
last few decades, and is alarmingly becoming a leader for cancer mortality. The
recognition of Barretts esophagus and prevention of progression to esophageal
adenocarcinoma is quickly becoming a national public health concern.

8

Research frontiers

Recent studies indicate the progression from Barretts esophagus to Low grade
dysplasia is grossly underestimated. This may be attributed to the expertise of
the reading pathologist, in addition to the number of pathologists assessing the
biopsies. Given the concern for the risk of progression, accurate assessment of
dysplasia is vital for appropriate risk stratification and surveillance strategies.

9

10

Innovations and breakthroughs

Based on the results of this study, when Low grade dysplasia is diagnosed
by consensus agreement of two or more expert pathologists, its progression
towards malignancy appears to be at least three times the current estimates,
and may be up to 20 times the current estimates.

11

Applications

Biopsies of all Barrett’s esophagus patients with low grade dysplasia (LGD)
should be reviewed by two expert gastroenterology pathologists. Followup strict surveillance programs should be in place for these patients. Large
prospective studies are required to evaluate if confirmed LGD patients should
have follow up surveillance more frequently than every year.
12

Terminology

Barrett’s Esophagus is a condition in which the normal esophageal squamous
epithelium is replaced by columnar epithelium in a process known as
metaplasia.
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Peer-review

In their manuscript the authors performed is a systematic review and metaanalysis to evaluate annual incidence of LGD progression to high grade
dysplasia and/or esophageal adenocarcinoma when diagnosis was made by
two or more expert pathologists.
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Abstract
Cyclophosphamide is a potent cytotoxic agent used
in many clinical settings. The main risks of cyclo
phosphamide therapy include hematological disorders,
infertility, hemorrhagic cystitis and malignancies.
Gastrointestinal side effects reported to date are often
non-specific and not severe. We present the first case
of a fatal small bowel enteritis and pan-colitis which
appears to be associated with cyclophosphamide. We
aim to raise the readers’ awareness of this significant
adverse event to facilitate clinical suspicion and early
recognition in potential future cases.
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suppression, hemorrhagic cystitis and malignancies.
This case report describes the first case of fatal and
irreversible small bowel enteritis and pan-colitis
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large bowel. Upper and lower endoscopic evaluations
demonstrated denuded and erythematous mucosa
in the duodenum, as well as from sigmoid colon to
terminal ileum with no significant interval change in
macroscopic appearance (Figure 1). The rectum was
relatively spared. Histopathology showed full thickness
mucosal ulceration and inflammation throughout the
terminal ileum and large bowel (Figure 2). There were
no features of inflammatory bowel disease, vasculitis
or viral inclusions.
His diarrhea persisted up to six liters daily despite
empirical treatment with maximal doses of anti
diarrheals, octreotide and cholestyramine. Repeat
imaging, stool specimens, endoscopic evaluation
and histopathology failed to reveal an infectious,
neuroendocrine, inflammatory or neoplastic etiology.
Repeat colonic biopsies showed regenerative mucosal
changes. In particular, viral polymerase chain
reaction (PCR) and bacterial and fungal cultures were
negative on repeated testing. He required continuous
intravenous therapy, electrolyte replacements and
total parenteral nutrition for severe hypoalbuminemia.
Infliximab was administered as empirical therapy
without significant clinical or endoscopic improvement.
The patient subsequently developed septic com
plications with Enterobacter and Candida glabrata
bacteremia. He returned to intensive care and sub
sequently died from severe acute respiratory distress
syndrome.
Post-mortem examination showed multiple areas
of hemorrhagic ulceration in the small bowel. Histology
of the ulcerated areas in small bowel showed minimal
residual mucosa. Similar changes, but less severe were
seen in sections of ascending and transverse colon.
A small amount of retained mucosa was seen in the
descending colon with relative sparing of the rectum
(Figure 3). No evidence of vasculitis or thromboemboli
was seen in multiple sections of the bowel wall and
mesentery. No definite infectious etiology was identified
in histological sections (no bacteria or fungal organisms
seen on PAS or Gram stains, immunohistochemistry
for cytomegalovirus, herpes simplex virus-1 and -2
were negative). Viral PCR from the small and large
bowel tissue detected herpes simplex virus-1 DNA,
but the clinical significance of this was uncertain in
the absence of consistent immunohistochemistry and
previously negative PCR.
Sections from all lobes of the lungs revealed
changes of diffuse alveolar damage (shock lung) and
metastatic pulmonary calcification. Culture detected
Enterobacter faecium, Candida krusei and Pneumocystis
jiroveci. Candida krusei was also cultured in small and
large bowel.

McKelvie P, Goodman D, Demediuk B, Bell SJ, Thompson AJ.
Cyclophosphamide-associated enteritis: A rare association with
severe enteritis. World J Gastroenterol 2016; 22(39): 8844-8848
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INTRODUCTION
Cyclophosphamide is an alkylating agent with cytotoxic
and immunosuppressive properties. It is frequently
used to treat a variety of inflammatory and malignant
conditions, either as a sole agent or in combination
with chemotherapeutic drugs or glucocorticoids.
Toxicities associated with cyclophosphamide are welldescribed. Significant adverse effects include doserelated leukopenia, hemorrhagic cystitis, infertility,
[1]
secondary malignancies and pulmonary toxicity .
Reported gastrointestinal side effects include doserelated nausea, stomatitis and a single case of
hemorrhagic colitis. In this report, we describe the
case of a male patient with fatal small bowel enteritis
and pan-colitis which was associated with four weeks
of cyclophosphamide therapy.

CASE REPORT
A 60-year-old male was diagnosed with histologically
confirmed glomerulonephritis secondary to antineutrophil cytoplasmic antibody -positive microscopic
polyangiitis, following investigations for elevated
creatinine on routine blood test. He was treated in
hospital with intravenous methylprednisolone (500 mg
daily) and oral cyclophosphamide (100 mg daily) for
three days. He was discharged home on a weaning
course of prednisolone and cyclophosphamide, with
normalisation of his renal function.
Two weeks following this admission, the patient was
admitted to a regional hospital with a two day history of
nausea, vomiting and diarrhea with intolerance of oral
intake. His wife had had similar symptoms recently.
The patient developed large volume watery diarrhea,
up to eight liters per day. He required transfer to a
tertiary hospital intensive care unit where he received
hemofiltration for hypovolemic acute kidney injury.
Cyclophosphamide was initially reduced to 50 mg
daily and then ceased in setting of potential infectious
pathology. The patient had received approximately one
month of cyclophosphamide, up to 2.1 g of total dose.
Empiric antimicrobial therapy was commenced including
tazobactam and piperacillin, intravenous metronidazole
and ganciclovir. His stool specimen showed secretory
diarrhoea with no infective agents identified. Vasoactive
intestinal polypeptide and chromogranin levels were
also non-diagnostic.
Serial computed tomographs of his abdomen
revealed diffuse mural thickening of the small and
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We present a rare case of severe multifocal ulcerative
enterocolitis affecting much of the small bowel and
colon, which occurred in close temporal relation to
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A

B

Figure 1 Initial computed tomography of abdomen showing diffuse mural
thickening of the small and large bowel. Approximately 2 wk following
cyclophosphamide treatment.

A

Figure 3 Post-mortem histopathology. A: Small bowel. The high power view
of small bowel shows focal full thickness mucosal ulceration with inflamed
granulation tissue and preservation of the muscularis mucosae (arrow); B:
Colon. Endoscopic biopsy of the left colon approximately one month after
commencing cyclophosphamide showed surface fibrin exudate (short arrow),
severe mucosal ulceration and granulation tissue with a few residual glands
(arrowheads). There were no viral inclusions or granulomas. Preserved
muscularis mucosae is seen (long arrows). Hematoxylin-eosin staining,
magnification × 100.

B

to the colon. In that report, endoscopic and his
tologic examination revealed nonspecific colitis
with ulcerations, which resolved after cessation
of cyclophosphamide and hydrocortisone rectal
enemas. Other available literature mainly describes
the therapeutic use of pulse cyclophosphamide in
gastrointestinal vasculitis and refractory inflammatory
bowel disease. Although not commonly utilized,
monthly intravenous cyclophosphamide has been
shown to be safe and efficacious in induction and
maintenance of remission in severe steroid-refractory
[3,4]
inflammatory bowel disease
. Gastrointestinal
vasculitis, as seen in polyarteritis nodosa, also responds
[5]
to cyclophosphamide .
This case was a diagnostic and therapeutic cha
llenge due to the unusual presentation and scarcity of
similar case reports in literature. We considered the
diagnosis of a severe neutropenic typhilitis secondary
to cyclophosphamide. Cyclophosphamide has been
associated with neutropenic enterocolitis, which
[6]
usually occurs within two weeks of chemotherapy .
However, it is associated with profound neutropenia
on presentation and course of disease. Our patient
did not demonstrate significant neutropenia even at

Figure 2 Denuded small and large bowel mucosa on endoscopic
evaluation. Approximately 4 wk following cessation of cyclophosphamide. A:
Duodenum; B: Descending colon.

cyclophosphamide. To our knowledge, this is the
first case report of cyclophosphamide-associated
enterocolitis in literature. It is a rare but serious
adverse event that clinicians should consider in setting
of cyclophosphamide.
Severe gastrointestinal toxicity is not commonly
associated with cyclophosphamide and data on
the association between cyclophosphamide and
enteropathy are scarce. There is a single case report
of hemorrhagic colitis following cyclophosphamide
[2]
treatment of polymyositis . The findings of this
case report were similar to our case, but confined
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nadir. Treatment for an auto-immune or vasculitic
cause of enteritis with IV steroid and infliximab was
unsuccessful. Tissue PCR and cultures for infective
causes were negative ante-mortem but prolonged
immunosuppression is associated with high risks of
secondary infection. Whether this contributed to failure
of mucosal regeneration in this case is unclear.
The pathophysiology of cyclophosphamideassociated enteritis is difficult to ascertain in this case.
If the hemorrhagic enterocolitis was related to the
cyclophosphamide, one postulated etiology would
be extensive mucosal necrosis with such profound
loss of the stem cell niches at the base of the crypts
that no repopulation of the mucosal epithelium was
possible. This does not seem likely as there was
evidence of mucosal regeneration on repeat biopsies
and at postmortem This would be the first case of
this scenario occurring with cyclophosphamide, which
is used widely for treatment of inflammatory bowel
disease including patients with extensive ulceration and
for patients with vasculitis of the gastrointestinal tract.
It is not clear why this patient would have suffered
such a severe insult with a total dose of only 2 grams.
His course was complicated by acute hypovolaemic
renal failure, metabolic acidosis and sepsis with
Enterobacter and Candida septicemia.
Chemotherapy-related diarrhea is common and
is often attributed to alimentary mucositis, which
has a complex pathophysiology including alterations
in the intestinal microbiome. Abrupt changes in the
microbiome may result in excessive generation of
reactive oxygen species in the epithelium, thereby
[7]
upregulating pro-inflammatory cytokines . Changes
in the microbial flora in this patient may have
contributed to the ongoing enterocolitis even after
cyclophosphamide was ceased.
The mechanisms of hemorrhagic cystitis due to
cyclophosphamide have been shown to be specific to
the bladder and attributed to urotoxicity of acrolein,
a metabolite of the drug, and causing damage via
multiple factors including tumor necrosis factor-alfa,
interleukin-1-beta, cyclooxygenase-2, reactive oxygen
and nitric oxide species, and PARP activation. This
complication was not seen in our patient
Large volume fluid and electrolyte replacement
and parenteral nutrition is required but volumes above
three to four litres a day can only be sustained in
inpatients, and intestinal transplantation may need
consideration. Intestinal transplant was contraindicated
in this case due to sepsis and malnutrition. Lastly,
empiric treatment of viral and fungal infections seen in
immunocompromised patients may be considered.
In conclusion, with this case report, we aim to
highlight a potentially fatal and irreversible enteropathy
associated with cyclophosphamide. The etiology, risk
factors and treatment of this condition are not yet
understood. However, early suspicion of this adverse
event may facilitate timely cessation of the offending
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drug and provision of early supportive care and
prophylactic antimicrobial therapy to prevent significant
morbidity or mortality.

COMMENTS
COMMENTS
Case characteristics

A 60-year-old man with glomerulonephritis presented with a 2-d history
of severe watery diarrhoea and worsening renal function, 1 mo after oral
cyclophosphamide therapy.

Clinical diagnosis

Severe enteritis and rectum-sparing pan-colitis, leading to acute renal injury,
malabsorption and severe electrolyte disturbances, and ultimately fatal septic
complications with Enterobacter and Candida glabrata bacteremia.

Differential diagnosis

Infective colitis, inflammatory bowel disease, vasculitis, neutropenic typhilitis,
carcinoid syndrome, ischemic bowel.

Laboratory diagnosis

Acute renal injury resolved with intravenous hydration and a short course of
hemofiltration. Persistent hypokalemia, hypomagnesemia, hypophosphatemia
and hypoalbuminemia. Raised inflammatory markers, non-diagnostic vasoactive
intestinal polypeptide and chromogranin levels. His stool specimen showed
secretory diarrhoea with no infective agents cultured. On post-mortem biopsy,
Enterobacter faecium, Candida krusei and Pneumocystis jiroveci were isolated
in lungs and colon.

Imaging diagnosis

Computed tomography of the abdomen showed diffuse mural thickening of the
small and large bowel.

Pathological diagnosis

Upper and lower endoscopy demonstrated denuded and erythematous mucosa
in the duodenum, as well as from sigmoid colon to terminal ileum. Endoscopic
biopsy of the small bowel and colon showed full thickness ulceration and
granulation tissue with a few residual glands. There were no viral inclusions or
granulomas.

Treatment

Prophylactic antibiotics, antivirals and antifungals, anti-diarrhoeals, intravenous
fluids and electrolytes, total parenteral nutrition, glucocorticoids and infliximab.

Related reports

There is a single case report of hemorrhagic colitis following cyclophosphamide
treatment of polymyositis. The findings of this case report were similar to
our case, but confined to the colon. In that report, endoscopic and histologic
examination revealed nonspecific colitis with ulcerations, which resolved after
cessation of cyclophosphamide and hydrocortisone rectal enemas.

Term explanation

Cyclophosphamide is an alkylating cytotoxic agent used in a variety of clinical
settings as chemotherapeutic agent or immunosuppressant. Its main adverse
effects include marrow suppression, infertility, hemorrhagic cystitis and
malignancies. Gastrointestinal side effects rare and often non-specific and nonfatal.

Experiences and lessons

This is a rare complication in association with cyclophosphamide therapy. Due
to the unusual presentation and scarcity of similar case reports in literature,
this case can be a diagnostic and therapeutic challenge. Early suspicion and
recognition of this adverse event may help prevent significant morbidity or
mortality in potential future cases.
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The report is well written. In case of any suspected case of colitis after
administering cyclophosphamide, timely cessation of the offending drug should
be advised to facilitate early, aggressive supportive care for the affected patient.
Moreover, prophylactic antimicrobial therapy should be considered to prevent
significant morbidity or mortality. This important message is to be disseminated
to protect future adverse events during cyclophosphamide treatment.
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CASE REPORT

Crowned dens syndrome developed after an endoscopic
retrograde cholangiopancreatography procedure
Hiroyasu Nakano, Kazunari Nakahara, Yosuke Michikawa, Keigo Suetani, Ryo Morita, Nobuyuki Matsumoto,
Fumio Itoh

Abstract

Hiroyasu Nakano, Kazunari Nakahara, Yosuke Michikawa,
Keigo Suetani, Ryo Morita, Nobuyuki Matsumoto, Fumio
Itoh, Division of Gastroenterology and Hepatology, Department
of Internal Medicine, St. Marianna University School of
Medicine, Kanagawa 216-8511, Japan

We present a unique case of crowned dens syndrome
(CDS) that developed after endoscopic retrograde
cholangiopancreatography (ERCP) in a patient who
presented with fever and neck pain. Administration of
non-steroidal anti-inflammatory drugs was extremely
effective for relieving fever and neck pain, and in the
improvement of inflammatory markers. To the best
of our knowledge, this is the first case report of CDS
caused by an ERCP procedure. In a patient with fever
and neck pain after an ERCP procedure, CDS should be
considered in the differential diagnosis.
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Core tip: There are numerous differential diagnoses
for patients with fever after an endoscopic retrograde
cholangiopancreatography (ERCP). A careful evaluation
of medical history and a physical examination provide
clues to making a definitive diagnosis. Retrograde
cholangitis is a well-known complication of ERCP;
additionally, pseudogout is known to develop after
severe illnesses or surgery. This case report describes
a patient with pseudogout of the neck, which is also
known as crowned dens syndrome (CDS). CDS should
be considered in a patient with fever and neck pain
after an ERCP procedure.
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INTRODUCTION
endoscopic retrograde cholangiopancreatography
(ERCP) is an established technique for the removal of
common bile duct stones in patients with cholangitis. It
is well known that there are several complications that
arise after ERCP, such as hemorrhage, gastrointestinal
perforation, pancreatitis, and ascending cholangitis.
Additionally, fever and neck pain are frequently
encountered in clinical settings.
Crowned dens syndrome (CDS) is characterized
by neck pain and fever, computed tomography (CT)
findings of periodontoid calcification, and a clinical
entity of pseudogout. Pseudogout is characterized by
the involvement of large joints that most commonly
affects knees and wrists. Radiographs demonstrate
chondrocalcinosis within articular joints. Aspiration
of joint fluid shows calcium pyrophosphate crystals
in the joint space. The etiology of pseudogout still
remains unclear; however, an excessive mechanical
load on cervical motion may be a factor that triggers
CDS. Here, we present a case of CDS in a patient who
developed stiff neck pain after an ERCP procedure.
We propose that CDS might be caused by the patient
lying in the prone position in ERCP, as the patient is
restricted of cervical rotation movements.

Figure 1 Abdominal computed tomography scan on admission. There are
multiple small computed tomography-high density stones on lower common bile
duct (white arrow).

CASE REPORT
An 87-year-old woman with a past medical history
of diabetes mellitus and hypertension presented to
our hospital complaining of frequent vomiting and
jaundice. She took anti-hypertensives and oral glycemic
control medications. On arrival, she was alert and
had stable vital signs, except for a low grade fever of
37.2 ℃. Physical examination showed jaundice without
epigastric tenderness, and Murphy’s sign. Laboratory
tests showed a marked elevation of inflammatory
markers and hepatobiliary enzymes, which showed
the following lab values: WBC 11100/μL, CRP 14.27
mg/dL, procalcitonin 1.56 μg/L, AST 356 IU/L, ALT 174
IU/L, ALP 836 IU/L, γ-GTP 240IU/L, LDH 327 IU/L, and
a total bilirubin of 5.7 mg/dL. Uric acid of 3.3 g/dL was
within normal limits. Abdominal computed tomography
(CT) revealed multiple stones in the bile duct (Figure
1). The patient was diagnosed with choledocholithiases
[1]
and acute cholangitis with moderate severity , and
emergency endoscopic stone removal with endoscopic
sphincterotomy (EST) was performed on the day
of admission (Figure 2), after which her symptoms
resolved. We perform ERCP following sedation with
hydroxyzine pamoate and pentazocine as premedication,
and midazolam is administered intravenously. Additional
midazolam is given in incremental doses during the
procedure as needed.
On day 2 after the ERCP procedure, her temperature
rose to 38 ℃ without any elevation of serum biliary
enzymes. As we suspected retrograde cholangitis,
we continued to administer antibiotics; however, her

WJG|www.wjgnet.com

Figure 2 Emergent endoscopic retrograde cholangiopancreatography.
With endoscopic sphincterotome and mechanical lithotripsy, all stones could
be removed successfully without any complications of either hemorrhage or
gastrointestinal perforation.

temperature remained at 37-38 ℃. On day 4, she
complained of neck pain, right wrist pain, and left
knee pain. The patient did not exhibit confusion or
convulsion. In particular, neck pain was of moderate to
severe intensity and was aggravated by the rotation
of the head. Both neck stiffness and jolt accentuation
of headaches was positive. Although serum biliary
enzymes decreased after the ERCP procedure, laboratory
tests showed a marked elevation of inflammatory
markers. Based on her physical examination, the
differential diagnosis was meningitis, retropharyngeal
abscess, infective spondylitis, polymyalgia rheumatica,
Lemierre’s syndrome, and CDS. Two sets of blood
cultures were obtained to rule out bacteremia, and the
results were later shown to be negative. A head CT
revealed no space-occupying lesions; however, there
was a sharply defined periodontoid calcification on the
patient’s cervical CT (Figure 3A and B), which confirmed
a diagnosis of CDS. In addition, radiographs of the wrist
and knee showed crystal deposits in the joint spaces,
which are consistent with a diagnosis of pseudogout
(Figure 3C and D). She has never experienced nuchal
pain or other joint pain before. Based on this diagnosis,
treatment with the non-steroidal anti-inflammatory
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A

B

C

D

Figure 3 Cervical computed tomography and radiograph of the right wrist and left knee on day 4 after endoscopic retrograde cholangiopancreatography. A:
A sharply defined calcification of periodontoid articular ligaments is noted (white arrow); B: The same as (A) on sagittal view; C: Crystal deposit in the right wrist joint
space (white arrow); D: Crystal deposit in left knee joint space (white arrow).

drug loxoprofen (180 mg per day) was started, and
her fever and neck, wrist, and knee pain dramatically
improved. Inflammatory markers on laboratory tests
showed a marked improvement after administration of
th
loxoprofen. She was discharged on the 14 day after
admission.

tion is common.
The pathogenesis of CDS involves the phagocytosis
of crystals by inflammatory cells, which initiates a
sequence of inflammatory responses in articular
[4]
joints . However, what triggers inflammation is still
unclear. The development of CDS after the onset of
[5]
myocardial or cerebral ischemia has been reported ,
which indicates that severe illnesses may trigger an
inflammatory response. No previous reports have
indicated that ERCP may be a trigger for CDS. We
hypothesize that there are two causative factors for
the onset of CDS: systemic inflammation caused
by cholangitis or head rotation with the patient in
the prone position during ERCP. These factors could
trigger CDS in elderly adults with periodontoid
calcification, inducing a local inflammatory response in
joint spaces.
We have seen three similar cases of CDS that
developed after an ERCP procedure. The precise cli
nical manifestations of three CDS cases are showed on
Table 1. All patients were febrile and over 80 years old
with acute cholangitis. Interestingly, the onset of CDS
after ERCP and total procedure time of ERCP differed
in each case. We need to accumulate more cases
whether these factors are associated with the onset of
CDS.
According to our patients diagnosed with CDS,
all of them have never experienced nuchal pain nor
diagnosed with pseudogout. Whether long session

DISCUSSION
CDS is a clinico-radiographic entity characterized by
an acute onset of neck pain, fever, nuchal rigidity,
jolt accentuation of headaches, general signs of
inflammation, and a periodontoid calcification on
[2]
cervical CT images . In the present case, despite the
removal of the bile duct stones, the patient presented
with persisting fever, neck pain, a significant restriction
of neck rotation and elevation of serum inflammatory
markers. Crystal deposits on CT are mainly com
posed of calcium pyrophosphate dehydrate crystals.
Because of its rarity and lack of awareness, CDS is
sometimes misdiagnosed as meningitis, spondylitis,
[3]
bone metastasis, or polymyalgia rheumatica . As CDS
is recognized to be a subtype of pseudogout, plain
radiographs of other joints, such as the knees and
wrists, even though there are no specific symptoms,
might be helpful in detecting calcification in the
articular cartilage. Laboratory tests are helpful to
diagnose CDS, as elevation of CRP and the erythrocyte
sedimentation rate caused by an inflammatory reac

WJG|www.wjgnet.com

8851

October 21, 2016|Volume 22|Issue 39|

Nakano H et al . Crowned dens syndrome after ERCP
Table 1 Precise clinical manifestations of three crowned dens syndrome cases
No.
1
2
3

Age

Sex

Day

Fever

Site

Time(min)

WBC(μL)

CRP(mg/dL)

Treatment

82
85
83

Male
Female
Male

day 16
day 1
day 3

39.2 ℃
38.6 ℃
38.0 ℃

Neck
Neck, Ankle
Neck

65
30
22

4800
11500
7800

0.10
4.93
2.12

NSAIDs
NSAIDs
NSAIDs

Day: Onset of crowned dens syndrome after endoscopic retrograde cholangiopancreatography (ERCP) procedure; Site: Painful site of complaint; Time:
Time requiring for ERCP procedure.

of ERCP with restricted head movement attributes to
the onset of CDS is still unknown. In order to warn for
endoscopist about the possibility of CDS, endoscopist
should be cautious for the patient’s position during
ERCP if they have frequent episode of neck pain or
have history of cervical spondylitis before.
In summary, CDS should be considered in the
differential diagnosis when elderly patients are placed
in the prone position with the head rotated during an
ERCP and subsequently complain of neck pain and
fever after.

Term explanation

COMMENTS
COMMENTS

Peer-review

CDS is characterized by neck pain and fever, CT findings of periodontoid
calcification, and a clinical entity of pseudogout which is largely affected by the
large joints such as knees and wrists.

Experiences and lessons

Clinicians need to know that CDS is not rare disease entity, but is easily to
be missed when not in clinician’s mind. If elderly patients, who are under an
endoscopic procedure with head rotating, are complaining of fever and neck
pain, CDS is one of the differential diagnosis. Focusing on patient’s physical
examination on knees and wrists whether there are inflammatory findings is
extremely important. If you suspect this disease, cervical CT scan or affected
joint X-ray will help you to make a definitive diagnosis.

Arthrocentesis is a diagnostic intervention of pseudogout. The authors regard
patient’s clinical symptoms based on history, physical examination and
radiographic findings as pseudogout. Another important differential diagnosis of
joint pain, especially presenting with mono-arthralgia, is a septic arthritis. If you
judge patient’s complaint as not-typical symptoms, arthrocentesis is needed to
be performed in order to differentiate septic arthritis or pseudogout.

Case characteristics

A 87-year-old female presented with fever and neck pain, who was diagnosed
with Crowned dens syndrome (CDS) after an endoscopic retrograde
cholangiopancreatography (ERCP) that was detected with a careful physical
examination and radiographic findings.

Clinical diagnosis
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Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong

II

Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yan-Chang Lei, Hangzhou
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki

January 1, 2016

Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot

IV

Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
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Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk
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EDITORIAL

Transarterial chemoembolization with drug-eluting beads
in hepatocellular carcinoma
Hee Chul Nam, Bohyun Jang, Myeong Jun Song
used standard treatment for patients with hepatocellular
carcinoma (HCC) who are not suitable candidates
for curative treatments. The rationale for TACE is
that intra-arterial chemotherapy using lipiodol and
chemotherapeutic agents, followed by selective vascular
embolization, results in a strong cytotoxic effect as
well as ischemia (conventional TACE). Recently, drug®
eluting beads (DC Beads ) have been developed
for transcatheter treatment of HCC to deliver higher
doses of the chemotherapeutic agent and to prolong
®
contact time with the tumor. DC Beads can actively
sequester doxorubicin hydrochloride from solution and
release it in a controlled sustained fashion. Treatment
®
with DC Beads substantially reduced the amount of
chemotherapeutic agent that reached the systemic
circulation compared with conventional, lipiodol-based
regimens, significantly reducing drug-related adverse
events. In this article, we describe the treatment
response, survival, and safety of TACE used with drugeluting beads for the treatment of HCC and discuss
future therapeutic possibilities.
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Core tip: Drug eluting beads are relatively new
embolic agents that allow sustained release of
chemotherapeutic agents in a localized fashion to
the tumor. The advantage of DC bead transarterial
chemoembolization (TACE) is a better combined
ischemic and cytotoxic effect locally and less system
toxicity when compared with conventional TACE.
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Abstract
Transarterial chemoembolization (TACE) is a widely
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standardization of cTACE protocols is needed .
Inconsistency with using the technique is the major
obstacle to standardization of the cTACE procedure.
Potentially, TACE with DEBDOX could maintain sufficient
consistency and repeatability during the procedure to
allow its use as a standard treatment for HCC.
DC Beads are hydrogel microspheres that are
biocompatible, hydrophilic, non-resorbable, precisely
calibrated, and capable of loading chemotherapeutic
agents. DC Beads are produced from a polyvinyl
alcohol hydrogel that has been modified with sulfonate
groups for the controlled loading and delivery of
chemotherapeutic drugs, such as doxorubicin and
[11,15]
irinotecan
. Positively charged doxorubicin HCl is
drawn to the negatively charged sulfonate groups of
the DC beads spheres by an ion-exchange mechanism.
After mixing the doxorubicin, DC beads suspension,
and contrast agent, only 0.2% of the doxorubicin
remains free in the systemic circulation. The low rate
of doxorubicin release could minimize the systemic
side effects of TACE with DEBDOX compared with
[12,16]
cTACE
. The doxorubicin is gradually sequestered
inside the tumor because the drug dissociates from the
DC beads only under specific ionic circumstances such
as those found in tumor cells.

http://dx.doi.org/10.3748/wjg.v22.i40.8853

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
[1,2]
liver malignancy worldwide
. Unlike other mali
gnancies, the incidence and mortality rates of HCC will
continue to increase through over the next 20 years in
[3,4]
some countries . The incidence of HCC is influenced
by major risk factors that include hepatitis B virus,
hepatitis C virus, alcohol consumption and nonalcoholic
steatohepatitis. The majority of patients with HCC
present with advanced disease at the time of diagnosis
and are not candidates for curative therapies such as
[5]
surgery, transplantation, or radiofrequency ablation .
Transarterial chemoembolization (TACE) is the
most commonly used as palliative treatment for
[6,7]
patients with unresectable HCC . The principle of
conventional TACE (cTACE) is the synergistic effect of
cytotoxic chemotherapy and ischemia. Intra-arterial
chemotherapeutic agents mixed with lipiodol cause
cytotoxic damage in tumor cells, and embolization
of feeding vessels by gelatine or Gelform particles
[8]
[9]
results in ischemia . In a meta-analysis, Llovet et al
reported that TACE results in a significantly higher
survival rate compared with best supportive care in
well-selected cases.
From a pharmacokinetics perspective, for the
best effect, higher doses of the intra-arterial chemo
therapeutic agent should be retained within the tumor.
Furthermore, a chemotherapeutic drug that is released
can reduce systemic side effects. Drug-eluting beads
[10]
had been developed with these objectives in mind .
®
DC Beads (Biocompatibles, Surrey, United Kingdom)
can load and release doxorubicin hydrochloride in a
[11]
controlled manner . TACE used with beads loaded
with doxorubicin (DEBDOX) induced significantly fewer
[10,12]
drug-related side effects compared with cTACE
.
Several studies have shown promising outcomes
of TACE with DEBDOX for intermediate-stage HCC,
and this could be an alternative to cTACE. Here, we
summarize recent results for the use of TACE with
drug-eluting beads in terms of the treatment response,
survival, and adverse events and discuss future
therapeutic possibilities.

DOXORUBICIN LOADING AND PLANNED
DOSING
DC Beads microspheres are packaged in 2 mL vials of
hydrated beads in sodium phosphate solution. Each
vial can be loaded with 50-75 mg doxorubicin. The
maximum dose for a single treatment has been set at
150 mg, based on a study showing that this was the
[10]
maximum dose for systemic infusion of doxorubicin .
The dose of doxorubicin should depend on the tumor
burden. However, absolute recommendations are
difficult to determine due to individual patient- and
tumor-related factors. Expert consensus hold that
the doxorubicin dose should be varied based on
the tumor status defined by the Milan criteria for
liver transplantation (a solitary tumor ≤ 5 cm or a
[14]
maximum of three tumors all ≤ 3 cm) .
For limited disease (within the Milan criteria), the
treatment strategy needs to include escalation of the
doxorubicin dose up to 75 mg per single TACE. For
advanced disease (exceeding the Milan criteria), the
doxorubicin dose could be increased to a maximum of
[14,17]
150 mg
.

TECHNICAL ASPECT AND
CHARACTERISTICS OF DC BEADS
There is no standard method for conducting cTACE.
The procedure involves local infusion of chemo
therapeutic agents with selective embolization of
the HCC feeding arteries; however, the selection of
the chemotherapeutic agent contrast agent, and
embolization material vary from center to center and
[13]
country to country . From a technical perspective,
cTACE should be as selective as possible, and further
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SELECTION OF THE BEADS DIAMETER
The DC Beads come in four sizes: 100-300, 300-500,
500-700, and 700-900 μm. HCC with an arteriovenous
shunt (AV) confers an increased risk of pulmonary
[18]
complications during TACE . Therefore, the bead size
should be chosen carefully, especially for patients with
an AV shunt.
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Histological analysis of HCC explants treated with DC Beads showed that 100-300 μm beads are distributed both within and at the periphery of the tumor . Lewis
[13]
[20]
et al showed that 100-300 μm beads triggered broad necrosis of the tumor and adjacent peritumoral hepatic tissue without causing vasculopathy or inflammation .
As shown in Figure 1, the cytotoxic agent and ischemia induce profound liquefaction and necrosis of the tumor.
[21]
In comparison, DC Beads with larger diameters (700-900 μm) induce limited necrosis compared with smaller beads . Beads with smaller diameters can be
delivered to distal vessels where they obstruct collateral channels, while, larger beads occlude more proximal vessels, allowing blood to be supplied to the tumor via
[17]
collateral vessels, which are not occluded by the beads . Recently, the diameters of drug-eluting microspheres are smaller than that of DC Beads are introduced in
[22-24]
[22]
[23]
[24]
some studies
. The diameter of each microsphere is as follows: HepaSphere; 30-60 μm , M1 DC Beads; 70-150 μm , TANDEM; 40-100 μm , respectively.

[19]

Figure 1 Typical imaging finding after transarterial chemoembolization with drug-eluting bead. A: Nodular hepatocellular carcinoma (HCC) with arterial enhancement showed the total necrosis of HCC through follow-up computed
tomography (CT) imaging; B: Nodular HCC showed nodular arterial enhancing viable portion within the partial necrosis of HCC in follow-up CT imaging. After operation, viable HCC in resected HCC showed the matched lesion in the CT imaging.
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In terms of liver toxicity, the DC Beads group did not
[29]
differ significantly from the cTACE group (P > 0.05) .
This lack of significance may be ascribable to the
heterogeneous ethnicities of the patient population
and various etiologies of the underlying liver disease.
This suggests the importance of strict patient
selection with considerate and delicate angiographic
techniques when conducting TACE.
However, these significant improvements in
treatment responses of DC Beads TACE as compared
to those of cTACE were not proven in other studies.
In two randomized controlled trials (RCTs), Golfieri
[30]
et al
reported treatment response of 177 HCC
patients involving 89 in DC Beads TACE and 88 in
cTACE. OR rates at 3 mo showed 74.7% and 74.1%
for DC Beads TACE and cTACE, respectively (P > 0.999).
[31]
Also, Sacco et al
showed statistically insignificant
differences in CR and PR rates at 1 mo between DC
Beads TACE and cTACE (51.5% and 48.5% vs 70.6%
[32]
and 29.4%, respectively, P = 0.1). Facciorusso et al
reported single center study with early/intermediate
HCC patients (n = 249). In this study, cTACE showed
better tumor response and time to progression (TTP).
OR rates were 85.3% in cTACE and 74.8% in DC
Beads TACE (P = 0.039), and median TTP were 17 mo
in cTACE and 11 mo in DC Beads TACE, respectively (P
< 0.001).
[33]
Prajapati et al
reported the safety and efficacy
of DC Beads TACE in 121 patients with advanced
HCC whose median OS was 13.5 mo. DC Beads TACE
was associated with a favorable prognosis, especially
in those without portal vein thrombosis (PVT) and
metastasis (28.9%) compared with those with PVT
and metastasis (9.9%) within the Child-Pugh A group
(median survival 18.8 mo vs 4.4 mo, P = 0.001).
Moreover, the few minor adverse events associated
with the treatment imply that DC Beads TACE is an
alternative treatment strategy with advanced disease.
Nevertheless, prospective studies involving more cases
are needed to evaluate the efficacy and safety of TACE
used drug-eluting beads in BCLC C patients.
[34]
Han et al
performed a meta-analysis of three
RCTs and two case-control studies. Their meta-analysis
included DC Beads TACE and cTACE groups comprising
217 and 237 patients, respectively. The results showed
that DC Beads TACE tended to have better results in
terms of disease control, although the difference was
not significant.

INDICATIONS
The indications for DC Beads use with TACE (DC Beads
TACE) are similar to those for cTACE. DC Beads TACE
may be a better option, particularly in patients with
more advanced liver disease (Child-Pugh B, Eastern
Cooperative Oncology Group (ECOG) 2, Barcelona
Clinic Liver Cancer (BCLC) C, bilobar, or recurrent
disease) or patients with mild to moderate cardiac
[25]
failure .

RESPONSE TO DC BEADS TACE
[10]

Varela et al reported a 75% overall response rate to
TACE with DEBDOX in a phase Ⅰ/Ⅱ clinical trial that
included tumors with a mean diameter of 4.6 cm, and
the majority of patients were Okuda Ⅰ (Okuda Ⅰ/Ⅱ:
[16]
26/1). In another study, Malagari et al
reported a
complete response (CR) was accomplished in 15.5% of
71 patients (mean tumor size 6.2 cm) who underwent
DC Beads TACE. Furthermore, a 66.2%-85.5% ob
jective response (OR) rate was achieved after an
additional four cycles of treatment in the same study
[12]
group. Poon et al
reported the treatment responses
of patients with multiple larger HCCs, in whom the
mean number of tumors was 3 ± 3, the maximum
tumor size was 7.6 ± 4.8 cm, and the summed tumor
size was 10.0 ± 5.8 cm. While treatment response
rates of 16%-35% have been reported in past cTACE
[26,27]
studies
, a favorable treatment response was seen
in this larger HCC group; the OR rate 1 mo after DC
Beads TACE was 70% [CR = 6.7%; partial response
(PR) 63.3%] using the modified Response Evaluation
[12]
Criteria in Solid Tumors .
The PRECISION V prospective clinical trial reported
a 6-mo OR rate of 52%, which is comparable to the
rates of 44%-82% seen in previous phase Ⅰ/Ⅱ
[24]
studies . Although statistical significance was not
achieved in terms of superior OR rates for DC Beads
TACE over cTACE, the formed seemed to be associated
with higher response rates in terms of CR, OR, and
disease control. Moreover, DC Beads proved to be
effective in those with advanced disease as shown by
the improved treatment response and disease control
with acceptable safety profiles. This may provide a
niche for those with poorer conditions, such as patients
with Child-Pugh B and ECOG 1 disease, for whom the
effect of conventional treatment has been minimal.
[28]
In an Asian case-control study, Song et al
reported that larger tumors (> 5 cm) or multiple HCCs
showed a better treatment response to DC Beads
TACE than to cTACE. Another comparative study
showed that the OR rate of the DC Beads group was
significantly better than that of the cTACE group (81.6%
vs 49.2%, P < 0.001). A subgroup analysis confirmed
that intermediate-stage HCC had a significantly higher
OR and time to progression when treated with DC
Beads TACE compared with cTACE (75.7% vs 34.1%,
P < 0.001; 11.7 vs 7.6 mo, P = 0.018, respectively).
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CLINICAL IMPACT OF MICROSPHERES
WITH SMALLER DIAMETERS
As mentioned above, several beads with smaller
diameters were introduced in recent studies. Malagari
[22]
et al performed study with HepaSphere. HepaSphere
30-60 μm is a microsphere that has a dry caliber
of 30-60 μm that expands to 145-213 (148 ± 45)
[35]
μm after loading with doxorubicin . In this report,
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Figure 2 Difference of imaging finding between transarterial chemoembolization with drug-eluting bead and conventional transarterial chemoembolization.
A: Two nodular hepatocellular carcinomas (HCCs) with arterial enhancement showed the total necrosis of HCC in follow-up liver dynamic CT after treating with DC
bead; B: Nodular HCC showed nodular arterial enhancing viable portion within the partial necrosis of HCC in follow-up CT after treating with DC bead. After additional
conventional transarterial chemoembolization (TACE), incomplete lipiodol uptake in remained HCC showed the matched lesion in the CT imaging. CT: Computed
tomography.

HepaSphere 30-60 μm showed 68.9% of OR without
serious adverse events.
[23]
Spreafico et al performed study using TACE with
M1 DC bead for HCC patients who were not indicated
to resection or ablation (n = 45). M1 DC bead is
newly developed DC bead with diameter of 70-150
μm. In this study, 77.7% of patients obtained OR
(CR in 33.3%) and, 78% of tumor nodules achieved
OR (CR in 42%). Thirteen patients (29%) underwent
surgery after achieving successful tumor downstaging
by TACE with M1. (Liver transplantation = 13, Major
hepatectomy = 1). Adverse events occurred in
limited cases, most of which were insignificant clinical
outcomes (grade 1/2).
[24]
Malagari et al
reported study with TANDEM
microsphere. TANDEM is precisely calibrated micro
spheres that diameters with 40, 75, and 100 μm were
used in this study. Fifty-one HCC patients who were
not amenable to curative therapy were enrolled in this
study (mean diameter of the tumors; 7.28 ± 2.09
cm). At 6 mo follow-up, 63.82% of patients achieved
OR (CR in 21.27%). And OS at 1, 2, and 3 years were
92.3%, 88.46%, 82.6%, respectively. Majority of
adverse events were mild post-embolization syndrome
and 4 cases of serious adverse events (grade 3-5)
were reported. Patients with high loading dose of
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doxorubicin (150 mg) were associated with biliary
damage.

EVALUATING THE TREATMENT
RESPONSE TO DC BEADS TACE
To evaluate the response to cTACE, liver dynamic
computed tomography (CT) should be performed 4
wk after therapy to determine the future treatment
[36]
plan . Especially, the treatment response to DC
Beads TACE can be evaluated more definitely than
can that to cTACE, in which incomplete lipiodol
uptake causes difficulty with evaluating the treatment
[37]
response (Figure 2) .
[37]
Chung et al
reported that the enhancement
patterns of HCC after TACE used with beads could
be useful for determining the prognosis. They ana
lyzed images of the arterial phase of dynamic liver
CT 1 mo after TACE with beads and categorized the
enhancement patterns as no enhancement, peri
pheral ring enhancement, or peripheral nodule-like
enhancement. Peripheral nodule-like enhancements
suggest disease progression, while no enhancement or
peripheral ring enhancements indicated a CR.
[38]
Golowa et al
showed that DEBDOX mixed with
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Figure 3 Biloma in a patient treated by transarterial chemoembolization with drug-eluting bead.
[41]

contrast medim helps demonstrates the precise dis
tribution and uptake of the chemotherapeutic agent
without disrupting the treatment response evaluation.
The contrast medium enabled visualization of the
treated tumor due to the increased attenuation,
similar to that of lipiodol. Unlike lipiodol, however, the
contrast medium was not retained within the tumor.
Noncontrast CT immediately after TACE was helpful to
evaluate the treatment response.

over cTACE remain controversial. Recchia et al
reported retrospective study that included 35 patients
of DEB-TACE and 70 patients of cTACE. There was
no statistically significant difference in median OS
between cTACE and DEB-TACE (11.4 mo vs 18.4 mo,
[32]
respectively). Facciorusso et al
also reported that
median survival of early/intermediate stage HCC
patients (n = 249) between cTACE and DC Beads TACE
showed insignificant differences (39 mo vs 32 mo,
respectively, P = 0.1).
[30]
In two RCTs, Golfieri et al
reported the 2 year
survival rates between DC Beads TACE and cTACE
(56.8% vs 55.4%, respectively, P = 0.949) of 117 HCC
[31]
patients. Sacco et al
also showed that estimated
2-year cumulative survival rates were statistically
insignificant between DC Beads TACE and cTACE (86.8%
vs 83.6%, respectively, P = 0.96). Furthermore,
[42]
Facciorusso et al
reported meta-analysis consisted
of four RCTs and 8 observational studies with 1449
patients who underwent 689 DC Beads TACE and 760
cTACE. In this study, statistically insignificant trends
in favor of DC Beads TACE were observed for 3-year
survival rates.

SURVIVAL
[39]

Malagari et al
reported a 5-year survival analysis
of patients treated with DC Beads TACE. The mean
OS was 43.8 (range 1.2-64.8) mo, and the OS rates
at 1, 3, and 5 years were 93.6%, 62%, and 22.5%,
respectively. With respect to the Child-Pugh class,
the 5-years OS, rate was higher for Child class A than
Child class B (29.4% vs 12.8%). For DC Beads TACE,
the number of lesions, lesion vascularity, and local
response were significant independent determinants of
5-year survival.
[40]
Burret et al reported the survival of 104 patients
with HCC treated with DC Beads TACE. The median
survival was 48.6 mo. The OS rates at 1, 3, and 5
years were 89.9%, 66.3%, and 38.3%, respectively.
According to the BCLC stage, the median survival
and OS rates at 1, 3, and 5 years for patients with
early-stage disease was 54.2 mo and 89.7%, 67.8%,
33.9%, respectively, versus 47.7 mo and 88.2%,
64.4%, and 39.4%, respectively, for patients with
intermediate-stage disease. This study reported better
survival rates with DC Beads than with cTACE.
[29]
Song et al
compared prognostic factors that
affected survival rates in patients with HCC treated
with DC Beads TACE (n = 60) vs cTACE (n = 69).
DC Beads TACE was a significant independent factor
associated with better survival (P = 0.037). Moreover,
the alpha-fetoprotein level and BCLC stage were
significant predictors of superior patient survival. These
results suggest that the use of DEBDOX is related to a
favorable outcome in patients with unresectable HCC.
However, the survival benefits of DC Beads TACE
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SAFETY AND COMPLICATIONS
The complications reported with DC Beads include
pleural effusion, gastric ulcer bleeding, cholecystitis,
and abscess formation, with the prevalence ranging
[10,12,16,43]
from 4.2% to 11.4%
. These complication
rates are comparable to those of cTACE. However, it is
noteworthy that no systemic complicates associated
with doxorubicin have been reported in the clinical
studies performed so far.
[44]
Guiu et al
reported that biloma and liver infarct
were independently related to DEB-TACE (OR = 9.78,
P = 0.002) (Figure 3). Interestingly, a non-cirrhotic
underlying liver was a strong independent risk factor
for developing biloma and liver infarct (OR = 8.125,
P = 0.04). The role of a hypertrophied peribiliary
plexus as a porto-arterial shunt may account for the
[45]
association observed in this study . These changes
seen in the cirrhotic liver reinforce collateral formation,
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needed in patients with an underlying non-cirrhotic
liver. For effective TACE with DEBDOX, the duration,
distribution, and dosage of the drug delivered to the
tumor and surrounding non-tumor tissue are most
[19]
important . We must consider the doxorubicin dose,
diameter of the DC Beads and tumor vascularity
required for the optimal treatment response before
performing TACE with DEBDOX.
DC Beads TACE may provide improved survival
rates and quality of life to some extent as compared
[32,41,47,49]
to cTACE
. However, several RCTs and metaanalysis do not demonstrate significant survival
[30,31,42]
advantages of DC Beads TACE
. Because of
relatively small numbers of prospective randomized
trials, further investigations with well designed, large
scaled, comparative studies searching for the longterm survival are necessary. DC Beads TACE seemed
[47]
to afford better cost-effectiveness than cTACE .
However, previous studies were based on various
conditions involving different countries and institutes
in terms of costs, clinical circumstances, and technical
procedures. Study with standardized technical pro
tocols and performances will be needed to validate the
cost-effectiveness of DC Beads TACE.
Indeed, it remains inconclusive as to the superiority
of DC Beads TACE over cTACE. Decision to performing
DC Beads TACE or cTACE needs to be tailored in each
individual patient depending on his or her economic
status, physician’s experiences, and expertise of
institute. Future studies are warranted to determine
the appropriate indications of DC Beads TACE.

which prevents further ischemic and chemical injury in
the bile ducts.
Systemic complications related to doxorubicin
include neurological injury, pulmonary edema, bone
marrow suppression, and gastrointestinal problem
(nausea and vomiting). Especially, dose-dependent
cardiomyopathy (adriamycin-induced congestive
heart failure) limits its long-term use. Advanced age
and left ventricular dysfunction increase the risk of
this complication. At a cumulative doxorubicin dose
2
exceeding 450 mg/m , it is important to monitor for
[46]
this high-risk of cardiovascular complication . It is
worth noting that no doxorubicin-related systemic
complications have been observed in clinical studies of
DC Beads TACE performed to date.

ASSESSMENT OF COST EFFECTIVENESS
[47]

Cucchetti et al
investigated the cost effectiveness of
DC Beads TACE. In meta-analysis, patients with cTACE
experienced significantly frequent post-TACE syndrome
(P = 0.018) and longer hospitalization (P = 0.01). DC
Beads TACE earned 4.0 quality-adjusted life-years
(QALYs) while cTACE earned 3.3 QALYs. Total costs
of DC Beads TACE were € 11656 and those of cTACE
were € 10389. DC Beads TACE spent higher costs
than cTACE, but, higher QALYs were achieved from the
treatment. Expected cost-effectiveness for DC Beads
TACE was € 3089/QALY and that of cTACE was € 3246/
QALY. Improvement of quality of life could be attained
by DC Beads TACE with modest increment of costs.

CONCLUSION
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One of the major research focuses in the field of gene
therapy is the development of clinically applicable,
safe, and effective gene-delivery methods. Since the
first case of human gene therapy was performed in
1990, a number of gene-delivery methods have been
developed, evaluated for efficacy and safety, and
modified for human application. To date, viral-vectormediated deliveries have shown effective therapeutic
results. However, the risk of lethal immune response
and carcinogenesis have been reported, and it is still
controversial to be applied as a standard therapeutic
option. On the other hand, delivery methods for non
viral vector systems have been developed, extensively
studied, and utilized in in vivo gene-transfer studies.
Compared to viral-vector mediated gene transfer,
nonviral systems have less risk of biological reactions.
However, the lower gene-transfer efficiency was a critical
hurdle for applying them to human gene therapy. Among
a number of nonviral vector systems, our studies focus
on hydrodynamic gene delivery to utilize physical force
to deliver naked DNA into the cells in the living animals.
This method achieves a high gene-transfer level by
DNA solution injections into the tail vein of rodents,
especially in the liver. With the development of genome
editing methods, in vivo gene-transfer therapy using
this method is currently the focus in this research field.
This review explains the method principle, efficiency,
safety, and procedural modifications to achieve a high
level of reproducibility in large-animal models.
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HGD efficacy and safety are described, including
recent progress of the procedure applied toward
clinical application. We hope the information described
will help physicians to understand the principles of
HGD and lead to new strategies to better treat patient
diseases compared to the conventional treatment
methods.

Core tip: Among a number of nonviral vector systems,
hydrodynamic gene delivery has been used to study
human diseases. The major advantage of the method
is the simple and easy step to deliver naked DNA
into living animal cells by physical force. The original
method modification of injecting the DNA solution
into a rodent tail vein has made it applicable in large
animals. This method of delivering naked DNA can
contribute to treat, not only liver disease but also other
systemic diseases that can be cured by facilitating/
altering gene expression through the liver.

NUCLEIC-ACID DELIVERY TO THE LIVER
AND THE PRINCIPLE OF HGD
Concerns regarding carcinogenesis and immune
reaction because of viral-vector-based gene transfer
have inspired the efforts to develop methods of nucleicacid delivery in its naked form in vivo. The objective
of naked nucleic-acid delivery is either: (1) express
gene of which the product is missing or low level;
(2) gene vaccination; (3) inhibition of specific gene
expression; and (4) deliver necessary parts of genome
editing; etc. Table 1 summarizes the nonviral methods
of nucleic-acid delivery for liver-target gene delivery.
The barriers for nucleic-acid delivery to hepatocytes
are the plasma membrane and the endothelium in the
sinusoidal structure. Therefore, the physical methods
of intrahepatic nucleic-acid delivery included needle
injection, gene gun, electroporation, sonoporation, and
HGD. They were developed to overcome the structural
barriers using physical forces of pressure, shock wave,
electric pulse, ultrasound wave, and hydrodynamic
pressure. Among these methods, HGD to the mouse
model was reported as an easy and effective in vivo
gene-delivery method by injecting naked DNA solution
[5,6]
into the tail vein . Various genes were delivered
into rodent hepatocytes to analyze their function and
to examine the therapeutic effect within the research
[5,7-15]
fields of gastroenterology and hepatology
(Table 2).
The principle of HGD relies on the mechanical force
developed using a quick injection of a large amount
of plasmid volume. Briefly, a 10% body weight DNA
solution is injected within 5-7 s into a 20 g mouse.
This force created a transient congestion in their right
ventricle allowing the solution to flow back into the
hepatic veins. Next, the solution passes through the
sinusoidal structure to the portal veins allowing the
force to make transient pores in the hepatocyte cell
[16-19]
membrane
. Then, nucleic acids enter into the
hepatocytes, move to the nucleus, and finally facilitate
targeted gene expression. The transient pores naturally
[18]
disappears in a short period , and the exogenous
gene can be expressed in the hepatocytes. Due to
the large amount of solution and its rapid flow rate,
the blood is transiently cleared away from the vessel,
and there is no concern regarding DNA degradation
in the blood by DNase. A number of transfected cells
are confirmed in the overall targeted area in the liver,
although relatively higher gene-delivery efficiency was
seen in the local areas highly impacted by the injection
flow. The major advantage of the method is a less risk

Yokoo T, Kamimura K, Abe H, Kobayashi Y, Kanefuji T, Ogawa
K, Goto R, Oda M, Suda T, Terai S. Liver-targeted hydrodynamic
gene therapy: Recent advances in the technique. World J
Gastroenterol 2016; 22(40): 8862-8868 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i40/8862.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i40.8862

INTRODUCTION
The liver is the largest organ in the body and is the
center of numerous metabolic pathways. Therefore,
it is involved in various inherited diseases. These
diseases are often caused by a critical gene-product
deficiency or overproduction in the hepatocytes. Recent
advances in diagnostic strategies using molecular
biology and genetics have helped establish various
therapeutic methods. Moreover, genetic abnormalities
are altered by introducing a gene-coding sequence or
a nucleic-acid sequence into these cells to inhibit the
specific gene overexpression. Thus, liver-targeted gene
therapy emerged as a promising therapeutic strategy.
Originally, human gene therapy was first performed
using a retrovirus-mediated ex vivo gene-delivery
method to target adenosine-deaminase deficiency in
[1]
1990 . However, serious adverse events occurred in
the following years, including lethal immune reaction
to the adenovirus vector and oncogenesis because
of genetic transformation caused by the retrovirus
[2-4]
vector . Over this time period, viral vectors have
been improved toward higher levels of safety and
efficiency, yet concerns regarding biological safety,
including lethal immune reaction and oncogenesis,
have remained. On the other hand, various nonviral
gene-delivery methods have also been extensively
studied for use in clinical applications. However, the
major obstacle of the methods was lower gene-delivery
efficiency compared to the viral vectors. Many ongoing
studies modify the current strategies to provide a
better gene-delivery efficiency while maintaining its
safety features. Among these methods, this report
focuses on the hydrodynamic gene-delivery (HGD)
method for human gene delivery. The liver-targeted
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of ALT and the small number of destroyed hepatocytes,
we hypothesize that the ALT increase is derived from
leakage out of the newly created transient pores and
not from destroyed hepatocytes.
Based on this method’s efficiency and safety shown
in rodent studies, recent efforts have safely applied this
method for large-animal studies to show the clinical
applicability. The essential key was to decrease the
injection volume of 10% BW used in rodents, which
is 5 L in 50-kg patient, to maintain the gene-delivery
efficiency. Several reports showed the modification of
the original procedures for this purpose, and we have
applied catheter-based, target-organ-specific, and
[22]
target-site-specific HGD in 2009 . By this procedure,
the hepatocytes were hydrodynamically delivered
genes of interest with < 1% of BW solution in each
liver lobe. As a result, the gene-delivery efficiency was
maintained showing a therapeutic level of human factor
IX expression in dogs (manuscript in preparation).
This procedure involves a catheter insertion through
the jugular vein to each hepatic lobular vein. This is
followed by the hydrodynamic injection of naked DNA
plasmid solution with temporally occlusion of blood
flow using balloon placed at the tip of the catheter
(Figure 1a). By this technique, a sufficient intravascular
pressure was provided upon the hydrodynamic in
jection (Figure 1b), a key of successful gene transfer.
In addition, no significant solution leakage with the
added pressure is seen within the systemic dynamics,
which normally impacts cardiopulmonary function. The
safety and impact of HGD in large-animal models were
[22-24]
carefully evaluated in previous reports as well
.
Hydrodynamics of the procedure were also validated
[25]
using CT scans during the injection . These studies
confirmed the site specificity of the gene-delivery
efficiency, and the target-region-specific impacts
caused by the injection. In addition, histochemical
analyses of the transiently expanded sinusoidal
structure showed the same as the phenomena seen
[24]
in small animals and recovered within a few days .
While the systemic inflammatory cytokines including
interferon-α, interleukin (IL)-6, IL-8, IL-18, and IL-4
showed increase in mice after HGD through their tail
vein affecting the systemic condition, however, the
liver-targeted HGD showed an increase in cytokines
related to the myocytes and vascular stretching
including tumor necrosis factor-α, IL-10, MCP-1,
and Canine KC, but not in systemic inflammatory
[24]
cytokines . This is probably due to the localized effect
of injection pressure, flow, etc. Recently, laparoscopy
was used to monitor the change in the lobe of the
liver upon injection to confirm the site specificity and
overall impact on the lobe (Figure 1c). The findings
presented the precise site-specific distribution of the
DNA solution upon the liver-targeted, lobe-specific
HGD resulted in the site-specific expression of injected
transgene (Figure 1d). Using a computer-controlled
injection device (Figure 2), HGD was performed to
the right lateral lobe with approximately 1.5% BW

Table 1 Non-viral gene delivery systems toward the liver
Method

Functional component

Lipids
Polymers
Proteins
Peptides
Needle injection
Gene gun
Electroporation
Sonoporation
Hydrodynamic delivery

Cationic lipids
Cationic polymers
Natural or chemically modified proteins in
cationic nature
Lysine or arginine residues in peptides
Mechanic force
Pressure
Electric pulse
Ultrasound
Hydrodynamic pressure

Table 2 Summary of the applications of hydrodynamic
delivery for functional analysis of therapeutic genes related to
the diseases of gastroenterology and hepatology
Disease

Therapeutic Genes

Nonalcoholic steatohepatitis
Hepatitis
Fulminant hepatitis
Liver injury

Liver fibrosis
Liver Regeneration
Fabry disease
Pancreatitis
Colon cancer

Ref.

Inducible nitric oxcide synthetase [8]
HBV knockdown
[5,9]
HCV knockdown
NKG2D knockdown
[7,10]
osteopontin knockdown
c-met
[7,11]
IL-37
caspase knockdown
platelet-derived growth factor
[12]
receptor beta knockdown
fibroblast growth factor 7
[13]
alpha-galactosidase A
[7]
pancreatitis associated protein 1 [14]
IL-15
[15]

HBV: Hepatitis B virus; HCV: Hepatitis C virus; IL: Interleukin.

of immune response and oncogenesis. Specifically,
naked DNA plasmids and saline do not possess any
immunogenicity reagents or the potential of DNA
integration, compared to the chemical compounds
used for viral or other nonviral gene-delivery methods.

EFFICIENCY and SAFETY
The efficiency of the original procedure was confirmed,
and various genes were examined for therapeutic
[5,7-15]
effects in mouse disease models
. Only one pro
cedure transfected a large number of hepatocytes
with a specific protein secreting gene, approximately
40% of hepatocytes in a targeted area, leading to a
[5]
high level of gene expression in the liver and body .
In 2013, we reported that only one delivery method
could achieve a high level of FIX expression in rats,
which was expected to stop bleeding in patients with
[20]
hemophilia B . Regarding its safety, the impact of
hydrodynamic injection to the liver is known to only
elicit slight liver damage. In a microscopic study,
destruction of cells and tissue was merely seen in the
[5,18]
liver
. Also, transient abnormal aminotransferase
(ALT) increases recover in a short term, and there are
[20,21]
no signs of hepatic failure
. Considering the half-life
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Figure 1 Image-guided, computer-controlled hydrodynamic gene-delivery to the dog liver. The balloon catheter was placed at the appropriate position in the
hepatic veins of right lateral lobe and the occlusion of the blood flow by the balloon was confirmed by injecting a small amount of contrast medium into the hepatic
vein. Then the hydrodynamic injection of naked DNA solution was performed under the real time monitoring of liver structure by the laparoscope using the computercontrolled injection system (A). B: Time-pressure curve and the volume of injected solution recorded in the injection system. Solid and dotted lines represent actual
and preloaded time-pressure curves. A gray area shows cumulative volume of injected saline (mL). C: Laparoscopic findings of the hydrodynamically injected right
lateral lobe of the dog. The injected lobe was swollen and the injected DNA solution transiently made the liver pale. No destruction nor bleeding were seen on the
surface of the liver (arrowheads). D: The effect of lobe-specific hydrodynamic gene delivery of luciferase expressing plasmid. The immunohistochemical analyses
showed positively stained cells in the injected right lateral lobe. No stained cells were found in non-injected left lateral lobe.

Specifically, the efficient and safe HGD to the liver is
associated with a peak pressure level in the vessel and
tissue, duration of the pressure, and concentration
of plasmid solution (Figure 2). The reproducibility
in gene-delivery efficiency for any target is the ad
vantage of using this system. The system function
involves: (1) preload of an arbitrary time-pressure
curve to the computer; (2) placement of a sensor to
detect an intravascular pressure at the portal vein; (3)
insertion of a catheter for a hydrodynamic injection
into the inferior vena cava (IVC); (4) beginning of a
hydrodynamic injection after occluding the supra- and
infra-portions of the hepatic IVC; (5) transmission of
the intravascular pressure data to the computer every
50 milliseconds; (6) regulation of the injector power
to reproduce the time-pressure curve, which was
input before the injection; and (7) repetition of step
5 and 6 until injection completion (Figure 2). Further,
the flexibility of the system can control various types
[20]
of time-pressure curves in vivo
so that the safe,
efficient, and reproducible injection can be repeatedly
performed. Overall, this computer-controlled injection
system has the potential of achieving reproducible
HGD, even if anyone performs the procedure for any
[21-24]
kind of target (Figure 2)
.

solution completed within 7.5 s (Figure 1). Although
the hydrodynamically injected DNA solution transiently
made the liver pale, no destruction nor bleeding were
seen.

INNOVATION OF INJECTION SYSTEM
Overall, the catheter-based procedure of livertargeted, lobe-specific HGD showed safe and efficient
gene delivery in large-animal models. Therefore, the
next step toward clinical application was to ensure
the procedure reproducibility using various gene
targets. For the liver, the size and elasticity of its
tissue can vary between species, age ranges, and
even individual subjects. In addition, it is known that
many liver diseases show liver fibrosis during their
final stage. During HGD, the specific intravascular
pressure resulted in various patterns and differences
in the gene-delivery efficiency with the same injection
pressure (i.e., hydrodynamic pressure). Therefore, the
intravascular pressure was used to control the injection
speed, and the efforts have been made to develop the
[20,21]
computer-controlled HGD system
. The system
was set to control the injection power to reproduce
the intravascular pressure during HGD to any target.
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Figure 2 Scheme of computer-controlled injection system. The schema of the newly developed hydrodynamic gene-delivery system. This figure is partly reused
and modified with updated information from Figure 1 in Ref [20] with their permission. IVC: Inferior vena cava; PV: Portal vein.
[26,27]

Further studies focusing on the therapeutic effect in
advanced stage liver fibrosis are currently ongoing.
In addition, HGD procedure from hepatic artery is
also being examined in our lab to treat hepatocellular
carcinoma by this method since hepatocellular
carcinoma is fed by the hepatic artery. While early
study showed transient increase of platelet count
injecting large volume of thrombopoietin-expressing
[29]
plasmids into human hepatic veins , which is the
only human trial to date, strict adjustment of injection
parameters and setting of the system are necessary to
apply HGD for human.

Our recent and current studies
utilizing realtime monitoring of the computer-controlled injection
under fluoroscopy and laparoscopy (Figure 1) demon
strated its precise controllability. Therefore, the current
ongoing studies are focusing on treating diseasedanimal models, such as liver fibrosis with the different
liver structure characteristics and various levels of
fibrosis. This scenario provides the best disease model
to examine the intravascular-pressure-based injection
control. For these purposes, we are continuously
modifying the injection system for its clinical trial
application, in collaboration with GMP-grade engineers,
physicians, and industrial companies.

CONCLUSION

GENE THERAPY THROUGH THE LIVER

Nucleic-acid-based medicine is quickly developing
with the detailed analyses of disease-related genes.
A simple, safe, effective, and reproducible method
is essential before applying this strategy to human
diseases. The development of HGD-based gene therapy
for large animals provides a great milestone to this
point, and further studies are necessary to make the
procedure clinically applicable.

While improving the injection system, we are investi
gating hepatic gene therapy for systemic diseases as
well as for the liver diseases. The target diseases in
clude hemophilia, human alpha-1 antitrypsin deficiency,
etc. which can be treated by increasing the hepatic
expression of normal proteins in the liver and then
their secretion into blood plasma. For liver disease
[28]
gene therapy, Abe et al recently reported that HGDmediated MMP13 expression in the rat liver prevented
liver fibrosis. Surprisingly, rat liver treated by MMP13
gene therapy did not suffer from significant fibrosis
after at least 10 wk. Hyaluronic acid levels of MMP13treated rats with bile-duct ligation were statistically
equivalent to those of normal rats. Therefore, MMP13
is a promising candidate for liver fibrosis gene therapy.
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Abstract
Improved surgical techniques and greater efficacy of
new anti-rejection drugs have significantly improved
the survival of patients undergoing orthotopic liver trans
plantation (OLT). This has led to an increased incidence
of metabolic disorders as well as cardiovascular and
cerebrovascular diseases as causes of morbidity and
mortality in OLT patients. In the last decade, several
studies have examined which predisposing factors lead
to increased cardiovascular risk (i.e. , age, ethnicity,
diabetes, NASH, atrial fibrillation, and some echo
cardiographic parameters) as well as which factors
after OLT (i.e. , weight gain, metabolic syndrome,
immunosuppressive therapy, and renal failure) are
linked to increased cardiovascular mortality. However,
currently, there are no available data that evaluate
the development of atherosclerotic damage after OLT.
The awareness of high cardiovascular risk after OLT
has not only lead to the definition of new but generally
not accepted screening of high risk patients before
transplantation, but also to the need for careful patient
follow up and treatment to control metabolic and
cardiovascular pathologies after transplant. Prospective
studies are needed to better define the predisposing
factors for recurrence and de novo occurrence of
metabolic alterations responsible for cardiovascular
damage after OLT. Moreover, such studies will help to
identify the timing of disease progression and damage,
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[3]

subjects followed for a median of 10 years , in which
327 deaths were reported, malignity was the first
cause of death followed by cardiovascular causes,
infective diseases and renal failure, accounting for
22%, 11%, 9% and 6% of death, respectively.
As cardiovascular diseases emerged as a leading
cause of death, several studies have been proposed in
order to understand the predisposing factors leading
to cardiovascular disease, as well as the post-OLT
conditions facilitating cardiovascular morbidity (de
novo diseases). However, scanty data are available in
prospective studies.

which in turn may help to prevent morbidity and
mortality for cardiovascular diseases. Our preliminary
results show early occurrence of atherosclerotic
damage, which is already present a few weeks
following OLT, suggesting that specific, patient-tailored
therapies should be started immediately post OLT.
Key words: Orthotopic liver transplant; Cardiovascular
risk; Atherosclerosis, Non-alcoholic fatty liver disease;
Intima-media thickness; Epicardial fat thickness;
Diastolic dysfunction
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

RISK FACTORS OF CARDIOVASCULAR
COMPLICATIONS AFTER OLT

Core tip: Due to better immunosuppressive therapies,
the survival of liver transplantation recipients is
improved, but an increased incidence of metabolic
disorders as well as cardiovascular and cerebrovascular
diseases as causes of morbidity and mortality is
observed. This review analyzes risk factors [before
orthotopic liver transplantation (OLT) and occurring
de novo after OLT] leading to cardiovascular diseases
and the current tools to identify high risk patients.
We also provide preliminary data from one of the first
prospective studies on the evolution of cardiovascular
damage in adult patients submitted to OLT.

Pre-existing cardio-metabolic pathologies and de novo
occurrence, partly associated with immunosuppressive
therapy, are considered the main causes of post[4]
transplant cardiovascular complications .

Pre-existing metabolic factors/non-alcoholic fatty liver
disease

The relevance of cardiometabolic pathologies reflects
the ongoing epidemic of obesity and diabetes in the
[5,6]
United States
and all over the Western countries.
This is further documented by the marked increase in
the prevalence of diabetes among candidates to OLT
independently of etiology. Another metabolic disease
recently recognized to have a strong role in OLT is
non-alcoholic fatty liver disease (NAFLD), considered a
manifestation of the metabolic syndrome (MS) or even
suggested to precede MS, of which insulin resistance
is the hallmark. NAFLD is the most frequent cause
of liver disease in Western countries and is likely to
become the most common indication for OLT over the
[7,8]
next decade .
Non-alcoholic steatohepatitis (NASH) represents
20%-25% of all NAFLD and may potentially evolve
to cirrhosis and hepatocellular carcinoma, besides
carrying all cardiovascular risks typically associated
[9]
[10]
to MS . Interestingly, Targher et al
reported that
NASH-affected patients are at increased risk of atrial
fibrillation, which was recently identified as a severe
[11]
risk factor for OLT . In an analysis performed by
[12]
Van Wagner et al , atrial fibrillation was one of the
factors independently associated with major adverse
cardiovascular events, especially in patients with
a previous history of NASH and alcoholic cirrhosis.
Indeed, a positive history of atrial fibrillation before
liver transplantation was significantly more frequent
in patients with major adverse cardiovascular events
than in those without a previous episode of atrial
[13]
fibrillation .
Several studies pointed out the relationship be
tween NAFLD and cardiovascular mortality in patients
submitted to OLT. Overweight/obesity, dyslipidemia,
hypertension and glucose metabolism abnormalities

Pisano G, Fracanzani AL, Caccamo L, Donato MF, Fargion S.
Cardiovascular risk after orthotopic liver transplantation, a review
of the literature and preliminary results of a prospective study.
World J Gastroenterol 2016; 22(40): 8869-8882 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i40/8869.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i40.8869

EVIDENCE OF CARDIOVASCULAR
DISEASE IN PATIENTS SUBMITTED TO
ORTHOTOPIC LIVER TRANSPLANTATION
Orthotopic liver transplantation (OLT) represents
the only therapy for several end stage liver diseases
of different etiology. In Europe as well as in United
States nearly 6000 patients/year are submitted to liver
[1,2]
transplantation .
According to the United Network for Organ Sharing
registry, the survival rate at 1, 5 and 10 years after
[2]
OLT is respectively of 85%, 70% and 50% . Similarly,
[1]
according to the European Liver Transplant Registry ,
the survival rate at 1, 5, 10, 15, 20 years after OLT is
of 82%, 71%, 61%, 51% and 43%. However, various
diseases have emerged as possible causes of post OLT
complications. During the first 6 mo post-transplant,
the highest risk of death was observed (11% mortality
rate), while between 6 mo and 8 years post OLT, it
rated at 2.5%-5%. Such mortality value increased
again after 8 years to 6%-7%.
In a recent study including 798 transplanted
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are typical alterations detected with a high frequency
in patients with NAFLD and they also define MS.,
notably, they have all been associated with high
morbidity and mortality in patients submitted to
[14,15]
OLT
. In addition, patients with NAFLD have been
reported to be at risk for chronic kidney disease, which
[16,17]
is another known risk factor for CVD
. The strong
association between NAFLD and chronic kidney disease
suggests that NAFLD could be used to stratify patients
undergoing liver or kidney transplantation for a better
[18]
evaluation of CV risk .
In line with the importance of NAFLD in the history
[19]
of patients undergoing OLT, Laish et al
found in
a retrospective analysis that pretransplant NAFLD,
body mass index, diabetes, and triglycerides levels
were predisposing factors for the recurrence of posttransplant MS and that post-transplant MS was
associated with cardiovascular morbidity and mortality.
Alteration of glucose metabolism, one of the major
complications of NAFLD/MS, is already recognized to
be associated with a worse prognosis (increased risk
of cirrhosis and hepatocellular carcinoma occurrence)
in patients with chronic liver disease, independently
from the etiology (HCV chronic hepatitis, NAFLD). In
particular, its presence is also associated with a worse
clinical history of transplanted patients. Several studies
performed in large cohorts of transplanted patients
reported that both patients and graft survival was
negatively associated with pre-existing diabetes or
[20,21]
with de novo occurrence of diabetes after OLT
.
In addition, it has been reported that subjects with
type 1 diabetes had a significantly lower survival than
subjects with type 2 diabetes and, in turn the latters
had a reduced survival compared to patients without
[20]
diabetes .
The role of diabetes and NAFLD in the natural
history of OLT is further demonstrated by the evidence
that patients undergoing OLT for NASH related
cirrhosis showed signiﬁcantly higher risk of CVD,
[22]
either in the first 30 d
or within 3 years post OLT,
compared with patients undergoing transplantation
for other chronic liver diseases such as primary biliary
[23]
and sclerosing cholangitis . However, overall survival
did not differ. In addition, a strong association between
adverse CVD events and post-transplant hypertension
and diabetes was observed, with a double risk of CVD
if both comorbidities coexisted. However, conflicting
data were recently obtained in a large prospective
study performed in United Kingdom, including almost
4000 subjects recipients of liver transplant, with
diabetes having no impact on mortality at any time
[24-29]
after OLT
. The Authors have speculated that the
intensive screenings for cardiovascular complications
in the diabetic liver transplant candidates of the cohort
studied could explain these unexpected results. Thus,
they emphasize the importance of a careful screening
and selection of the candidates to OLT, of their follow
up as well as of an active diabetes management after
transplantation. Such procedures could lead recipients
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with diabetes to have outcomes comparable to those
of recipients without diabetes.
Although malnutrition is commonly observed in
patients with end stage liver disease, obesity is a
metabolic problem that impacts negatively both on
immediate and long-term survival. Most patients in the
United States who underwent liver transplantations
between 1988 and 1996 were overweight, reflecting
the epidemic of obesity. Obesity was more common
in women and in patients with cryptogenic cirrhosis,
suggesting that the so called cryptogenic cirrhosis was
in truth a metabolic cirrhosis. Severe obesity (BMI >
2
40 kg/m ) was associated with decreased 30-d, 1-year,
and 2-year survival, while five-year survival was
2[30]
reduced even in patients with BMI > 35 kg/m .

DE NOVO OCCURRENCE OF METABOLIC
ALTERATIONS AFTER OLT
It is very well known that recurrence or de novo
occurrence of NAFLD post OLT as well as after kidney
[21,31-37]
transplantation may facilitate MS happening
.
However it is difficult to define the prevalence of
MS after OLT due to malnutrition, which is usually
present in most cirrhotic candidates to OLT, and which
ameliorates after transplantation. This is followed,
in the first years after OLT, by a marked increase
in body weight, which in almost 20% of cases
reaches the level of obesity with an increase of BMI
of 60%-70% compared to the pretransplant one.
The increase in weight is almost always associated
with the development of NAFLD, which in turn is
accompanied by insulin resistance, the hallmark of
MS and of NAFLD, present in 20%-58% of cases,
glucose intolerance/diabetes, altered lipids meta
bolism in 50%-70%, and very often hypertension in
[21,36,38-41]
60%-70%
. Altogether, this also contributes to
the induction of systemic and renal vasoconstrition, as
well as impaired sodium excretion when treated with
immunosuppressive drugs.
Interestingly, obesity in liver donors is also a
predictor of liver steatosis in the liver recipients,
and the presence of steatosis in the donor liver is
strongly related to decreased allograft function and
patient survival, with a high probability of NASH
development. This has led to the decision that grafts
with steatosis greater than 60% cannot be used for
[22]
liver transplant .
New-onset diabetes mellitus, a well described
complication following solid organ transplantation
(liver, lung and kidney), occurs in 2% to 53% of
all solid organ transplants, in 4% to 25% of renal
transplant recipients and in 2.5% to 25% of liver[42-48]
transplants
and is associated with an increased
risk of cardiovascular morbidity and infection, as well
as reduced quality of life, impaired graft function
[21,43,48,49]
and lower patient survival
. De novo diabetes
after OLT has been associated with hepatitis C virus
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Table 1 Incidence or prevalence of risk factors of the different manifestations of the metabolic syndrome after orthotopic liver
transplantation
Disease

Incidence/prevalence

Diabetes mellitus

Risk factors

9%-21% (incidence)

Ref.

Male gender
High pre-LT BMI
Family history
Hepatitis C
Older age immunosuppressants rapamycin gene polymorphisms
TCF7L2 gene polymorphisms (donor)
Hyperlipidemia
45%-69% (prevalence)
Diet
Older age
High BMI
DM
Renal impairment, immunosuppressants
low-density lipoprotein receptor gene polymorphism (donor)
Arterial hypertension
60%-70% (prevalence)
Obesity
Older age
Impaired glycemia
Immunosuppressants
Overweight-obesity
24%-31% (prevalence)
High BMI before LT
Diet
Immunosuppressants
Metabolic syndrome
40%-60% (prevalence)
Older age
Obesity and increased BMI
pre-LT DM
Genetic polymorphisms in the living donor
High-dosage immunosuppressive drugs
Changes in intestinal microbiota
NAFLD/NASH
18%-100% (incidence of NAFLD in NASH
DM
and cryptogenic recipients)
0%-14% (incidence of NASH in NASH
Obesity and weight gain, dyslipidemia
and cryptogenic recipients)
10%-40% (incidence of NAFLD in nonGenetic predisposition (presence of the rs738409-G allele of the
NASH or cyptogenic recipients)
Patatin-like phospholipase)
Arterial hypertension
Immunosuppressant
pre-LT alcoholic cirrhosis
Liver graft steatosis

[65,105-107]

[38,108-110]

[106,111,112]

[113-116]

[33,106,117,118]

[18,33,80,119-124]

NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.

infection, pre-existing NAFLD, increased BMI, use
of tacrolimus (as opposed to ciclosporine), steroids,
[43,44,50-52]
age, and ethnicity
. In kidney transplant
recipients variables predictors of new onset diabetes
were similar to those of OLT, being crucial the early
detection and management. Table 1 lists risk factors
leading to metabolic syndrome and its different clinical
manifestations after OLT.

facilitate de novo occurrence of diabetes by decreasing
insulin production and inducing insulin resistance,
which is followed by hyperinsulinemia, the effect being
more severe for tacrolimus. In addition to these effects
increased oxidative stress and lipid peroxidation also
occur, followed by hypertension, dyslipidemia and
[36,53-64]
kidney damage
.
Among other immunosuppressive drugs demon
strated to exert negative cardiovascular effects is
sirolimus, which was reported to be complicated
by serious adverse events including hepatic artery
thrombosis and wound healing complications within the
[65]
first 30 d after OLT . Thus, sirolimus was not approved
in liver transplantation, although recent studies using
[66,67]
lower doses showed an improved safety profile
.
Viceversa, everolimus provides a new therapeutic option
for liver transplant recipients, when introduced early
[68]
after liver transplantation particularly with respect to
posttransplant nephrotoxicity and other adverse events
associated with long- term administration of CNIs.
[69-71]
Several studies
showed that hyperlipidemia
was more frequent in the everolimus-treated patients

IMMUNOSUPPRESSIVE THERAPY AND
METABOLIC ALTERATIONS
The use of highly effective anti-rejection medications
has led to improved survival, albeit with evidence
of well-recognized side effects such as metabolic
derangements, and an overall increase in MS and
insulin resistance after OLT.
Steroids decrease insulin production by betacells, increase gluconeogenesis and reduce glucose
utilization, thus strongly contributing to the occur
rence of diabetes and weight gain. Tacrolimus and
cyclosporine A, the calcineurin inhibitors (CNIs),
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Table 2 Most used immunosuppressive drugs and main metabolic side effects
Factor

Metabolic consequences

Ref.

Steroid

Increased fat deposition with truncal fat distribution
Decreased fat oxidation
Increased gluconeogenesis
Obesity
Decreased glucose utilization
Decreased b-cell insulin production
Increased proteolysis,
Reduced protein synthesis
Insulin resistance
Diabetes, NAFLD
Mineralocorticoids effects
Sodium retention
Hypertension
Hyperlipemia
Tacrolimus:
b-cell toxicity
Decreased insulin secretion
Insulin resistance,
Diabetes (more than cyclosporine)
Cyclosporine:
Decreased energy metabolism and muscle mass obesity
Weight gain
Decreased cholesterol transport into bile hyperlipidemia
Occupy LDL receptor
(more than tacrolimus)
Renal vasoconstriction
Hypertension
(more than tacrolimus)
Increase insulin response
Block b-cell proliferation
Alter insulin signaling
Decreased diabetes
Increased diabetes
Increased triglyceride production pathways
And secretion
Increased adipose tissue lipase activity
Hyperlipidemia
Decreased Lipoprotein lipase activity
Mycophenolate mofetil:
No nephrotoxity
No effect on lipid profile, hypertention or diabetes mellitus
Azatioprine:
Vascular calcification
Arteriosclerosis
Basiliximab
No nephrotoxity
Rare effect on lipid profile, hypertension and diabetes mellitus

[36,53-55]

Calcineurin inhibitor

mTOR inhibitor

Anti-metabolites

Monoclonal antibodies

than in those treated with CNIs. The relationship
between dyslipidemia during mTOR inhibitor admini
stration and cardiovascular outcomes has not been
systematically evaluated, and thus the clinical effect of
these adverse events is not fully understood. However,
the proportion of patients receiving lipid lowering
treatment was similar when everolimus associated
to a reduced doses of tacrolimus or the standard-of[72]
care tacrolimus treatment were given . Furthermore,
the incidence of cardiovascular events after 24 mo did
[70]
not differ between the two treatment groups . The
relationship between high rates of dyslipidemia and
mTOR inhibitor use (sirolimus and everolimus), either
in conjunction with or instead of CNIs, may be due to
altered insulin signaling pathways that result in excess
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[58-65]

[68,125-129]

[145-149]

[150]

triglyceride production and secretion.
Thus, it is evident that the type of immunosup
pressive therapy may strongly influence the occurrence
of metabolic complications (Table 2).

NAFLD, A LEADING CAUSE OF OLT,
ALSO COMPLICATES OLT DUE TO ITS
FREQUENT RECURRENCE OR DE NOVO
OCCURRENCE
In the last 10 years a marked increase of OLT for NASH
cirrhosis was observed while that of HCV remained
[36]
stable . Thus NAFLD is expected to become the most
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common indication for OLT over the next decade,
given that HCV related morbidity will progressively
decrease. Post-transplant NAFLD can be due to the
recurrence of pretransplant MS and NAFLD, but often
develops de novo because of modified metabolic
conditions and use of the immunosuppressive drugs.
NAFLD recurrence post-liver transplantation may
progress to end-stage disease with liver failure and a
[73-76]
need for retransplantation
. NAFLD incidence after
liver transplantation ranges from 18 to 40% and that
of NASH between 9%-13%. In addition, in patients
transplanted for cryptogenic cirrhosis, the timedependent risk of developing allograft steatosis is
[40,75,77,78]
100% over 5 years
, indirectly confirming that
cryptogenic cirrhosis is an evolution of NASH.
It is also worth noting that genetic background
seems to play a role in allograft steatosis, since posttransplant NAFLD risk is linked to a polymorphism in
adiponectrin (PNPLA3), which mediates triglyceride
hydrolysis and has been reported to be the strongest
genetic factor for liver steatosis, independently of
insulin resistance. This polymorphism has been
repeatedly reported to be associated with more severe
fibrosis in patients with NASH and is also associated
with pre-transplant obesity risk and presence of
[79,80]
steatosis in the donor graft
.
The natural history of post-transplant de novo
NAFLD is poorly understood, but it may contribute
to increased CVD mortality, since NAFLD is an
independent risk factor for CVD even in non-cirrhotic
[34,77,81]
patients
.
It is very likely that the mediator of these processes
is insulin resistance, which is linked to weight gain
and high-dose steroid use post-transplantation, and
is reflected by worsening of glucose tolerance, and
[76,81,82]
underlies all manifestations of MS
. Overall, the
main consequences of post-transplant MS appear to
be NAFLD recurrence/development, higher incidence
of adverse CVD events, and chronic transplant ne
[64]
phropathy .
Taken together, these evidence clearly demonstrate
that a strict selection of patients with a complete
cardiovascular assessment is necessary before listing
patients for OLT in order to optimize resources and
start early therapy to prevent complications.

lacking and this syndrome often goes unrecognized.
Van Wagner, as previously reported, showed
that non coronary incidents represent the major
adverse cardiovascular events after OLT, including
atrial fibrillation, heart failure, thromboembolism and
[11]
stroke .
This suggests that some OLT candidates may have
subclinical CVD and may not be identiﬁed as patients
at high risk when using standard risk algorithms. A
study designed to evaluate the association between the
presence of segmental myocardial perfusion defects
pre-OLT by using myocardial perfusion scintigraphy
and the occurrence of post-OLT complications and
1-year mortality after OLT, showed that even the
presence of a single reversible perfusion defect was
signiﬁcantly related to an increased incidence of 1-year
all-cause mortality. Due to these results the authors
suggest the use of myocardial perfusion scintigraphy
[84]
in the work up process . Other studies point out
the attention to pre-transplant pathology detected
by echocardiography, including valve regurgitation,
pulmonary artery pressure, right and left ventricular
size, systolic function and left ventricular ejection
[85-87]
fraction
. One study found a positive association
between left ventricular hypertrophy and post[85]
transplant death , whereas others yielded conﬂicting
results regarding tricuspid regurgitation and post[86,87]
transplant death
.
[88]
Bushyhead et al
tried to determine if speciﬁc
ﬁndings in pre-transplant echocardiography were
associated with post-transplant survival and the
development of cardiovascular and renal disease.
The results of this study showed that increasing
pulmonary artery systolic pressure was associated
with significantly increased risk of hospitalization for
myocardial infarction or heart failure, while increased
left ventricular ejection fraction, a possible expression
of cirrhotic cardiomyopathy, was associated with a
non-significant increased risk of stage 4 or 5 chronic
kidney disease.
Thus, because of the high risk of cardiovascular
complications after OLT, careful preoperative evaluation
of coronary risk is assessed in every transplant center.
However, there is not yet a general agreement on a
standard cardiovascular screening in OLT candidates.
European guidelines suggest that electrocardiogram
and echocardiography should be performed in all
liver transplant candidates. If the patient has multiple
cardiovascular risk factors, and is older than 50
years, a more extensive work up has to be assessed,
including a cardiopulmonary exercise test to uncover
[89]
asymptomatic ischaemic heart disease . If the target
heart rate is not achieved during a standard exercise
test, a pharmacological stress test is the test of choice.
If coronary disease is suspected, coronary angiography
[90]
should be performed .

CARDIOVASCULAR SCREENING PRE-OLT
In patients with cirrhosis, a clinical syndrome
named cirrhotic cardiomyopathy has been noticed.
This pathology is defined as a blunted contractile
responsiveness to physiologic, pathologic, or phar
macologic stress and/or altered diastolic relaxation
with electrophysiological abnormalities but with normal
increased cardiac output and contractility at rest, in the
absence of known cardiac disease and irrespective of
[83]
the causes of cirrhosis . Strict diagnostic criteria are
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protocols will require further prospective studies within
[95]
the context of liver transplantation .

THERAPY AND FOLLOW UP AFTER
LIVER TRANSPLANTATION

Problems that remain to be resolved

After OLT, to prevent cardiovascular events it is neces
sary to plan a follow up and a therapy focused on
the control of metabolic syndrome manifestations,
including control of blood pressure, blood glucose,
lipid levels and weight, in addition to encouraging
physical activity, and a correct diet. Individualized
immunosuppressive therapy should also be designed.
Furthermore, it is important to assess the presence
of early vascular and cardiac damage, and to re
cognize their progression by carotid ultrasound and
echocardiography, in order to be able to start specific
therapy and prevent CV events in the future.
Given the high risk of developing NAFLD after OLT,
therapy to prevent its occurrence and/or to treat it,
if already developed, should be started. However,
currently the only exploitable therapy for NAFLD is
[91]
diet (Mediterranean diet is recommended ) and
physical activity, although all available data suggest
that improving insulin sensitivity could reduce
the risk of post OLT NAFLD recurrence or de novo
development. Drugs as thiazolidinediones (PPARγ
agonist with insulin sensitizing effects), metformin,
incretin-mimetics (liraglutide), antioxidants (vitamin E),
angiotensin converting enzyme inhibitors have given
promising results in patients with NAFLD. Several other
pharmacological therapies for NAFLD are being studied,
such as obeticolic (a syntetic farnesoid X receptor
agonist), n-3 polynsaturated fatty acids (PUFA), and
novel agents with anti-inflammatory, anti-fibrotic or
insulin sensitizing properties [dual PPAR ά/δ agonists,
dual chemokine receptor (CCR)2/CCR5 agonists and
fatty acid/bile acid conjugates] and antifibrotic anti-lysil
[92]
oxidase-like (anti-LOXL2) monoclonal antibodies .
While data on pentoxyphilline and orlistat have
provided limited or inconclusive results, as well as
those on lipid lowering drugs (ezetimibe and statins),
no clinical trials have been conducted in the post[34,76,82,93,94]
transplantation setting
.
Thus, at present the only effective approaches
for avoiding cardiovascular disease in the posttransplant setting are to prevent and manage MS
and its manifestations. Table 3 presents the current
available therapies to control metabolic syndrome
manifestations.
Also renal dysfunction plays a relevant role in
the occurrence of cardiovascular disease and death
after transplantation. Therapeutic strategies should
be focused to minimize renal injury, particularly in
NAFLD patients, for example, by reducing exposure
[95]
to CNIs . This can be accomplished by reducing
or withdrawing CNIs after the stable introduction of
mycophenolate mofetil, introducing non-CNIs-based
immunosuppressive protocols with mTOR inhibitors
(sirolimus and everolimus) or reducing the CNIs dose
in combination with mTOR inhibitors. The use of such
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The onset of cardiovascular modifications after OLT
remains poorly understood, the timing in which these
modifications occur after OLT is still being debated.
Only a few studies (based on paediatric population
and prevalently on kidney transplant) and a meta[96-103]
analysis
have shown that after solid organ
transplantation there was a rapid increase of subclinical
atherosclerosis evaluated by aortic stiffness and carotid
intima-media thickness.
[104]
A recent study
demonstrated that at 1 year
post-transplant, independently of the indication to OLT,
LT recipients have similar pro-atherosclerotic profiles
as patients with NASH, as measured by endothelial
biomarkers and inflammatory cytokines, even when
conventional cardiovascular risk factors, such as
obesity or elevated Hs-CRP or/and high FRS, are not
observed.

OUR PRELIMINARY RESULTS
We are conducting a prospective study aimed to
understand the types of cardiovascular modifications
and their time of development after OLT. Seventynine patients in a liver transplant list, were enrolled
from 2014 and followed for 2 years after transplant.
In these patients cardiovascular, biochemical and
anthropometrical parameters were assessed at
admission to the transplant waiting list, and at 6,
12, and 18 mo after transplant. The cardiovascular
study included: evaluation of cIMT, presence of
plaques by carotid ultrasound, diastolic function (E/
A), interventricular septum, ventricular mass, and
epicardial fat thickness evaluation by echocardiography.
Preliminary data showed that cIMT progressively
increased during follow up, starting as early as the 6th
month, while prevalence of plaques was similar pre
and post-transplant. A significant decrease of diastolic
function (E/A) and an increase of inter-ventricular
septum was observed from enrollment to 6 mo,
which then remained stable over time. A progressive
increase of epicardial fat was observed during follow
up, while ejection function, and ventricular mass did
not significantly differ. These preliminary results are
shown in Figure 1.
It is yet to be determined if different immunosup
pressive therapies influence these early changes and/
or if other predisposing factors contribute to cardiac
and vascular damage.

Future research directions that may maximize practical
impact on the field

OLT candidates and recipients should be carefully
evaluated and followed up not only for liver, but also
for metabolic complications, optimizing the follow up
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Figure 1 Modification of cardiovascular parameters during follow up: dark grey enrollment, black 6th mo, light grey 12th mo. A: Epicardial adipose thickness
(EAT) significantly increased from baseline to 6th mo; B: Diastolic function (E/A) worsened significantly from baseline to 6 th mo; C: Intima-media thickness (IMT)
increased significantly from baseline to 6th mo.

Table 3 Post transplant metabolic syndrome manifestations and their possible therapy
Disease

Suggested therapy

Contraindicated therapy

Diabetes mellitus Insuline: in the early post-operative setting
Life-style modification (diet, physical activity)
Oral hypoglicemic agent (after steroids tapering):
Metformin: less weight gain and hypoglicemia

Thiazolidinediones: well tolerated, may improve
post-LT NAFLD

Hyperlipidemia

Arterial
hypertension

Obesity

Dypeptyl peptidase-4 (DPP4) inhibitors, well tolerate,
no weight gain, no hypoglicemia, potential antiinflammation, antihypertension, antiapoptosis effects
and immunomodulation on the heart, vessels, and
kidney, independent of their hypoglicemic effect
Hypercholesterolemia responds to:

Ref.

Metformin: not usable with renal failure (lactic
[130-133,151-157]
acidosis)
Thiazolidinediones: may be associated to hepato and
cardiotoxicity and are adipogenic
Second generation sulfonylureas: determine weight
gain, hypoglycaemia, may increase CNI level
Meglitinides: determine weight gain, hypoglycemia
(only with renal insuff), CNI may increase
repaglinide level, are expensive
Alpha-glucosidase inhibitors: determine
gastrointestinal side effects,are less effective, are
expensive
Selective renal sodium glucose co-transporter 2
(SGLT 2): dapagliflozin, canagliflozin, empagliflozin,
well tolerated but reported hepato-toxicity,
contraindicated in patients with renal impairment
Statins (except pravastatin and flestatin) are
metabolized by cytochrome P-450 3A4, the same that
metabolize CNIs and sirolimus so they must be used
with caution because of myotoxicity
If used with statins fibrates may increase calcineurin
inibitors levels

[134-138]

Nifedipine may increase CNI levels and may cause
leg edema
ACE inibitors and angiotensin receptors blockers
may exacerbate CNI-induced hyperkalemia, but may
provide anti-fibrotic properties and possibly protect
against calcineurin induced renal injury
Thiazides and other diuretics must be used with
close follow-up because of potentiation of electrolyte
abnormalities, hyperuricemia and renal dysfunction
Bariatric surgery: well tolerated and successful but require Orlistat (tetrahydrolipstatin), inhibitor of pancreatic
a complex reoperation
lipase has limited efficacy and possibly interferes
with immunosuppressive therapy
Gastric banding at the time of liver transplant procedure
Gastric bypass surgery can affect intestinal drug
seems successful and well tolerate
absorption

[139-141]

HMGCoA inibitors (statins): pravastatine is the most
studied and used but also atorvastatin, simvastatin,
lovastatin, cerivastatin and fluvastatin are used
Diet rich in omega 3 fatty acids, fruits, vegetables and
dietary fiber
Hypertrigliceridemia responds to:
Fish oil (omega 3)
Fibric acid derivates (gemfibrosil, clofibrate, fenofibrate)
First line agents: calcium channels blockers (amlodipine,
isradipine, felodipine)
Second line agents: specific β-blockers, ACE inibitors,
angiotensin receptors blockers and loop diuretics

WJG|www.wjgnet.com

8876

[141-144]

October 28, 2016|Volume 22|Issue 40|

Pisano G et al . Cardiovascular risk after OLT
by introducing blood tests and imaging approaches
that are able to show early metabolic, cardiovascular
and atherosclerotic alterations.
New parameters that are able to identify subjects
at higher metabolic/cardiovascular risk should be
identified to plan personalized therapy, including
nutritional rules and physical activity.
Prospective studies aimed to evaluate the develop
ment of early atherosclerotic damage are needed
to understand the timing in which a specific therapy
should be started.
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Abstract
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Gastric polyps become a major clinical problem
because of high prevalence and tendency to malignant
transformation of some of them. The development
of gastric hyperplastic polyps results from excessive
proliferation of foveolar cells accompanied by their
increased exfoliation, and they are macroscopically
indistinguishable from other polyps with lower or higher
malignant potential. Panendoscopy allows detection and
differentiation of gastric polyps, usually after obtaining
histopathological biopsy specimens. Unremoved gastric
hyperplastic polyps may enlarge and sometimes
spontaneously undergo a sequential progression to
cancer. For this reason, gastric hyperplastic polyps
larger than 5 mm in size should be removed in one
piece. After excision of polyps with atypical focal lesion,
endoscopic surveillance is suggested depending on
histopathological diagnosis and possibility of confirming
the completeness of endoscopic resection. Because of
the risk of cancer development also in gastric mucosa
outside the polyp, neighboring fragments of gastric
mucosa should undergo microscopic investigations. This
procedure allows for identification of patients who can
benefit most from oncological endoscopic surveillance.
If Helicobacter pylori (H. pylori ) infection of the gastric
mucosa is confirmed, treatment strategies should
include eradication of bacteria, which may prevent
progression of intestinal metaplasia. The efficacy of
H. pylori eradication should be checked 3-6 mo later.
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GHPs and the latter are associated with a higher risk of
malignant transformation and higher 5-year mortality
rate. Solitary GHPs with distinct margin, red color
and protuberant shape can be difficult to distinguish
from well-differentiated adenocarcinoma. Sometimes
GHPs are found to coexist with other types of polyps
[2,9,10]
or tumors (synchronous polyps)
. Geographical
differences exist in the prevalence of gastric polyps. In
[2]
Western countries, the incidence of GHPs decreased ,
while in areas where the prevalence of Helicobacter
pylori (H. pylori) is high, GHPs have been reported
[11]
more frequently .

Core tip: The present review is one of only a few papers
describing the clinical problem of gastric hyperplastic
polyps and their tendency to malignant transformation.
For this reason, gastric hyperplastic polyps larger than
5 mm in size should be removed, preferably in one
piece. After excision of polyps with dysplasia, careful
endoscopic surveillance is needed, both places after
polypectomy and surrounding mucosa.
Markowski AR, Markowska A, Guzinska-Ustymowicz K.
Pathophysiological and clinical aspects of gastric hyperplastic
polyps. World J Gastroenterol 2016; 22(40): 8883-8891
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i40/8883.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i40.8883

PATHOPHYSIOLOGY
It is believed that GHP development results from
excessive proliferation of foveolar cells (mucinproducing epithelial cells lining the gastric surface
and the gastric pits) accompanied by their increased
exfoliation; glands are usually not involved in the
formation of polyps. Stimuli directly responsible for
the appearance of GHPs have not been known yet,
although it seems that abnormal hyper-regenerative
processes triggered in response to nonspecific gastric
mucosal injury can be suspected. Two main pathologies
lie in the background of GHPs: longstanding H. pyloriassociated gastritis and autoimmune metaplastic
atrophic gastritis in Addison-Biermer disease; GHPs
are less common in other inflammatory conditions,
in the vicinity of ulcers, erosions and surgical gas
troenterostomy, secondary to prior endoscopic
coagulation therapy, in gastric mucosa with slight
atrophy or metaplasia, and in cardia in patients with
gastrointestinal reflux. GHPs almost never occur in
normal gastric mucosa.
The risk of developing GHPs increases with the
degree of mucosal atrophy, especially when the
stomach body is affected. Over time, GHPs may
remain stable, increase in size, or even regress. It was
not long ago that GHPs were believed to be benign
lesions not associated with the risk of malignant
transformation. Today, however, unremoved GHPs
are known for their ability to enlarge and sometimes
spontaneously undergo a sequential progression and
[12]
a few-phase neoplastic transformation . This process
has been confirmed and well documented in GHPs,
although it is much less common than in adenomatous
polyps of the stomach.
Although Helicobacter pylori is sometimes present
[13]
within GHPs , the bacterium not induces specifically
[14]
their growth or malignant transformation . It is
estimated that most of GHPs remain stable in time,
[15]
but 27% may enlarge . It appears that, in addition to
age, there are known some clinical factors predicting
for the possibility of neoplastic transformation of GHPs,
such as polyp size (greater than 1 cm), pedunculated
morphology, postgastectomy state, and synchronous
[16,17]
neoplastic lesion
.
Early gastric cancer in gastric hyperplastic polyps, by

INTRODUCTION
A polyp is a proliferative or neoplastic lesion of
the mucous membrane, directed toward the gas
trointestinal lumen, projecting from the surrounding
mucosa, and having the head and (sometimes) the
[1]
stalk . Some gastric polyps tend to have malignant
transformation to cancer and gastric cancer is the
third most common cause of cancer-related death in
the world and being still difficult to cure because of
advanced disease at the moment of diagnosis.
Gastric polyps are detected during 1%-6% of
upper gastrointestinal endoscopies and in 0.1%-0.8%
[2-4]
of autopsies . Still several years ago, gastric polyps
were twice more frequent in the antrum than in
the body of the stomach. It seems, however, that
their location has changed in the past 10 years; the
incidence of polyps has increased in the stomach body
(19% vs 32%) and decreased in the antrum (46% vs
[3]
24%) . Also, altered age distribution of gastric polyps
was observed in the last decade; patients aged 45-59
have currently twice more gastric polyps than 10
years ago, but the inverse relationship is observed for
[5]
patients aged 60 years and over .
According to the macroscopic classification of
Yamada and Ichikawa, polyps can be divided into:
1/flat polyps, i.e., slightly elevated and with indistinct
margins, height < 2.5 mm (width of closed biopsy
forceps), 2/sessile polyps, i.e., elevated with a distinct
border at the base, yet without a notch, height exceeds
2.5 mm, 3/semi-pedunculated polyps, i.e., elevated
with distinct margins and clear notch at the base,
[6]
but without peduncle and 4/pedunculated polyps .
Gastric epithelial polyps include fundic gland polyps,
[7,8]
hyperplastic polyps and adenomatous polyps .
Gastric hyperplastic polyps (GHPs) can be single
(68%-75%) or multiple, they occur sporadically
(isolated polyps) or as a component of a rare hyper
plastic polyposis syndrome (the presence of 50 or
more polyps). Sporadic GHPs are macroscopically and
histologically indistinguishable from the syndromic
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[3]

definition, does not infiltrate deeper than the submucosa,
irrespective of local lymph node involvement. In the
pedunculated polyps, the submucosal layer ascends
through the stalk to the head, while in sessile ones, the
submucosal layer forms convexity toward the tumor.
The depth of penetration can be assess only when the
cross-sectional image perpendicular to the lesion and
contiguous normal wall are obtained. The prevalence
of gastric cancer in GHPs shows a positive correlation
with the polyp size, whereas mortality due to GHPs
depends on the presence and severity of neoplastic
[18]
transformation in the polyp . Gastric metastases are
relatively rare, but even a case of metastasis to GHP
[19]
has been recently described to .

proton pump inhibitors .
Gastric traditional serrated adenomas (TSA) were
described for the first time in 2001. A novel histologic
phenotype of gastric adenoma are characterized by
protruding glands with lateral saw tooth-like notches
due to scalloped epithelial indentations; gastric TSA
have emerged as very aggressive, because nearly
[29]
75% of them exhibited invasive carcinoma .
GHPs are usually asymptomatic and therefore
incidentally found during panendoscopies performed
[2]
for various reasons . Symptoms due to GHPs are
nonspecific: dyspepsia, heartburn, bleeding from the
upper GI tract (usually latent), and sometimes gastric
outlet obstruction. Only sideropenic anemia can be an
indirect nonspecific presentation of a large and fragile
GHPs. Imaging diagnostic examinations (X-ray with
contrast agent, computed tomography) have little
significance due to high false-negative rates; they
can sometimes reveal only large GHPs. Panendoscopy
is the investigation of choice allowing detection and
differential diagnosis of gastric polyps, usually after
obtaining histopathological biopsy specimens.

EPIDEMIOLOGY AND
SYMPTOMATOLOGY
Although the existing epidemiological data are not
explicit, the multi-center research trial conducted in
the United States to assess so far the largest number
of panendoscopies (120000) and gastric polyps (5877)
suggests that the most common types of gastric polyps
are gastric fundic gland polyps (77%) and GHPs (14%);
much less common are: polypoid foveolar hyperplasia
(2.7%), adenocarcinomas (1.3%), lymphomas
[2]
(0.9%) and adenomas (0.7%) . A recently published
retrospective study which assessed the United
States national database of histopathological reports
involving approximately 741000 patients, confirmed
the highest prevalence of gastric fundic gland polyps
and hyperplastic polyps, 7.72% and 1.79% of patients
[20]
undergoing gastroscopy, respectively ; adenomatous
polyps of the stomach were much less common. In
other clinical studies, depending on the definition
and histopathological criteria, the study period
and population, GHPs accounted for 25%-28% to
[4,21-28]
71%-76% of all gastric polyps
.
The incidence of GHPs increases with age and
although they can also be found in children, GHPs
[1]
usually affects the 65-75 year-old population .
Most studies proved higher incidence of all types of
[1,3,22]
gastric polyps in women than in men
. In a study
[3]
performed by Cao et al gastric polyps were found
in 34% of men and 66% of women (24121 patients).
However, it was the result of higher prevalence of
gastric fundic gland polyps in women (43% vs 55%),
since the prevalence of gastric hyperplastic polyps
was similar in both genders (27% vs 29%). Besides,
adenomatous polyps, which were much less common,
were more often observed in men (15% vs 4%).
Although the percentage of all gastric polyps found
during panendoscopies has not changed in the last
decade, it seems that the relative incidence of GHPs
showed a twofold decrease, which was accompanied
by a substantial increase in the relative incidence of
gastric fundic gland polyps. It is speculated that this
phenomenon can be the effect of a common use of
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MACROSCOPIC AND
HISTOPATHOLOGICAL PICTURE
GHPs are usually small, flat or sessile dome-shaped
lesions with smooth surface and lobular structure
(Figure 1). The proportional prevalence of GHPs
according to size is estimated at: 47% (< 0.5 cm),
25% (0.6-0.9 cm), 18% (1-2 cm), 6% (2-3 cm)
[30]
and 4% (> 3 cm) . Sometimes GHPs may have
erosions on their surface and they are often difficult
to distinguish from polypoid foveolar hyperplasia or
[1]
gastric adenomatous polyps . Sometimes GHPs are
very big and have aciniform structure. They may
reach even 13 cm in size and then they resemble a
neoplastic tumor. A large size of gastric hyperplastic
polyps and granular structure with visible depression
and mucus threads on the surface may suggest their
malignant transformation.
Endoscopy with optic image magnification and NBI
allows the assessment of the network of fine blood
vessels, which correlates well with histopathological
findings and increases the possibility of early differen
tiation of gastric polyps already during endoscopy;
dense distribution of irregular capillaries on the polyp
[31]
surface is characteristic of GHPs .
Contrary to hyperplastic polyps of the colon,
GHPs show swelling of the submucosal membrane
with pronounced foveolar hyperplasia and infiltration
of the lamina propria by inflammatory cells, among
which smooth muscle cells derived from thickened
and cracked muscle membrane can be seen. Mucinsecreting cells from the foveolar layer of GHPs are
enlarged and elongated; they form canals that extend
to the stroma, which can enlarge and form marked
irregular cysts varying in shape and size. PAS/Alcian
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DIFFERENTIAL DIAGNOSTICS
GHPs should be differentiated from other sporadic
polyps (fundic gland polyps, adenomatous polyps)
and lesions of the mucosa present in familial polyposis
syndrome (Ménétrier disease, juvenile polyposis and
Cronkhite-Canady syndrome). Earlier clinical studies
suggesting high incidence of GHPs launched a debate
on diagnostic criteria and the factual incidence rate.
It seems that most of the previously described tiny
hyperplastic polyps were in fact only the hyperplasia
of the foveolar layer of the gastric mucosa. Polypoid
foveolar hyperplasia (PFH) is regarded as a precursor
of gastric hyperplastic polyps and differs slightly from
them in the microscopic structure. Elongated pits of the
mucosa but without features of dilatation can be also
seen in PFH, and the lamina propria is either normal
[2]
or only slightly swollen . Differentiation between
these two lesions is of crucial clinical significance since
malignant transformation affects gastric hyperplastic
[24]
polyps but not foveolar polypoid hyperplasia . Precise
categorization of gastric polyps is being conducted.
Multicenter clinical study results published in 2011,
revised the previous histopathological assessment of
gastric hyperplastic polyps using precise diagnostic
criteria; only in 20% of cases, previous diagnosis of
[24]
GHP was confirmed .

Figure 1 Endoscopic view. Large gastric hyperplastic polyp.

blue or mucicarmine stains highlight acidic mucin in
goblet cells and can demonstrate the neutral mucin in
[10]
foveolar epithelium .
GHPs have two major and typical microscopic
[10]
features . The first and salient includes distinctly
elongated, dilated, distorted and branched pits of the
mucosa, with a folded epithelial lining (differing in
height) that does not exfoliate in proper time (Figure
2A-C). This leads to increased mucus secretion and a
spiral appearance of the mucosal pits on the horizontal
section or serrated and star-like appearance on the
[18]
cross-section . The foveolar cells mature excessively,
contain large amounts of cytoplasm and small nuclei,
[21]
and exhibit low mitotic activity . The swollen stroma
shows a network of randomly arranged, diffused fine
bundles of smooth muscles, located in the lamina
propria. The glandular epithelium can sometimes occur
only in deeper layers of the polyps.
The second typical microscopic feature is swelling
and inflammatory reaction of the stroma of varied
intensity, either acute or chronic, i.e., visible infiltration
of the lamina propria by numerous neutrophils,
plasmatic cells, lymphocytes, eosinophils, mastocytes
and macrophages. These regions are strongly vascula
rized and vascular proliferation resembles granulation.
Because of local trauma, the surface of GHPs can be
ulcerated and inflamed, with regenerative atypia of
epithelial and interstitial cells (Figure 2D). Sometimes
the surface of the mucous membrane can also exhibit
budding pits having features of pseudo-invasion. For
a histopathologist, such lesions are a major diagnostic
issue, since hyperplastic polyps may sometimes
contain foci of dysplasia and cancer. Abnormal
regenerative changes may be difficult to differentiate
[32,33]
accurately from dysplastic atypia
.
If dysplasia within GHPs is confirmed by biopsy,
it is crucial to determine its grade and boundaries,
and assess whether it is limited only to the polyp
or is just a fragment of the extensive neoplastic
process. If dysplasia develops only in the polyp and
its focus is removed radically during polypectomy,
both macroscopically and microscopically, the lesion is
considered to be cured.
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CLINICAL SIGNIFICANCE OF
INTRAEPITHELIAL NEOPLASIA IN THE
MUCOSA SURROUNDING A POLYP
Oncological risk associated with GHPs depends on the
risk of cancer development not only in the polyp, but
also in gastric mucosa outside the polyp. Thus, also
the neighboring fragments of gastric mucosa should
undergo endoscopic and microscopic investigations.
The risk of focal gastric cancer is five-fold
higher in gastric adenomatous polyps than in the
hyperplastic ones (10% vs 2.1%), and 2-fold higher
in gastric mucosa surrounding the adenomatous than
hyperplastic polyps (13.3% vs 7.1%). Thus the risk of
cancer growth in gastric mucosa outside the polyp is
[21]
probably slightly higher than in the polyp itself .
Gastric hyperplastic polyps are frequently asso
ciated with inflammatory lesions in the local gastric
mucosa. Chronic inflammation of gastric mucosa can
be observed in associations with H. pylori infection
(25%), autoimmune inflammation (12%), atrophic
[30]
gastritis, lymphocytic inflammation or CMV infection .
In a patient with GHPs the Sydney biopsy protocol
recommends collection of five separate specimens:
two from the stomach body (greater and lesser
curvature), two from the antrum (greater and lesser
curvature) and one from the gastric angle. When H.
pylori infection of the gastric mucosa is confirmed,
treatment of small GHPs should begin from eradication
therapy, which in many cases reduces or eliminates
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A

B

C

D

E

Figure 2 Histopathological findings. A: Gastric hyperplastic polyp with dilated, elongated, branched and foveolar epithelium and edematous end inflamed stroma
(original magnification × 10); B: Gastric hyperplastic polyp with well visible elongated foveolar epthelium (original magnification × 20); C: A cross-section of mucosal
crypt shows a serrated ligh of the gland and the goblet cells (original magnification × 40); D: The green arrow indicates a regeneration zone in the foveolar epthelium
with hyperchromatic nuclei (original magnification × 40); E: Focus of adenocarcinoma in the gastric hyperplastic polyp (original magnification × 40). Hematoxylin-eosin
staining.
[34]

(37%) and dysplasia (2%) or even adenocarcinoma
[30]
(6%) .

the polyps . The efficacy of such treatment should be
checked 3-6 mo later.
If the gastric mucosa surrounding a hyperplastic
polyp exhibits features of chronic atrophic gastritis,
its stage should be examined using the OLGA system
(Operative Link on Gastritis Assessments), allowing
better stratification of the risk and identification
of patients who can benefit most from oncological
endoscopic surveillance. It seems that patients with
diffused atrophy should be included in such a program
and have panendoscopy performed at first each year
(OLGA IV), and then every 2 years (OLGA III) or every
[35]
5 years (OLGA II) .
The mucosa surrounding the hyperplastic polyps
frequently shows chronic inflammation and sometimes
oncologically hazardous focal intestinal metaplasia
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CLINICAL SIGNIFICANCE OF
INTRAEPITHELIAL NEOPLASIA IN THE
POLYP
Only a small percentage (< 2%-3%) of GHPs, usually
the larger ones (> 1-2 cm), show features of focal
intraepithelial neoplasia (IEN) or cancer (Figure 2E).
Therefore, large polyps should be removed and as a
whole subjected to histopathological analysis. Studies
assessing the presence of intraepithelial neoplasia and
[2,21,30,36-38]
adenocarcinoma in GHPs are rare
.
The p53 protein, a p53 suppressor gene product,
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inhibits neoplastic transformation (by prolonging
G1 phase of the cellular cycle), which gives the cells
enough time to repair damaged DNA threads. If the
damage is severe and cannot be quickly repaired,
p53 initiates the process of programmed cell death.
Mutations of p53 gene result in the synthesis of
mutated, i.e., functionally abnormal p53, deprived
of the inhibitory function, which promotes transfer
of genetic disorders to daughter cells and facilitates
neoplastic transformation. The half-life period of
normal p53 is approximately 20 min only, whereas
pathological p53, being the product of the mutated
p53 gene, shows a prolonged half-life, is accumulated
in the cell and can be then easily detected.
The assessment of cell proliferation is a useful
marker in the diagnosis of neoplastic transformation.
Ki-67 antigen observed during all active phases of the
cell cycle but absent from the G0 phase is presented
as the percent of marked cell nuclei. It is a widely
accepted marker of proliferation; the higher the
expression of Ki-67, the higher malignancy grade.
In the histopathological material including 497
GHPs collected from 412 patients during an 11-yearperiod, the prevalence of intestinal metaplasia,
dysplasia (intraepithelial neoplasia) and cancer
within GHPs was estimated at 5%, 10% and 2.2%,
[38]
respectively . Positive expression of p53 and high
proliferation index (mitotic index) of Ki-67 were observed
in cases of focal intraepithelial neoplasia (41%) and
cancer (50%) within GHPs, as compared to the
[33,38]
hyperplastic regions and metaplastic foci
. The foci
of intraepithelial neoplasia were always found close
to the foci of adenocarcinoma. The research seems
to confirm the theory of neoplastic transformation
in hyperplastic polyps of the hyperplasia-dysplasiaadenocarcinoma type. The expression of certain
membrane proteins called claudins (Cld) that are found
in tight intracellular junctions and are responsible
for cell membrane integrity is one of the markers of
malignant transformation within hyperplastic polyps of
the stomach, since the expression of Cld-3 has been
demonstrated only within the foci of intraepithelial
[16]
neoplasia and cancer .
[21]
Orlowska et al
estimated the prevalence of
metaplasia, intraepithelial neoplasia (dysplasia) and
cancer in GHPs to be 5.6%, 3.3% and 2.1%. In their
[21]
research
and in a study conducted by Abraham
[30]
et al , the percentage of intraepithelial neoplasia in
hyperplastic polyps of the stomach is 10 times higher
(3.3%-4% vs 0.4%) than in the study by Carmack
[2]
[38]
et al , and in the study by Terada
even 25 times
higher (10% vs 0.4%); perhaps, these authors were
dealing with specially selected patients.
The risk of developing cancer in GHPs increases
with the polyp size and is believed to be higher for
GHPs > 2 cm, although cases of cancer in 5-10
mm polyps have also been described. Neoplastic
transformation usually starts from a small focus of
intraepithelial neoplasia, which grows and acquires
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features of invasiveness. Intraepithelial neoplasia
involves cytological and architectonic disorders within
the cell: changes in the nucleus-cytoplasm ratio in
favor of the nuclei, increased number of mitoses in
enlarged nuclei, excessive number of epithelial cells
with their build-up and loss of nuclear polarization
(hyperchromatic cell nuclei lose their parallel
arrangement). Mild and severe intraepithelial neoplasia
can be distinguished, depending on impairment
severity.

TREATMENT
The management of gastric polyps depends on the
clinical condition of the patient, malignant potential
of detected polyps and at which stage of malignant
transformation polyps have been found. Endoscopic
removal of adenomatous or hyperplastic polyps,
symptomatic or with dysplastic foci, is recommended
if it is possible and safe. Studies comparing biopsy
findings with histopathological assessment of radically
removed polyps have shown approximately 90%
compatibility. When the polyp is removed in one
piece with a diathermic loop it is less probable that
some advanced dysplastic and neoplastic lesions
can be missed and more likely that total removal is
accomplished; piecemeal polypectomy technique does
not ensure radical removal. Biopsy of gastric mucosa
outside the polyp and examination for H. pylori infection
and its eradication are additionally recommended,
[7]
with a single endoscopic check-up one year later .
At present, repeat endoscopic examinations of
GHPs negative for intraepithelial neoplasia are not
recommended (Table 1).
Polypectomy is indicated for all gastric polyps >
10 mm, to eliminate sampling error by missing any
neoplastic foci and prevent neoplastic transformation.
Periodic biopsies of polyps that are not classified for
removal due to their size, number and the risk of
[25]
postsurgical complications should be performed .
When multiple polyps occur, it is recommended to
obtain bioptates or remove the largest polyp as well as
obtain biopsy specimens from the remaining polyps.
And then, decision for polypectomy should be made
based on histopathology findings. Most of GHPs can be
detected and treated using endoscopy alone. According
to current recommendations, GHPs > 5 mm should be
[8,17,18,39]
removed whole
, especially the pedunculated
[17]
ones .
Some researchers, however, considering the risk
of the procedure (bleeding, perforation), suggest the
removal of only large GHPs, in which the probability
of intraepithelial neoplasia and cancer is the highest.
In the case of multiple hyperplastic polyps without foci
of intraepithelial neoplasia, conservative management
and follow up endoscopy seems to be safer strategy
than numerous polypectomies, although there are no
reliable studies to support this suggestion.
Oncological surveillance of patients with hyperplastic
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Table 1 The proposed management decisions and oncologic surveillance program regarding gastric hyperplastic polyps
Before endoscopic resection of GHPs
GHP without dysplasia or cancer, asymptomatic and small (< 5 mm) - surveillance not recommended
GHP symptomatic or larger than 5 mm - endoscopic resection recommended
GHP with dysplasia or cancer - endoscopic or surgical resection recommended
GHP not classified for removal due to the risk of postsurgical complications - periodic gastroscopies with representative biopsies every 1-2 yr
GHP in patients with high risk of gastric cancer1 - gastroscopies every 1-2 yr
GHP with dysplasia outside the polyp - consider subtotal gastrectomy and gastroscopies every 1-3 yr
After endoscopic resection of GHPs
After complete resection of GHP with dysplasia - gastroscopy 1 yr later, and then depending on the clinical situation
After complete resection of GHP with early gastric cancer - gastroscopy 1 yr after and then 3 yr after
After incomplete resection of GHP with gastric cancer - consider gastrectomy with lymphadenectomy
1

Family history of gastric cancer or OLGA 3-4 on histopathological examination. GHP: Gastric hyperplastic polyp.

polyps containing foci of dysplasia and cancer should
be patient-tailored, since there are no generally
accepted guidelines. It seems that when cancer was
detected early in an endoscopically radically resected
polyp, the oncological surveillance should involve
repeated endoscopy, at the same frequency than for
adenomatous gastric polyps, i.e., first one year after
[17,39]
and then 3 years after the procedure
.
Endoscopic treatment of the polyp containing
cancer is considered sufficient if it has been completely
resected according to the endoscopist (macroscopic
radicality) and histopathologist (microscopic radicality).
If the cancer does not exceed the gastric mucosa, the
excision margin free of cancer cells is greater than 2
mm in the microscopic investigation, differentiation
degree of the cancer is high or moderate and no
angioinvasion is observed, the resection is approved
oncologically radical. The percentage of cancer relapse
after radical resection of gastric hyperplastic polyps
containing focal cancer is unknown, although it is
certainly lower than that after the endoscopic resection
[40]
of nonpolypoid early gastric cancer (1.2%) .
If incomplete resection of hyperplastic polyp con
taining early gastric cancer is evidently confirmed or
when effective endoscopic treatment is impossible,
we have to consider gastrectomy with local lympha
[41]
denectomy . In surgical treatment of early gastric
cancer, conventional open laparotomy is increasingly
more often replaced by low-invasive surgical techniques.
The surveillance of malignant GHPs following
endoscopic removal is difficult because of the possibility
of residual neoplastic cells within the stomach wall. It
is commonly believed that the patient with diagnosed
cancer or high grade dysplasia in the polyp should be
treated by a multi-specialist team dealing with the
diagnosis of the upper GI tract. The diagnosis should
be established by two pathologists, with at least one
specializing in gastrointestinal diseases. The strategy
of management and therapy should be discussed
with the patient and experienced endoscopists should
perform surveillance panendoscopy.
When the resected GHPs are free of dysplasia and
cancer, the management of patients should depend on
the risk of developing cancer assessed on the basis of
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the presence of chronic atrophic gastritis and/or other
risk factors. Last data (405211 patients) predict that
about 1 in 256 people with normal gastric mucosa,
1 in 85 with gastritis, 1 in 50 with atrophic gastritis,
1 in 39 with intestinal metaplasia, and 1 in 19 with
dysplasia will develop gastric cancer within 20 years
[42]
after gastroscopy .
In patients with high risk of gastric cancer (OLGA
3-4), with moderate or high grade diffuse atrophy
of the mucosa, usually with enhanced metaplasia,
in patients with a family history of gastric cancer,
gastroscopies are recommended regularly, every
year or every two years. Patients with low risk of
gastric cancer (OLGA 1-2) should have at least one
gastroscopy within 3-6 mo after the procedure, to
confirm eradication of H. pylori and exclude the
presence of new or residual polyps that would have to
be removed.
When dysplasia is present in the mucous mem
brane of the stomach outside the polyp, especially
in diffuse lesions, subtotal gastrectomy should be
considered with postsurgical endoscopic surveillance,
during which numerous bioptates are collected from
the mucosa of the stomach stump at 1-3 year-intervals
[17,40]
to exclude multifocal lesions
.

CONCLUSION
Recent studies have confirmed that cancer may arise
within GHP, and a malignant lesion is likely to take
a hyperplasia-dysplasia-adenocarcinoma course.
Polypectomy of GHPs > 5 mm is recommended, with
histopathological diagnosis, and periodic biopsies of the
polyps which are not qualified for removal should be
obtained. Additionally, biopsy of gastric mucosa outside
the polyp is indicated as well as H. pylori eradication
in the case of confirmed infection. Endoscopic checkup is suggested a year after removal of dysplasia-free
GHP. The surveillance of patients after polypectomy of
GHP containing foci of dysplasia and cancer should be
more intensive and individual; precise guidelines do
not exist.
Extensive knowledge concerning the mechanisms
of origin, malignancy potential, diagnostic possibilities
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and GHP management may increase the efficacy
of treatment of gastric polyps in everyday clinical
practice.
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Abstract
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Despite advancements in medical therapy of Crohn’s
disease (CD), majority of patients with CD will even
tually require surgical intervention, with at least a third
of patients requiring multiple surgeries. It is important
to understand the role and timing of surgery, with
the goals of therapy to reduce the need for surgery
without increasing the odds of emergency surgery and
its associated morbidity, as well as to limit surgical
recurrence and avoid intestinal failure. The profile of
CD patients requiring surgical intervention has changed
over the decades with improvements in medical
therapy with immunomodulators and biological agents.
The most common indication for surgery is obstruction
from stricturing disease, followed by abscesses and
fistulae. The risk of gastrointestinal bleeding in CD is
high but the likelihood of needing surgery for bleeding
is low. Most major gastrointestinal bleeding episodes
resolve spontaneously, albeit the risk of re-bleeding is
high. The risk of colorectal cancer associated with CD
is low. While current surgical guidelines recommend a
total proctocolectomy for colorectal cancer associated
with CD, subtotal colectomy or segmental colectomy
with endoscopic surveillance may be a reasonable
option. Approximately 20%-40% of CD patients will
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stoma rates and at least a three-fold increase in
mortality compared to elective surgery.
CD is associated with high surgical recurrence,
such that most patients with CD will have multiple
operations during their lifetime and 5%-18% of
patients eventually require parenteral nutrition for
[6,7]
intestinal failure . The risk of intestinal failure rises
significantly with multiple surgeries, particularly when
[7]
intestinal length is shorter than 150 cm and is
[8]
imminent when intestinal length is less than 100 cm .
This review assesses the available evidence in the
current literature on the surgical management of CD,
focusing on the indications for surgery (Figure 1) and
the surgical options for small bowel, large bowel and
perianal CD.

need perianal surgery during their lifetime. This review
assesses the practice parameters and guidelines in
the surgical management of CD, with a focus on
the indications for surgery in CD (and when not to
operate), and a critical evaluation of the timing and
surgical options available to improve outcomes and
reduce recurrence rates.
Key words: Surgery; Crohn’s disease; Major abdominal
surgery; Perianal; Inflammatory bowel disease; Colon
cancer
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Despite significant advances in the medical
management of Crohn’s disease (CD), most patients
will still need surgery during their lifetime, with a third
requiring multiple surgeries. It is important to optimise
the surgical management of CD in order to reduce rates
of emergency surgery, surgical recurrence and intestinal
failure. Surgical options depend on the phenotype of
CD. The most common indications for surgery include
stricturing disease, fistulae and abscesses whereas
surgery for bleeding and cancer associated with CD
is less common. It is vital to understand the role and
timing of surgery, and the best surgical options in the
management of CD.

LITERATURE SEARCH
The Preferred Reporting Item for Systematic Reviews
and Meta-analyses (PRISMA) guidelines was used in
this review. Two databases (MEDLINE and Embase
from 2010-2016). Search terms included “Crohn’s
disease”, “perianal”, “large bowel” or “large intestines”
or “colon”, “small bowel” or “small intestines” and
“surgery” or “surgical indications”. Five hundred and
ten studies were identified through MEDLINE and
Embase, 189 additional studies were found from handsearching references.
Abstracts were reviewed by two investigators
independently, and only studies excluded by both
investigators were excluded. When only one inves
tigator excluded the study, these studies were included
for full text review. Studies excluded based on abstract
included non-human studies, non-English language,
studies on immunomodulators and biological agents
only, no reference to surgery for CD, reference to
ulcerative colitis only, upper gastrointestinal CD
only or inflammatory bowel disease in general but
not specifically CD. Studies reporting mainly on
immunomodulators but with references to surgery and
studies on inflammatory bowel disease with reference
to CD were included for full text review. Only studies
which reported on indications and surgical options for
small bowel, large bowel or perianal CD were eligible
for qualitative synthesis. One hundred and twentyeight full text studies were reviewed after duplicates
were removed. One hundred and fifteen studies were
included in this review.

Toh JWT, Stewart P, Rickard MJFX, Leong R, Wang N, Young
CJ. Indications and surgical options for small bowel, large bowel
and perianal Crohn’s disease. World J Gastroenterol 2016;
22(40): 8892-8904 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i40/8892.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i40.8892

INTRODUCTION
Seventy to ninety percent of patients with Crohn’s
[1]
disease (CD) will eventually need surgery . The like
lihood of surgery in CD after initial diagnosis has been
reported in a recent systematic review to be 16.3%
at one year, 33.3% at three years and 46.6% at 5
[2]
[3-5]
years . The surgical mortality rate is 0%-8.4% ,
with most deaths resulting from intra-abdominal
sepsis. Absolute indications for surgery in CD include
cancer, perforation, toxic megacolon and major lifethreatening gastrointestinal tract (GIT) bleeding.
Relative indications include strictures, phlegmon,
fistulae, intra-abdominal abscesses, GIT bleeding,
dysplasia-associated lesion or mass (DALM), high grade
dysplasia detected on surveillance, growth retardation
in children and failure of medical therapy. The decision
of when to operate is difficult in CD. Delaying surgery
for prolonged medical management may increase
complication rates as well as increasing the technical
difficulties encountered during surgery and the rates of
emergency surgery, which is associated with increased

WJG|www.wjgnet.com

INDICATIONS FOR MAJOR
GASTROINTESTINAL SURGERY IN CD
Stricture and obstruction

Bowel obstruction from stricture (Figure 2) is the
[9]
most common reason for surgery in CD . Stricturing
phenotype of CD is most common in ileal disease
and in patients diagnosed with CD at a younger
age. Patients may also develop anastomotic fibrotic
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Crohn’s disease
Identified by surveillance based on family history
Indications for emergency
surgery

Symptomatic

Absolute indications
Perforation
Toxic megacolon
Major life-threatening
gastrointestinal tract (GIT)
bleeding with failure of nonsurgical options
Cancer
Relative indications
Obstruction from stricture
Phlegmon
Fistula
GIT bleeding
Abscess

Asymptomatic

Quiescent disease, stable
on medical therapy
remission

Failure of medical therapy
No consensus.
Defined as failure
to achieve sufficient
response or develops
significant complications
from medical therapy.
Failure of complete
clinical response within
8-12 wk with oral steroids
(40 mg daily, titrate up
for response)

Surveillance and review
of medical treatment

Nil cancer, DALM, high
grade dysplasia

Cancer, DALM, high
grade dysplasia

Surgery

Figure 1 Indications for surgery in Crohn’s disease. DALM: Dysplasia-associated lesion or mass.

SLB
SI

Figure 2 Stricturing disease. SLB: Strictured large bowel; SI: Strictured ileum.
[12]

strictures post-surgery for CD. Stricturing disease
phenotype has often been associated with penetrating
disease phenotype.

of intestinal-genitourinary fistulas . Occasionally,
patients may present with phlegmon without abscess
or fistula.

Intraabdominal phlegmon, abscesses and fistulae

Perforation

Abscesses, phlegmons and fistulae in CD are
associated with a penetrating phenotype. Younger
patients with CD are more likely to have penetrating
[10]
disease . Intra-abdominal abscesses are common in
CD, and may be associated with fistulae and/or intraabdominal sepsis. Approximately one third of patients
with CD develop intra-abdominal fistulae during their
lifetime. Enteroenteric fistulae are the most common,
followed by enterocutaneous and enterosigmoid
[11]
fistulae . Pregnancy is associated with higher rates

WJG|www.wjgnet.com

Free perforation is the initial symptom of CD in
[13]
[14]
1%-3%
up to 30% . Free perforation is the
indication for surgery in 1%-16% of surgical inter
[15]
vention in CD . The mean time from initial diagnosis
to perforation is approximately 3 years, shorter in
duration than development of fistulas, strictures and
[14]
intra-abdominal abscesses . Perforation may be
from regional severe colitis or ileitis, or from toxic
megacolon associated with fulminant colitis. A high
index of suspicion is required as corticosteroids may
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Figure 3 Large bowel stricture in Crohn’s disease. Final pathology adenocar
cinoma (arrow).

Figure 4 Pseudopolyps (arrow marks a pseudopolyp) in Crohn’s disease.

mask the symptoms of perforation, leading to delayed
management and increased mortality risk.

Toxic megacolon may be associated with fulminant
colitis and with co-infections such as clostridium
difficile. Toxic megacolon may be associated with
commencement of narcotics and anti-diarrhoeals used
to manage bloody diarrhoea associated with severe
colitis. For this reason, in general, anti-diarrhoeals
should be avoided in management of colitis associated
with CD.

Failure of medical therapy

Failure of medical therapy is defined as failure to
achieve sufficient response, development of significant
complications from medical therapy, non-compliance
with medical therapy, incompatibility with lifestyle or
livelihood and steroid dependence with intolerability to
other medications. There is no consensus as to what
is sufficient response. A common definition is failure
of complete clinical response with 8-12 wk of oral
steroids and other agents. Approximately 20%-30% of
CD patients do not respond to steroids, and up to 45%
[16]
of CD patients will relapse on weaning of steroids .
Patients who have good response to medical therapy,
and are able to tolerate immunosuppressants are
usually recommended to remain on therapy for at least
[17]
3 to 4 years to reduce the likelihood of early relapse .
Oral prednisolone is usually started at 40 mg
daily, and titrated up for clinical response for up to 12
[18]
wk
with commencement of immunomodulators or
biological agents. As immunomodulators take up to
16 wk for response, some definitions of failed therapy
suggest ongoing symptoms and signs despite medical
therapy for up to 16 wk.

Major gastrointestinal bleeding

Neoplasia and dysplasia

Cancer of the small bowel and colon is an absolute
indication for surgery. The risk of cancer ranges
[9,23,24]
, representing a 2-3 times
from 1%-5% in CD
increased risk of developing colorectal cancer and >
18 times increased risk of developing small bowel
[25,26]
cancer when compared to the general population
.
Patients may present with bowel obstruction (Figure
3), bleeding or non-specific gastrointestinal symptoms,
or cancer may be detected during surveillance
colonoscopy. Colorectal cancer in CD usually develops
at an earlier age when compared to the baseline
[27]
population . For patients with CD colitis, the risk
[28]
of developing cancer is 3%-4% . Severe ileitis is
associated with increased risk of small bowel cancer
(approximately 2%). Dysplasia, earlier age of diagnosis
of CD, extensive colitis or ileitis, length of disease > 10
years, presence of pseudopolyps (Figure 4), presence
of anal fistula or other penetrating disease and primary
sclerosing cholangitis is associated with increased risk
[28,29]
of cancer in CD
.

[19]

Severe gastrointestinal haemorrhage is rare .
Approximately 5% of CD patients will experience
a major GIT bleed during their lifetime. It most
commonly arises from ulcerated colonic areas, with
colonic involvement more likely than small bowel
[20]
involvement .

Growth retardation

One in 4 patients with CD are diagnosed before the
age of 18 years old. CD has a bimodal distribution, with
patients diagnosed during childhood and adolescence
with a more severe phenotype. Growth retardation
is associated with poor nutritional status associated
with CD due to malabsorption and administration of
[30]
corticosteroids .

Toxic megacolon

In CD, the rate of toxic megacolon is approximately
[21]
2% . Toxic megacolon is defined by total or
[22]
segmental colonic distension and systemic toxicity .
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been reviewed in meta-analyses, and are considered
[42]
safe .

SURGICAL OPTIONS IN SMALL BOWEL
AND LARGE BOWEL CD

Colonic

Stricture and obstruction

For large bowel strictures not complicated by fulminant
colitis, toxic megacolon or cancer, segmental resection
and anastomosis with or without diversion for localised
disease offers better quality of life, although it is
associated with a higher risk of recurrence. Prabhakar
[43]
et al
reported on 49 patients who had segmental
colon resection without a permanent stoma for primary
colonic CD followed up for over 10 years. Forty-five
percent required no further treatment, 22% required
medical therapy (only 8% required medical therapy
for > 1 year) and only 33% required re-operation
(10% multiple re-operations). A significant proportion
remained stoma free, and of those who subsequently
required a stoma, the average stoma-free interval was
approximately 2 years.
[44]
A meta-analysis by Tekkis et al
reported that
segmental colectomy with primary anastomosis was
just as good as colectomy with ileorectal anastomosis
for single segment colonic CD with no increase in
recurrence. Recurrence rates only increased when
segmental colectomies were performed for CD patients
[44]
who had two or more colonic segments involved .
For this reason, segmental resections for localised
colonic CD strictures or colitis is a reasonable option.
Total colectomy is reserved for patients with multiple
strictures, severe pancolitis, fulminant colitis, toxic
megacolon or cancer.
Stricturoplasties may be performed for CD large
[45]
bowel strictures with good functional outcomes .
It is not commonly performed as it is associated
with increased recurrence rates when compared to
[45]
resection . There is however, no evidence that large
bowel stricturoplasty increases the leak rate when
[45]
compared to resection .

Stricturing CD, when associated with internal fistula,
small bowel obstruction, bowel dilation > 3 cm or
inflammatory phlegmon or abscess, are considered
[31]
high risk strictures that usually require surgery .
Patients with fibrotic anastomotic strictures rather
than de novo strictures are also more likely to require
[32]
surgery .
Surgical options include resection of stricture with
primary anastomosis or stricturoplasty. Stricturoplasty
[33]
leads to higher surgical recurrence than resection .

Ileocolic

The most common surgery for stricturing disease in
CD is ileocolic resection for ileocaecal or distal ileal
[9]
disease . Approximately 87% of patients with ileocaecal
[34]
disease eventually require resection . A significant
proportion ileocolic resections for CD are performed
[35]
in the emergency setting . While there is no benefit
from initiation of anti-TNF therapy prior to surgery for
[36]
patients with severe ileocaecal CD , there is evidence
that percutaneous drainage of abscess prior to surgery
reduces the risk of anastomotic leak and rates of faecal
diversion and this should be considered in stable patients
without generalised peritonitis or clinical deterioration.
If a CD patient is dependent on steroids and has a preoperative abscess and requires immediate surgery, the
risk of anastomotic complications is 40% and a stoma
[35]
should be strongly considered .
Eighty percent of ileocolic resections are without
[37]
clinical recurrence at 2 years
and the long term
[34]
relapse rate is 36% . Ileocolic resections are often
complicated by chronic diarrhoea due to loss of ileo
[38]
caecal valve . Novel methods of forming pseudovalves, such as the nipple valve anastomosis technique
[39]
have been reported , but there is no evidence to
recommend routine formation of pseudovalves post
ileocolic resection.
Approximately 30% of patients post ileocolic
resection develop an anastomotic stricture. Dealing with
an anastomotic stricture associated with recurrent CD
is difficult and usually require resection if endoscopic
balloon dilatation (EBD) fails. Stricturoplasties are
associated with short term resolution of symptoms
[40]
but a higher rate of recurrence than for resection ,
particularly in children and adolescents with CD.

Non-surgical management of strictures

Not all stricturing disease requires surgery. The benefit
of EBD is that 1 in 2 have sustained response and
[46]
may avoid surgery , albeit requiring repeated EBD.
Repeated interval stricture dilation has been successful
in delaying the need for surgery without significant
[47,48]
morbidity
.
Despite short term success rates for EBD being
[49,50]
favourable
, there is an increased rate of reintervention and complications with EBD. The long[51]
term outcome after surgery is better than for EBD
and salvage surgery after failure of EBD is associated
with higher risk of stoma, surgical site infections,
reoperations and readmissions when compared with
[52]
surgery first approach .
Stenting for CD strictures has been described in
[53-55]
case reports with reasonable short term outcomes
.
However, this is not commonly performed, and there is
insufficient evidence to recommend this practice.

Ileal

Stricturoplasties are considered a safe alternative to
resection and are an important strategy to preserve
bowel length.
The Heineke-Mikulicz and Finney techniques are the
[41]
most common types of stricturoplasty procedures .
Other techniques of stricturoplasties such as the
Michelassi technique and modified approaches have also
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I

for ileostomy, and avoids the morbidity of high failure
[58]
rates with conservative management alone .
There is no evidence for surgical drainage of abscess
without intestinal resection. This has no advantage over
[62]
percutaneous drainage .

S

Intra-abdominal fistulae: Anti-TNF therapy heals
about one third of fistulae. The rest require surgery.
Traditionally, majority of intra-abdominal fistulae
undergo intestinal resection and primary anas
[11]
tomosis . The main caveats in CD fistula are large
bowel fistulae are more likely to require surgery
[63]
than small bowel fistulae
and colo-cutaneous and
entero-cutaneous fistulae usually require surgical
[64]
intervention , although in the era of anti-TNF therapy,
medical management facilitates fistulae closure in up
[65]
to one-third of patients . (1) Small bowel fistulae:
Long term remission may be achieved with medical
therapy, such as ileovesical fistulae when there are
no other CD complications. However, when small
bowel CD fistulae are complicated by intraabdominal
abscesses, small bowel obstruction or enterocutaneous
[63]
fistulae, most cases usually still require surgery .
Surgery for enteric fistulae is associated with low
[66]
rates of complications and recurrence . Small bowel
resection with primary anastomosis without diversion
is usually associated with reasonable outcome. And
(2) Large bowel fistulae: Surgery is nearly always
indicated. A common large bowel fistula is the ileosigmoid fistula (Figure 5), which is a well-known
manifestation of CD. These patients require ileocolic
resection and either primary repair or segmental
resection of the sigmoid, or a subtotal colectomy.
In a study of ileocolic resection and primary repair
of sigmoid vs ileocolic resection and segmental
resection of sigmoid vs subtotal colectomy, ileocolic
resection with primary repair or segmental sigmoid
[67]
resection was shown to have comparable morbidity .
However, there have been reports of increased rates
of postoperative sepsis with sigmoidectomy when
[68]
compared with primary repair of sigmoid . Subtotal
colectomy is not required unless there is moderatesevere pancolitis.

Figure 5 Ileosigmoid fistula with arrow marking contrast. Contrast flowing
from ileum to sigmoid. I: Ileum; S: Sigmoid.

Intraabdominal phlegmon, abscesses and fistulae

Phlegmons: Abdominal phlegmons may be treated
non-surgically with antibiotics and anti-TNF therapy
without the need for surgery if the patient is stable
with no evidence of generalised peritonitis or clinical
deterioration. Successful management of phlegmon
[56]
long term has been reported in the literature .
Intra-abdominal abscesses: The majority of intraabdominal abscesses require definitive surgical
[57]
management and intestinal resection . Immediate
surgical intervention should only be reserved for
unstable patients with generalised peritonitis or clinical
deterioration.
Drainage of abscess prior to surgery and delaying
surgery reduces the risk of anastomotic complications.
Emergency surgery for intra-abdominal abscess when
patient is septic and on steroids is associated with high
[35]
anastomotic leak rates .
There is, however, a high failure rate with percu
taneous drainage alone. In paediatric patients with
intraabdominal abscesses, over 60% of patients initially
managed medically or treated with percutaneous
[57]
drainage will require surgery within 1 year . In adult
CD, medical management and percutaneous drainage
alone without removing the diseased intestine is
[58]
associated with an unacceptably high failure rate ,
particularly for patients with larger abscesses or
[59]
abscesses with a detectable fistula on imaging .
It is reasonable to consider non-surgical treatment
of abdominal abscesses if there is no abscess or fistula
on repeat imaging and there is no ongoing steroid
[60]
requirement . Initial management with non-surgical
management may reduce the need for surgery in a
[61]
small number of cases , although majority require
surgery.
For larger or complex abscesses or when associated
with fistula, planned bowel resection after initial mana
gement with percutaneous drainage of abscess, high
dose steroids (up to 300 mg IV hydrocortisone per
day) and IV antibiotics for at least 5 d increases the
likelihood of primary anastomosis without the need

WJG|www.wjgnet.com

Perforation

Perforation is an absolute indication for surgery. Surgical
management depends on the site of perforation.
Simple suture closure of the perforation is associated
with a high mortality rate, and intestinal resection of
the perforated viscus is warranted. If there is faecal
contamination, abscess or the patient is on high dose
steroids, then primary anastomosis is associated
with significant risk of anastomotic complications.
Patients on corticosteroid dose equivalent to 20
mg of prednisolone or greater have anastomotic
[69]
complication rates of up to 20% . If perforation is
associated with severe ileitis, a temporary abcarian
stoma may be safer than primary anastomosis. If
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perforation is associated with severe CD colitis, a
segmental resection, subtotal or total colectomy and
end ileostomy may be performed with an exteriorised
mucus fistula or stump placed intraperitoneally or
subcutaneously. In considering whether to provide
the patient with a stoma in the setting of perforated
[70]
CD, high degree of contamination, low albumin
[35]
and presence of intra-abdominal abscess
should be
considerations towards faecal diversion.

systemic toxicity and abdominal pain in a CD patient is
[22]
an indication for surgery .
Steroids and biological agents are often used but
medical management including bowel rest and total
parenteral nutrition often fail.
Subtotal colectomy, end ileostomy and subcutaneous
placement of sigmoid stump or exteriorisation of the
stump is associated with lower mortality than total
[73]
colectomy in the management of toxic megacolon .
The decision to operate is based on clinical acumen
as emergency surgery is guided by clinical signs of
impending perforation rather than an exact diameter of
colon demonstrated on CT or X-ray.
Dealing with the retained rectum or rectosigmoid is an
important consideration after subtotal colectomy. There
is no evidence that a second stoma or mucus fistula
improves outcome. Subcutaneous placement of the
stump has the lowest reported morbidity. Intraperitoneal
placement is associated with a significantly higher risk of
[74]
pelvic sepsis from stump blowout .

Failure of medical therapy

CD patients who continue to have symptoms of ab
dominal pain, severe diarrhoea, bleeding, obstructive
symptoms, weight loss, malabsorption, dehydration or
signs of systemic toxicity despite 12-16 wk of medical
therapy including steroids and first and second line
immunomodulators and biological agents require
surgery. Surgical options depend on the phenotype of
CD.
In patients with severe CD requiring emergency
admission to the hospital, failure to improve with
steroids over a 72 h period may require escalation to
surgery.
Not all patients should wait 12-16 wk before
escalating to surgery, particularly patients with
severe stricturing ileocolic disease which usually fails
[36]
conservative management , or patients with risk
factors for further medical therapy. These patients
should have surgery earlier than 12-16 wk if not
responding early to medical therapy.

Cancer

Major gastrointestinal bleeding

The majority of bleeding resolves spontaneously or
with medical management - conservative measures
are successful in 80% of cases. This includes blood
transfusions, supportive measures, corticosteroids,
cyclosporins and biological agents. However, 40%
of patients with massive bleeding experience
severe re-bleeding episodes. Medications such as
infliximab are useful in combating the long term risk
[71]
of bleeding recurrences . To control acute massive
bleeding, interventions such as angio-embolisation
and endoscopic treatment should be attempted, but
often fail. This is because of difficulties in identifying
a precise bleeding point both angiographically and
endoscopically as bleeding usually occurs in multiple
[20]
inflamed areas . From a therapeutic point of view,
endoscopic or radiological haemostasis has a low rate
[19]
of success .
Surgery is reserved to salvage patients with intra
ctable bleeding who clinically deteriorate or become
[72]
haemodynamically unstable . A total colectomy is
indicated in life-threatening cases refractory to nonsurgical management. Surgery usually is effective with
[20]
a low risk of rebleeding , however is associated with
high morbidity.

Dysplasia

The risk of cancer with high grade dysplasia is > 70%,
[76]
and with low grade dysplasia about 30%-40% .
Approximately 50% of cancers in CD is associated with
[77]
dysplasia .
Dysplasia is usually multifocal in CD colitis, and
for this reason, segmental or subtotal colectomy for
dysplasia is associated with high risk of developing
subsequent malignancies. For patients assessed to be
fit for surgery, total colectomy or proctocolectomy is
recommended. High risk surgical candidates should
have close endoscopic surveillance if the risks of
[76]
surgery for dysplasia outweigh the benefits .
Dysplasia surveillance: CD colitis is associated
with increased risk of cancer. Yearly colonoscopy is
recommended for high risk CD patients who have one
or more high risk factors including moderate to severe
active inflammation, colonic stricture or dysplasia in

Toxic megacolon

A diameter of the transverse colon of > 5.5 cm with

WJG|www.wjgnet.com

[15]

The recent practice guidelines by Strong et al
on
surgical management of CD provided strong reco
mmendations for total proctocolectomy for patients with
cancer, DALM, high grade dysplasia or multifocal low
grade dysplasia. The rationale for total proctocolectomy
is the high rate of metachronous cancers seen following
segmental or subtotal colectomies associated with
[75]
CD
- up to 40% for segmental resection, and 35%
for subtotal colectomy. The mean time for development
of metachronous cancer is approximately 7 years
[75]
from initial surgery . While the current guidelines
recommend total proctocolectomy for CD associated
colon cancer, a meta-analysis has shown increased risk
[26]
of colon cancer but not rectal cancer in CD and a total
colectomy with surveillance of the remaining rectum is a
reasonable option.
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the past 5 years, primary sclerosing cholangitis or
family history of colorectal cancer < 50 years old.
3-yearly colonoscopy is recommended for intermediate
risk CD patients including mild active colitis, infla
mmatory polyps or family history of colrectal cancer
> 50 years old. Patients are low risk if there is no
active inflammation (even with extensive colitis <
50% of colon), and these patients require 5-yearly
[78]
colonoscopy .

is limited evidence for advancement flap closures,
debridement, fistula plug and fibrin glue. The current
gold standard is long-term setons with infliximab
therapy. Closure rates of up to 60% for perianal CD
fistulae have been reported,although results have been
[87]
mixed . If the patient is asymptomatic, however,
there is no need for surgery or setons.
There is a very limited role for faecal diversion. As
biological drugs may induce full regression in 80% of
[88]
cases of anorectal disease , diversional stoma for
perianal disease should be reserved for difficult cases
refractory to medical therapy and drainage. There is
a high likelihood that “temporary” faecal diversion to
[89,90]
manage severe perianal CD is usually permanent
.
[90]
Sauk et al
reported 49 patients who underwent
faecal diversion for severe CD perianal disease of
which 15/49 (30.6%) had reversal of stoma but ten
of these (66.7%) required re-diversion of the faecal
stream. Of the five patients who maintained intestinal
continuity, three required further surgical interventions
to control sepsis. The likelihood of restoration of
intestinal continuity post faecal diversion is less than
[89]
20% . In CD, perianal disease remains the most
[9]
common reason for stoma .
Only patients with very severe anorectal involvement
with CD, including anovaginal or rectovaginal fistulae,
should have total proctocolectomy as anorectal CD
usually responds well to biological agents with full
regression of disease.

Growth retardation

Paediatric CD may be complicated by growth retar
dation. Well-timed surgery for CD before puberty
begins can help to control disease activity and im
prove nutritional status and reduce corticosteroid
[30]
requirement . However, early surgical recurrences are
common due to more severe CD phenotype in younger
[79]
patients, and this may limit the benefit of surgery .

INDICATIONS FOR SURGERY IN
PERIANAL CD
Perianal pathology occurs in 40%-80% of patients
[80]
with CD . Colonic and rectal CD phenotypes are
[81,82]
associated with increased risk of perianal disease
.
Anal fistulae in CD may be secondary to CD or
associated with cryptoglandular origin. Anal cancers
are rare in CD. There is not a significant increase
in incidence of anal cancers in CD compared to the
normal population.

Anal cancer

Anal cancers are not common in CD and are difficult
to diagnose. Only 61 cases of carcinomas arising in
perineal fistulas associated with CD was reported in a
[91]
systematic review in 2009 .
In the majority of reported case, biopsies were only
[91]
proven in 20% of cases . A high index of suspicion
for malignancy is required as biopsies of malignancy
have a high false negative rate, with malignant cells
deep within fistulae. In CD anal cancers, there is
similar incidence of adenocarcinomas and squamous
cell cancers.
The treatment modalities for anal cancers asso
ciated with CD is the same as with anal cancers in the
normal population.

SURGICAL OPTIONS FOR PERIANAL CD
Perianal fistulae and abscesses

Perianal disease causes significant impairment in the
[83]
quality of life for CD patients . 20% of CD patients
[84]
require perianal surgical intervention at some stage
although the rate of surgery for perianal disease in
CD is falling with increasing use of thiopurine and
[85]
infliximab therapy .
The management of perianal abscesses in CD is
the same as for the normal population - incision and
drainage of abscess. Perianal abscesses may often be
associated with complex fistulating disease or may be
crypto-glandular. Endoanal ultrasound and magnetic
resonance imaging (MRI) may be useful to evaluate
complex perianal disease.
For perianal fistulae, medical therapy is the main
stay of treatment. Surgery is reserved for patients who
develop abscesses or sepsis. Anti-TNF therapy has
been shown to be an effective treatment for closure
[65]
of perianal fistulizing CD . Infliximab or adalimumab
step up therapy for CD guided by assessment of
disease severity by anal ultrasound is associated with
[86]
a high rate of fistula closure .
Low CD perianal fistulae may be treated by
fistulotomy. Complex or high CD fistulae should be
managed with placement of long-term setons. There
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Anal fissures and tags

Anal fissures and bulky skin tags are common in CD.
Avoid extensive surgery due to poor wound healing
for skin tags and fissures. In the management of
fissures, avoid lateral sphincterotomy. Management
with lifestyle changes, botox and immunomodulators
is preferable to surgery.

TECHNICAL CONSIDERATIONS IN
SURGERY FOR CD
Minimally invasive surgery

Laparoscopic colectomy is safe in the management
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[92,93]

[94-96]

of CD
and has short term benefits
including
reduced blood loss, decreased rates of ileus and
[97,98]
shorter length of stay
as well as decreased
[95]
incisional hernia rates . The main benefits of laparo
scopic surgery are short term. Reoperation rates,
endoscopic and radiologic recurrence are similar
[99]
between both open and laparoscopic groups . A
potential long term benefit of laparoscopic surgery
may include lower incidence of adhesional bowel
[100]
obstructions .
Importantly, laparoscopic colectomy does not
[67]
add to morbidity
and may reduce the risk of postoperative enteric fistula when compared with open
[101]
surgery
. Laparoscopic surgery may be used su
[102]
[103]
ccessfully in complex CD
and recurrent CD
.
While laparoscopic surgery has also been shown to be
safe in patients with previous midline laparotomy for
intestinal resection for CD, no significant advantage,
except reduced wound infection rates, has been
[104]
demonstrated .
The conversion rate for laparoscopic surgery in the
[103]
setting of CD has been reported between 8.5%
[105]
to 13.4%
. The predictors for conversion include
complex fistulating disease and the need to carry out
[103]
multiple stricturoplasties .
Single incision laparoscopic surgery in CD has
been shown to be safe, with results comparable with
[106-108]
traditional laparoscopic procedures
.

The ileal pouch anal anastomosis (IPAA) is asso
ciated with high failure rates and poor functional
[113]
outcomes
, particularly for CD with NOD2 mutation
[114,115]
which is associated with severe pouchitis
.
Inflammation in the pouch is significantly higher for
[116]
CD than for UC
. However, most cases of pouchitis
can be managed with antibiotics, and those that are
antibiotic resistant may be treated successfully with
[117]
thiopurines alone
. Stricturing disease of the pouch
also respond well to thiopurines but fistulising disease
does not respond well to medical therapy and even
with step up therapy to infliximab, the stoma rates are
[117]
high
.
The risk of malignancy within the IPAA associated
with CD is small, with only a handful of case reports.

Anastomosis

1

CONCLUSION
The management strategies of CD are largely dependent
on phenotypic classification and indication. Advances
in surgical management has reduced perioperative
[118]
mortality rates to < 1%
, with minimally invasive
surgery shown to be safe in CD. However, unfortunately,
improvements in surgical techniques have only been
accompanied by modest improvements in surgical rates,
recurrences and overall mortality.
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MINIREVIEWS

Effects of a high fat diet on intestinal microbiota and
gastrointestinal diseases
Mei Zhang, Xiao-Jiao Yang
overwhelming material abundance, high fat, high
sugar and high protein diets are common. Numerous
studies have determined that diet and its impact on gut
microbiota are closely related to obesity and metabolic
diseases. Different dietary components affect gut
microbiota, thus impacting gastrointestinal disease
occurrence and development. A large number of
related studies are progressing rapidly. Gut microbiota
may be an important intermediate link, causing
gastrointestinal diseases under the influence of changes
in diet and genetic predisposition. To promote healthy
gut microbiota and to prevent and cure gastrointestinal
diseases, diets should be improved and supplemented
with probiotics.
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Core tip: Along with the rapid development of society,
lifestyles and diets have gradually changed. Due to
overwhelming material abundance, high fat, high
sugar and high protein diets are common. Numerous
studies have determined that diet and its impact on gut
microbiota are closely related to obesity and metabolic
diseases. Different dietary components affect gut
microbiota, thus impacting gastrointestinal disease
occurrence and development. A large number of related
studies are progressing rapidly. In this review, we
summarize the relationship between a high fat diet,
gut microbiota and gastrointestinal diseases.
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Abstract
Along with the rapid development of society, lifes
tyles and diets have gradually changed. Due to
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reduced in mice fed a high fat and high sugar diet.
However, control diet consumption gradually reversed
these changes. Furthermore, one study investigated
varying proportions of dietary fatty acids in mice
for 8 wk. A diet high in saturated fatty acids led to
an increased proportion of intestinal Firmicutes and
[7]
decreased intestinal flora diversity . This study
suggests that dietary fats and saturated fatty acid
intake may affect intestinal flora composition. One
study found that converting a low sugar, low fat diet
to a high sugar, high fat diet caused a rapid decline
[8]
in the number of Bacteroidetes in the intestines .
Another study also suggested that the number of
Bacillus bifidus was reduced in mice fed a high fat
[9]
diet . Animal studies have demonstrated a significant
reduction in the number of lactic acid bacteria, Bacillus
bifidus and Enterococcus in the intestinal tract of the
group fed a high fat diet. Furthermore, the phylum
Bacteroidetes displayed a decreasing trend, while the
[10,11]
Bacillus fusiformis displayed an increasing trend
.
Human experiments have also demonstrated that
dietary composition affects intestinal flora. Compared
with Italian children who consume a large amount of
plant protein, fat, sugar and starch, the proportion of
Bacteroidetes in the intestinal flora of African children
[12]
was high, while the proportion of Firmicutes was low
(Table 1).

INTRODUCTION
Along with the rapid development of society, lifestyles
and diets have gradually changed. Due to overwhel
ming material abundance, high fat, high sugar and
high protein diets are common. Numerous studies
have determined that diet and its impact on gut
microbiota are closely related to obesity and metabolic
[1]
diseases . Different dietary components affect gut
microbiota, thus impacting gastrointestinal disease
occurrence and development. A large number of
related studies are progressing rapidly. In this review,
we summarize the relationship between a high fat diet,
gut microbiota and gastrointestinal diseases.

BASIC COMPOSITION OF INTESTINAL
MICROBIOTA
The intestinal tract is the primary site of bacterial
colonization in the human body. These complex
and diverse bacteria form the gut flora. There are
more than 1000 bacterial species in the human
8
gut and this number can reach as high as 1 × 10
species. The intestinal flora is primarily composed
of anaerobes, facultative anaerobes and aerobes.
Anaerobes comprise more than 99% of gut microbes.
The intestinal flora of the human body primarily
includes Firmicutes, Bacteroidetes, Actinomycetes,
Proteobacteria, Verrucomicrobia and Archaebacteria.
More than 90% are Firmicutes or Bacteroidetes.
The Firmicutes, Bacteroidetes, Proteobacteria and
Actinomycetes comprise 64%, 23%, 8% and 3% of the
[2]
gut microbiota, respectively . The intestinal flora of
the human body is established in infancy and gradually
stabilizes with age. By approximately 2 years of age,
[3]
it is similar to the adult intestinal flora . The intestinal
flora composition differs by age group. The proportion
of Firmicutes and Bacteroidetes in infants, adults and
[4]
the elderly is 0.4, 0.9 and 0.6, respectively .

RELATIONSHIP BETWEEN INTESTINAL
MICROBIOTA AND GASTROINTESTINAL
DISEASES
The composition and proportion of gut microbiota are
closely related to human health. Upsetting the gut
microbiota equilibrium can cause enteric dysbacte
riosis and a variety of gastrointestinal and systemic
[13]
diseases .

Intestinal microbiota and inflammatory bowel disease

Inflammatory bowel disease (IBD) comprises a group
of inflammatory conditions of the colon and small
intestine, including Crohn’s disease (CD) and ulcerative
colitis (UC), the cause and pathogeny of which are
not completely understood. Gut microbiota are
closely related to IBD occurrence and development.
Although the specific bacteria involved in IBD have
not been identified, the gut microbiota in patients
with IBD differs from those of healthy individuals.
[14]
One study
determined that the total number of
mucosa-associated bacteria in the IBD group was
higher than that in the control group. In the CD group,
Streptococcus was dominant in the inflammatory
mucosal region, while in the UC group, lactic acid
Bacillus was dominant. Studies have demonstrated
that the number of Faecalibacterium prausnitzii
[15]
decreased in patients with CD . Their secretory
[16]
products have immune regulatory activity in vitro .
IBD pathogenesis includes intestinal flora imbalance,

EFFECT OF A HIGH FAT DIET ON
INTESTINAL MICROBIOTA
Diet is an important factor determining intestinal flora
composition. It plays a critical role in the colonization,
maturation and stability of the intestinal flora. Both
animal and human experiments have demonstrated
that dietary changes can rapidly affect intestinal
flora structure. Within 4 d of eating a specific dietary
component, the human intestinal flora composition will
[1,5]
change significantly .
Animal experiments have indicated that dietary
structure affects intestinal flora. The proportion of
Bacteroidetes decreased and the proportion of
Firmicutes increased, which increased the proportion
of Mollicutes in the intestinal tracts of mice fed a high
fat and high sugar diet compared with mice fed a low
[6]
fat and high sugar diet . Intestinal flora diversity is
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cause cancer directly. However, it is unclear which
species of bacteria play a primary role in causing
[25-27]
cancer
. There are two theories regarding the
pathogenesis of colorectal cancer associated with
intestinal flora. First, some intestinal bacteria may
either directly or indirectly affect intestinal epithelial
cells, causing genetic mutations. These bacteria are
[28]
defined as “Alpha-bugs” . Their direct effects include
secreting toxic proteins and the indirect effects include
changes in intestinal flora that are more likely to cause
mucosal immune responses and changes in colonic
epithelial cells. When gene mutations accumulate, it
can lead to colorectal cancer. The second theory is
[29]
named the “driver-passenger” model . Following
colorectal cancer incidence, primary pathogens (defined
as “drivers”) are replaced by opportunistic pathogens
(defined as “passengers”), which are more viable
in the intestinal tumor microenvironment. Possible
mechanisms of intestinal flora-induced colon cancer are
summarized as follows: (1) the carcinogen precursor
is absorbed by the stomach, then secreted into the
intestinal cavity by the liver and the active ingredient is
released by intestinal flora activity; (2) the carcinogen
precursor in food is released by intestinal flora activity;
and (3) metabolites produced by intestinal flora induce
carcinogenic effects. Many studies have explored
[30]
the role of probiotics in colon cancer prevention ;
however, there is not yet a consensus.

Table 1 Effect of a high fat diet on intestinal microbiota
Diet

Intestinal flora

Animal
experiments

Human
experiments

High fat diet

Bacteroidetes
Firmicutes
Bacteroidetes
Firmicutes

Decreased
Increased
Increased
Decreased

Decreased
Increased
Increased
Decreased

Low fat diet

increased pathogenic bacteria, toxin damage to the
intestinal epithelium, immune function abnormalities
and immune tolerance imbalance. Intestinal bacteria
can induce epithelial endoplasmic reticulum stress,
leading to intestinal mucosal barrier damage and
increased intestinal permeability. Probiotic supplements
in patients with IBD can effectively alleviate symptoms
[17,18]
and delay disease progress
.

Intestinal microbiota and irritable bowel syndrome

Irritable bowel syndrome (IBS), affecting approxi
mately 5%-25% of the population, comprises a
group of symptoms, including abdominal pain and
changes in bowel movement patterns, without any
evidence of underlying damage. The mechanisms of
IBS are unclear. One study found that 3%-36% of
intestinal infections can cause persistent symptoms
of IBS, which suggests that gut microbiota play an
[19]
important role in IBS onset . Intestinal flora may
affect gastrointestinal motility, visceral sensitivity, the
inflammatory response and the brain-gut axis, which
leads to IBS. A number of studies have confirmed that
the intestinal flora of patients with IBS differs from
[20,21]
that of healthy individuals
. At present, however,
intestinal flora composition results in patients with
IBS have been inconsistent and some have been
contradictory. These inconsistencies may be owing to
differences in specimen collection, molecular detection
[22]
methods or definitions of IBS . The majority of
studies have found that the Bacteroidetes are reduced,
while the Firmicutes are increased in the intestinal flora
of patients with IBS. However, it is not yet determined
whether the changes in intestinal flora directly cause
or are secondary to IBS. In the future, treatment of
the intestinal flora imbalance may become an option
[23]
for patients with IBS .

Intestinal microbiota and liver disease

The intestinal blood flows through the portal vein
system to return to the liver. The liver affects intestinal
function by secreting bile into the enterohepatic
circulation. The physiological link between the two
organ systems is called the “intestine-liver axis”.
Studies have indicated that changes in intestinal
flora play an important role in liver disease incidence
[31]
and progression . Intestinal probiotics can improve
liver disease and are now widely used in its clinical
[32]
treatment . Nonalcoholic fatty liver disease (NFALD)
is one of the most rapidly growing chronic liver diseases.
A number of studies have indicated that intestinal
[33]
flora play an important role in NFALD development .
Bacterial overgrowth and intestinal permeability are
the primary mechanisms underlying endotoxemia
and inflammatory reaction-initiated liver disease. One
study confirmed the relationship between intestinal
[34]
bacterial overgrowth and NFALD . In another study,
the relationship between intestinal permeability and
[35]
NFALD was demonstrated in animal experiments .
Alcoholic fatty liver was also associated with gutderived endotoxemia. Specifically, ethanol intake in
the intestinal tract may cause intestinal mucosal injury
and intestinal flora disorder, resulting in increased
endotoxin-induced intestinal epithelial permeability,
[36]
bacterial translocation and endotoxemia . The
intestinal flora in patients with liver cirrhosis is
dramatically disordered. One study demonstrated

Intestinal microbiota and tumors

Colorectal cancer is a common gastrointestinal
tumor, the incidence and mortality rates of which are
increasing each year. Most colorectal cancers are due
to old age, lifestyle factors and underlying genetic
disorders. Additionally, changes in the gut microbiota
are closely related to colorectal cancer occurrence
[24]
and development . Many studies have detected
imbalances in the gut microbiota of patients with
colorectal cancer, while those of healthy individuals
are in equilibrium. Furthermore, some reports have
suggested that changes in the gut microbiota can
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a significant decrease in Bacillus bifidus and lactic
acid Bacillus in the intestinal tract of patients with
liver cirrhosis, suggesting the possibility of intestinal
[37]
bacterial translocation and increased infection . The
occurrence of primary hepatocellular carcinoma is also
[38]
associated with intestinal flora imbalance .

8

9

CONCLUSION

10

In summary, gut microbiota may be an important
intermediate link, causing gastrointestinal diseases
under the influence of changes in diet and genetic
predisposition. A diet that is high in fat, especially high
in saturated and trans fat, is closely related to obesity,
metabolic syndrome and gastrointestinal diseases;
polyunsaturated fats such as omega-3, omega-6
and omega-9 in right proportions are suggested as
substitutes. To promote healthy gut microbiota and
to prevent and cure gastrointestinal diseases, diets
should be improved with low fat, low sugar, high
fruit and vegetable intake and complex fibers and
supplemented with probiotics or increased fermented
dairy product consumption, such as yogurt and
buttermilk. It is essential for patients with GI diseases
to not only change their dietary composition, but
also to establish a healthy eating habit and pattern
to promote healthy microbiota as well as to alleviate
disease-associated syndromes. Maintenance of normal
gut microbiota may be a potentially key means of
preventing GI diseases in the future.
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Abstract
AIM
To evaluate the occurrence of resistant mutations in
treatment-naïve hepatitis C virus (HCV) sequences
deposited in the European hepatitis C virus database
(euHCVdb).
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METHODS
The sequences were downloaded from the euHCVdb
(https://euhcvdb.ibcp.fr/euHCVdb/). The search was
performed for full-length NS3 protease, NS5A and NS5B
polymerase sequences of HCV, separated by genotypes
1a, 1b, 2a, 2b and 3a, and resulted in 798 NS3, 708
NS5A and 535 NS5B sequences from HCV genotypes
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1a, 1b, 2a, 2b and 3a, after the exclusion of sequences
containing errors and/or gaps or incomplete sequences,
and sequences from patients previously treated with
direct antiviral agents (DAA). The sequence alignment
was performed with MEGA 6.06 MAC and the resulting
protein sequences were then analyzed using the BioEdit
7.2.5. for mutations associated with resistance. Only
positions that have been described as being associated
with failure in treatment in in vivo studies, and/or as
conferring a more than 2-fold change in replication in
comparison to the wildtype reference strain in in vitro
phenotypic assays were included in the analysis.

Kliemann DA, Tovo CV, da Veiga ABG, de Mattos AA, Wood
C. Polymorphisms and resistance mutations of hepatitis C virus
on sequences in the European hepatitis C virus database. World
J Gastroenterol 2016; 22(40): 8910-8917 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i40/8910.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i40.8910

INTRODUCTION
Chronic hepatitis C virus (HCV) infection affects around
180 million people worldwide and is a significant cause
[1]
of liver-related morbidity and mortality until recently.
Interferon-α in combination with Ribavirin was the
mainstream treatment regimen but eligibility and
safety of the interferon-based therapies were low, and
consequently the overall effectiveness of the treatment
was very limited. Fortunately, the development of new
direct-acting antiviral (DAA) drugs against HCV has
progressed significantly and resulted in oral interferon[2]
free therapies .
The three main therapeutic targets for HCV infection
are the NS3/4A protease, the NS5B polymerase,
and the NS5A replication complex. The first series
of interferon-free regimens, including combinations
of simeprevir (SMV), sofosbuvir (SOF), paritaprevir,
daclatasvir, ledipasvir (LDV), ombitasvir (OMV),
dasabuvir (DSV), grazoprevir (GZR) and elbasvir have
already been approved and recommended by the
European Association for the Study of the Liver (EASL)
and by the American Association for the Study of Liver
[3,4]
Diseases (AASLD) .
HCV variants infecting the human population show
extreme genetic diversity, which is partly explained by
the long evolutionary association between the virus
and its human host. HCV exists in the host as a swarm
of related quasispecies. This diversity is a result of
the error-prone viral polymerase combined with rapid
viral replication, which, in turn, enables the virus to
rapidly overcome the host immune responses and to
[5]
become resistant to antiviral drugs . The selection of
resistance-associated amino-acid variants (RAV) from
HCV quasispecies is dependent on drug-, host- and
virus-related factors. The potency of the drug itself is
primarily influenced by viral susceptibility, by previous
exposure to the drug and by the genetic barrier to
resistance. The ability of a RAV to persist and to induce
treatment failure (relapse, non-response or viral
breakthrough) is related to its fitness or its replication
[6,7]
capacity as compared to the wild-type virus .
Resistance to DAAs is driven by the selection of
mutations at different positions in the NS3 protease,
[8,9]
NS5B polymerase and NS5A protein . Each compound
or drug family induces a specific mutation profile that
may be characteristic of the viral genotype/subtype.
Furthermore, each class of DAA is characterized by a
difference in the genetic barrier to resistance. Even
though the specific resistance mutation for each
individual agent in the drug class differs, there is a

RESULTS
The Q80K variant in the NS3 gene was the most
prevalent mutation, being found in 44.66% of subtype
1a and 0.25% of subtype 1b. Other frequent mutations
observed in more than 2% of the NS3 sequences
were: I170V (3.21%) in genotype 1a, and Y56F
(15.93%), V132I (23.28%) and I170V (65.20%) in
genotype 1b. For the NS5A, 2.21% of the genotype
1a sequences have the P58S mutation, 5.95% of
genotype 1b sequences have the R30Q mutation,
15.79% of subtypes 2a sequences have the Q30R
mutation, 23.08% of subtype 2b sequences have a
L31M mutation, and in subtype 3a sequences, 23.08%
have the M31L resistant variants. For the NS5B, the
V321L RAV was identified in 0.60% of genotype 1a
and in 0.32% of genotype 1b sequences, and the
N142T variant was observed in 0.32% of subtype
1b sequences. The C316Y, S556G, D559N RAV were
identified in 0.33%, 7.82% and 0.32% of genotype 1b
sequences, respectively, and were not observed in other
genotypes.
CONCLUSION
HCV mutants resistant to DAAs are found in low
frequency, nevertheless they could be selected and
therapy could fail due resistance substitutions in HCV
genome.
Key words: hepatitis C virus resistance; quasispecies;
direct antiviral agents; polymorphisms; drug resistance
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Chronic hepatitis C virus (HCV) infection is
a significant cause of morbidity and mortality. The
main therapeutic targets are the NS3/4A protease,
NS5B polymerase, and NS5A replication complex.
Pre-existence of resistance associated variants to
direct antiviral agents (DAA) reduces sustained
virologic response rates. Despite the low frequency
of mutations, this resistant population is likely to be
selected in patients undergoing therapy with DAA.
Even though HCV variants resistant to DAA targeting
one viral protein remain susceptible to DAA targeting
another viral protein, combination therapy could fail
due to selection of HCV with resistance substitutions in
multiple targets.
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great concern about the possibility of cross-resistance
between compounds in the same inhibitor class,
[10]
especially for the NS3 protease and NS5A inhibitors .
The ability to detect RAV depends primarily on
the different types of the sequencing technologies
used, including population-based sequencing, clonal
sequencing and deep sequencing. The sensitivities for
detection by these three approaches were reported to
be approximately 25%, 5% and 0.5%, respectively,
and the presence of viral mutants below the detection
[11]
levels might be missed . For HCV the frequency
of routine testing of drug resistance prior to the use
of the new treatment regimens is not known. Some
[4]
guidelines suggest that routine monitoring for HCV
drug resistance-associated variants during therapy
should not be recommended and there is no consensus
on the utility of pre-treatment resistance testing.
Currently, there is a large number of HCV sequ
ences available on public databanks, however they
have not been analyzed to correlate HCV genotypes
and viral genomic characteristics with drug resistance
[11]
phenotypes . Three HCV databases are currently
available to provide insight into the basic biology,
immunology, and evolution of the virus: the Japanese
database (http://s2as02.genes.nig.ac.jp), the
European database (http://euhcvdb.ibcp.fr) and the
American database (Los Alamos National Laboratory)
(http://hcv.lanl.gov).
The objective of this study is to evaluate the
occurrence of polymorphisms and resistant mutations
in the NS3, NS5A and NS5B regions in treatment-naïve
HCV sequences deposited in the European hepatitis C
virus database (euHCVdb). This analysis will provide
insights into the levels of circulating drug resistance,
which may affect the success of the therapeutic
regimens.

prevalence and presence in drug trials, specifically
genotype 1 with protease inhibitors (PI) and genotype
3 with polymerase inhibitor. Reference strains for the
three genotypes were obtained (1a: AF009606, 1b:
D90208, 2a: D00944, 2b: D10988 and 3a: D17763).
Sequences containing missing data, such as gaps
and sequencing errors, and sequences from patients
previously treated with DAA were excluded from
the analysis. To ensure the quality of the analysis,
sequences with stop codons in the NS5B gene or
with ambiguities consisting of more than 2 bases per
nucleotide position or more than 2 ambiguities per
codon at individual drug resistance-associated position
were also excluded.

Alignment and edition of the sequences

The sequence alignment was performed with MEGA
[13]
6.06 MAC
followed by sequence editing, exclusion
of sequences with missing data, and translation of
the nucleic acids sequences into amino acids. The
resulting protein sequences were then analyzed using
BioEdit 7.2.5. to identify mutations associated with
[14]
resistance .

Analysis of natural polymorphisms

Known mutations associated with resistance to
protease-, NS5A complex- and polymerase-inhibitors
were used to search for polymorphism patterns among
[15]
HCV genotypes . Only positions that have been
described as being associated with failure in treatment
in in vivo studies, and/or as conferring a more than
2-fold change in replication in comparison to the
wildtype reference strain in in vitro phenotypic assays
were included in the analysis.

RESULTS
Database search

MATERIALS AND METHODS

The search resulted in 831 NS3, 869 NS5A and 6,065
NS5B sequences from HCV genotypes 1a, 1b, 2a, 2b
and 3a. After the exclusion of incomplete sequences
and those containing errors and/or gaps, and from
patients previously treated with DAA, 798 sequences
were included in the NS3 dataset. There were 313
from genotype 1a, 412 from genotype 1b, 19 from
genotype 2a, 26 from genotype 2b and 28 from
genotype 3a. There were 699 sequences identified
in the NS5A dataset, with 272 from genotype 1a,
353 from genotype 1b, 19 from genotype 2a, 26
from genotype 2b and 29 from genotype 3a. For the
NS5B polymerase there were 535 HCV sequences:
165 from genotypes 1a, 307 from genotype 1b, 19
from genotype 2a, 24 from genotype 2b and 20 from
genotype 3a. Notably, the NS5B region has more
than 5300 incomplete sequences deposited into this
databank.

HCV database

The sequences were downloaded from the euHCVdb
(https://euhcvdb.ibcp.fr/euHCVdb/). This bank
provides important data about the HCV sequences
(e.g. genotype, genomic region, viral proteins and
their functions, known 3-dimensional structures) and
ensures consistency of the annotations, which enables
reliable keyword queries. Users can extract subsets of
sequences obtained by Sanger sequencing matching
particular criteria or enter their own sequences and
analyze them with various bioinformatics programs
available on the same server. The euHCVdb is mainly
oriented towards protein sequence, structure and
function analyses and structural biology of HCV, and is
re-built every month from an up-to-date database by
[12]
an automated process .
The search was performed for full-length NS3
protease, NS5A and NS5B polymerase sequences of
HCV separated by genotypes 1a, 1b, 2a, 2b and 3a.
These subtypes were chosen due to their worldwide
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Table 1 Main amino acid substitutions found in the hepatitis C virus NS3 protease

1a
Position
36
80
155
156
168

wt
V (98.08)
Q (54.37)
R (99.36)
A (100)
D (99.36)

Variants
L (1.6)
M (0.32)
K (44.66) R (0.97)
K (0.64)
E (0.32)
G (0.32)

wt
L (0.74)
Q (93.37)
R (99.50)
A (100)
D (98.77)

Amino acid (frequency %)
HCV genotype
1b
2a
Variants
wt
Variants
I (0.25)
V (99.01)
L (100)
K (0.25)
L (6.39)
G (100)
P (0.50)
R (100)
A (100)
A (0.25)
E (0.98)
D (100)
-

2b
wt
L (100)
G (100)
R (100)
A (100)
D (100)

3a
Variants
-

wt
L (100)
Q (100)
R (100)
A (100)
Q (100)

Variants
-

Amino acids in bold are associated with resistance. wt: Wild-type; HCV: Hepatitis C virus.

in our dataset. Mutations L23M (0.37%), M28T (0.75%),
Q30H (1.47%), Q30R (0.37%), L31M (1.12%), P58S
(2.21%) and Y93C (0.37%) were observed, whereas
no variants were observed at NS5A position 32. Of
the 353 subtype 1b sequences analyzed, 0.28% had
the L23I mutation, 2.27% had L28M mutation, 5.95%
had R30Q mutation, 3.40% had M31L mutation,
3.68% had P58S mutation, and 4.25% had the Y93H
mutation. Of 19 subtype 2a sequences analyzed, one
(5.26%) sequence had the Q30R mutation, 3 (15.79%)
sequences had the M31L mutation, and one (5.26%)
sequence had the H58P mutation. For subtype 2b a
total of 26 sequences were analyzed, 6 (23.08%) with
the L31M and one (3.85%) with the S58P mutation. In
subtype 3a, for which 28 sequences were analyzed, the
resistant variants M28I, A30L and P58R were found,
each in a different sequence (3.57%) of the dataset.
Only M31L was found in more than one sequence
(23.08%) for this subtype. No mutation was found in
the NS5A sequence at position 32 of any subtype.

where resistance-associated amino acid substitutions
have been described in the literature for conferring
resistance to DAA. Amino acid substitutions related to
HCV resistance to DAA are described below.

Frequency of resistance-associated variants

NS3/4A PI (Table 1): The available PI are more
effective against HCV genotype 1 than to other
genotypes due to natural polymorphisms in the NS3
region of the latter, therefore they are only used in
the treatment of patients carrying HCV genotype 1.
Thus, our analysis discusses mainly the findings for
the genotype 1 dataset; nevertheless, the results for
the other genotypes are shown in Table 1. The Q80K
variant was the most prevalent mutation, found in
44.66% of the subtype 1a, and in 0.25% of subtype
1b sequences; the variant V80L was also observed in
6.39% of the latter. Other positions with frequencies
higher than 2% were I170V (3.21%) in genotype
1a, and Y56F (15.93%), V132I (23.28%) and I170V
(65.2%) in genotype 1b.
The V36L and V36M RAVs were identified in 1.6%
and 0.32% of genotype 1a sequences, respectively,
and in 0.74% and 0% of genotype 1b, respectively.
The T54S variant was observed in 0.97% of genotype
1a and in 0.5% of genotype 1b sequences. The
R155K variant was observed in 0.64% of genotype
1a sequences and was not observed in genotype
1b. There were two genotype 1b sequences (0.5%)
with P substitution at position 155. Finally, no RAV
A156T mutation was found in the 831 NS3 sequences
analyzed.
The prevalence of resistant variants for the PI
was found to be low in the dataset. Amino acid
substitutions conferring resistance to these drugs
were observed at NS3 position 168; the most frequent
mutation was D168E, which was found in 0.32% of
subtype 1a and in 0.98% of subtype 1b sequences.
The prevalence of known NS3 variants enriched for by
GZR was found to be low: F43S (0.31%) and Y56H
(0%) in the whole dataset; the NS3 Q41R mutation
was not observed.

NS5B polymerase inhibitors (Table 3): The NS5B
S96T, C223H/Y, and S282T variants were not observed
in any sequence in the present study, and the NS5B
N142T variant was observed in 0.32% of the subtype
1b sequences. The V321L RAV was identified in 0.6%
of genotype 1a sequences and in 0.32% of genotype
1b sequences.
The C316Y, S556G, and D559N RAVs were identified
in 0.33%, 7.82% and 0.32% of genotype 1b sequences,
respectively, and were not observed in other genotypes.
The M414T and Y448H RAVs were not found in any of
the 535 NS5B sequences analyzed.
Variants at NS5B positions 495 and 496 known
to confer resistance polymerase inhibitors were not
observed; on the other hand, the NS5B A421V and
V499A substitutions were found in both subtypes 1a
and 1b. The A421V mutation occurred in 9.64% of
subtype 1a and in 4.55% of subtype 1b sequences.
The V499A variant was the dominant amino acid
substitution in subtype 1a sequences (95.15%), while
for subtype 1b it was observed in only 9.74% of the
sequences; there has been no reported evidence for
negative clinical impact of the V499A.

NS5A replication complex inhibitors (Table 2): For
subtype 1a there were a total of 272 NS5A sequences
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wt
M
Q
L
Y

94.38
98.16
98.88
98.90

I
H
M
C

0.37
1.47
1.12
0.37

1a

0.75
0.37

0.74

T
R

H

V

4.49

wt
L
R
L
Y
97.17
92.35
96.03
95.75

M
K
M
H

2.27
1.13
3.40
4.25

WJG|www.wjgnet.com
1b
V
L/M
I

0.52
0.28
0.57
Q

5.95

wt
F
K
M
Y

Amino acid (frequency %)
HCV genotype

100
94.74
84.21
100

2a

R
L

5.26
15.79

wt
L
K
M
Y
100
100
76.92
100

2b

L

23.08

wt
M
A
L
Y
96.46
96.46
100
100

3a
I
L

3.57
3.57

The resistance to direct antiviral therapy has been a major problem in a number of chronic viral infections. While much attention has been given to studies about HIV
[16]
infection and resistance to antiviral therapy , the extent of mutations in the development of drug resistance in infection by HCV is less studied. The presence of HCV
mutations is mainly due to factors such as selection pressure, error-prone replication (because of RNA polymerase’s poor fidelity) and the high replication capacity of
[17]
the virus. It is believed that any mutant can be generated continuously in a HCV-infected patient . Hence, selected variants are considered to be pre-existent mutants
generated during the natural HCV life cycle. The incidence of resistant variants is variable and depends on the binding domain, as well as on the different HCV popu
lations, genotypes and subtypes.
With the exception of NS5B nucleoside analogues, the current DAAs target the NS3, as well as the allosteric sites of NS5B and NS5A, which all have a low threshold
[10,18]
of resistance
. Data from both replicon analysis and from clinical trials have consistently identified viral mutations that can be associated with antiviral treatment
[19]
[20]
failure . A recently published analysis found that 58.7% of the HCV sequences deposited in GenBank harbored at least one dominant resistance variant . In the
present study, the overall prevalence of patients with variants resistant to DAAs was found to be low.
The frequency of variants resistant to NS5A-inhibitors ranged from 0% to 4.25%. Variants resistant to polymerase-inhibitors were observed mainly in genotype 1b
and occurred in up to 7.82% (palm site), 2.41% (thumb site), and 9.74% (finger-loop site) of the sequences. These data corroborate other studies reported in the
[15,21]
[11]
literature
, and a comparasion with an analysis performed in Los Alamos databank showed similar results (Table 4).
Pre-existing dominant resistance mutations in the NS3 region are more common in treatment-naïve patients infected with genotype 1a (cumulative incidence 8.6%
[22]
vs 1.4%) . Within NS3, the resistant Q80K mutation, which is based on available data only relevant for SMV and ASV, was the most prevalent (44.66% genotype 1a,
[1,23]
0.25% genotype 1b) and this result corroborates the recent findings of Pol et al
with European patients where, Q80K was observed in 34.7% and 2.1% of subtype
1a and 1b patients, respectively. The mutation I170V, present in 3.21% of genotype 1a and 65.20% of the genotypes 1b sequences analyzed, has been reported as not
[24]
showing any influence on protease inhibitor activity . Therefore, considering the actual recommendations in EASL and AASLD guidelines, up to 45% of patients with
genotypes 1 have resistance mutations that can lead to treatment failure using PI.
The prevalence of resistant variants in the context of the NS5A inhibitors is highly dependent on viral subtype due to several positions having different baseline
[15]
amino acids in each subtype . Resistance against DVC, OMV, LDV is more common in genotype 1b (up to 4.25% of the sequences), but it can also occur in genotype
1a in less than 1.5% of the sequences. Furthermore, a broad cross-resistance between NS5A inhibitors is expected by the selection of mutations at codons 31 and/or
[24]
93 causing a loss in susceptibility to the majority of these compounds . Other researchers also determined Y93H as most frequent baseline NS5A RAV in genotype
[24,25]
1b (6%-23%), followed by L31M (3%-4%)
, whereas NS5A RAVs occurred at low frequencies in genotype 1a. Across the HCV genotypes, variation is observed at
several of the residues identified as important sites for resistance, and substitutions M28L, Q30R, H58P that were found in genotype 1b; M28F, Q30K, L31M, H58P in
genotype 2a; M28L, Q30K, L31M, H58P in genotype 2b and Q30A in genotype 3a could be defined as natural polymorphisms that distinguish those genotypes from 1a.

DISCUSSION

Amino acids in bold are associated with resistance. wt: Wild-type; HCV: Hepatitis C virus.

Position
28
30
31
93

Table 2 Main amino acid substitutions found in the hepatitis C virus NS5A protease
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Table 3 Main amino acid substitutions found in the hepatitis C virus NS5A protease
Amino acid (frequency %)
HCV genotype
1b

1a
Position
282
316
556

wt
S
C
S

99.40

R

0.60

wt
S
N
N

37.02
89.24

C
D

62.34
0.98

R/Y
G

0.32
7.82

N

1.95

2a
wt
S
C
G

2b
wt
S
C
G

3a
wt
S
C
G

Amino acid in bold are associated with resitance. wt: Wild-type; HCV: Hepatitis C virus.

Table 4 Resistance associated variants conferring resistance to direct antiviral agents

1

euHCVdb
DAA
NS3
Simeprevir

Paritaprevir
Grazoprevir
NS5A
Ledipasvir

Daclatasvir

Ombitasvir
Elbasvir

NS5B
Sofosbuvir
Dasabuvir

1a
RAV

Los Alamos
1b
RAV

1a
RAV

1b
RAV

V36M (0.32%)
Q80K (44.66%)
S122G (4.49%)
R155K (0.64%)
D168E (0.32%)

D168E (0.98%)

V36M (0.44%)
Q80K (36.62%)
n.a
R155K (0.88%)
D168E (0.29%)

R155K (0.64%)
D168E (0.32%)
A156T (0.00%)
D168E (0.32%)

D168E (0.98%)
A156T (0.00%)
D168E (0.98%)

R155K (0.88%)
D168E (0.29%)
A156T (0.00%)
D168E (0.29%)

D168E (0.80%)
A156T (0.00%)
D168E (0.80%)

n.a

n.a

n.a

n.a

n.a

n.a

S282T (0.00%)

S282T (0.00%)
C316N (36.17%)
C316Y (0.30%)
N556G (8.21%)

M28T (0.75%)
Q30H (1.47%)
Q30R (0.37%)
L31M (1.12%)
Y93H (0.74%)
Y93C (0.37%)
M28T (0.75%)
Q30H (1.47%)
Q30R (0.37%)
Y93H (0.74%)
M28V (4.49%)
Q30H (1.47%)
L31M (1.12%)
Y93H (0.74%)
S282T (0.00%)

Q80L (6.39%)
S122G (9.07%)

Q80L (6.02%)
n.a
D168E (0.80%)
D170T (0.20%)

Y93H (4.25%)

Y93H (4.25%)
Y93H (4.25%)

Y93H (4.25%)
S282T (0.00%)
C316N (37.02%)
C316Y (0.32%)
N556G (7.82%)

N556G (0.42%)

1

DAAs recommended by the EASL and AASLD guidelines 2015. RAV: Resistance associated variants; DAAs: Direct antiviral agents; AASLD: American
Association for the Study of Liver Diseases.

In contrast to NS3 PI, NS5B-non-nucleosideinhibitors and NS5A-inhibitors where resistance
mutations are subtype-dependent, little is known
about NS5B nucleos(t)ide analogs genotype- and
subtype-dependent resistance mutations. Several
nucleotide analogs have shown very promising
results and SOF is the first DAA in this drug class to
[9,26]
gain regulatory approval
, followed by DSV. In the
present analysis, NS5B RAV were not detected in
genotype 1a, whereas in genotype 1b, NS5B RAV were
found in more than one third of the individuals (C316N
in 37.02% and S556G in 7.82%) conferring low to
medium resistance to DSV. In mixed cohorts consisting
of American and European patients, while the S556G

WJG|www.wjgnet.com

mutation was observed in frequencies of 0.5%-16%,
the C316N RAVs occurred in frequencies lower than
that observed in this study (11%-18%), at baseline in
[15]
genotype 1b samples .
The S282T is the in vitro signature resistance
mutation that conveys decreased susceptibility to
SOF in the replicon system. Although the S282T
substitution requires only a single nucleotide change,
this variant was not found in any of the NS5B
sequences analyzed in this study, neither in a previous
study based on sequences from the Los Alamos
[11]
databank ; in a study that analyzed 1459 HCV
sequences from GenBank, this mutation was found in
[20]
only one sequence .
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therapy, the extent of mutations in the development of drug resistance in HCV
infection is less studied. The presence of HCV mutations is mainly due to
factors such as selection pressure, error-prone replication (because of RNA
polymerase’s poor fidelity) and the high replication capacity of the virus. It
is believed that any mutant can be generated continuously in HCV-infected
patients. Hence, selected variants are considered to be pre-existent mutations
generated during the natural HCV life cycle. The incidence of resistant variants
is variable and depends on the binding domain, as well as on the different
HCV populations, genotypes and subtypes and pre-existence of resistance
associated variants to direct antiviral agents (DAAs) reduces sustained
virologic response rates. A recently published analysis found that 58.7% of the
HCV sequences deposited in the GenBank harbored at least one dominant
resistance variant.

With the currently in-use DAAs recommended by
EASL and AASLD guidelines, our analyses suggest that
it is possible that virologic failure could occur in half of
the patients with HCV genotype 1a receiving SMV in
combinations with pegylated-intereferon and ribavirin.
In addition, more than 7% of the patients with HCV
genotype 1b receiving DSV could also fail to respond to
treatment, and the presence of variants with resistant
mutations in the NS5A region should affect almost 5%
of the treated individuals.
If in one hand the analysis of a public databank
may not reflect the real prevalence of RAV in the
population, on the other hand the abundance of infor
mation deposited in databank’s sequences allows the
identification of potentially unknown polymorphisms
in populations not submitted to new HCV treatments.
Since it is impossible to correlate criteria of inclusion
in databanks with population data, epidemiological
studies are necessary to determine the real prevalence
of RVA in the population.
Although the potential to confer resistance to
DAAs of the majority of the amino acid substitutions
identified in our analyses is not known, the ability of
HCV to rapidly evolve under drug selection pressure
and the presence of baseline natural polymorphisms
associated with resistance to DAA should be considered
as possible threats to the success of these new
therapies. The real impact of these constitutive RAV
on the possibility of SVR with DAA remains unclear
and undefined and some of these RAV apparently
disappear after therapy (NS3/NS4 RAV) while others
remain in the viral population (NS5 RAV). Globally,
clinical significance of these constitutive RAV remains
obscure
In summary, there are many relevant clinical ques
tions that still need to be answered regarding HCV
resistance to DAAs, mainly due to the limited available
data and the large number of DAA approved or soon
to be approved for clinical use. Perhaps resistance
mutations in the new interferon-free DAA era may not
[27,28]
have significant clinical impact initially
, nonetheless
the presence of a minor drug-resistance population
will likely affect the success of the therapy upon the
expansion and prolonged use of DAA regimens, and
the relevance of pre-existing resistance mutations for
responses to Interferon-free DAA therapies needs to
be further investigated. Therefore, testing for drug
resistance variants prior to the initiation of treatment
will be needed in the very near future in order to help
guide the selection of the most optimized treatment
option.

Research frontiers

It is expected that in the near future a method able to detect all the mutations in
the HCV genome will be available, making it possible to decide which DAA can
be used to treat hepatitis C in a specific patient.

Innovations and breakthrough

This study showed a low frequency of mutations but a high number of
polymorphisms of HVC genome which can impact in patients receiving
treatment with DAAs.

Applications

Although the potential to confer resistance of the majority of the amino acid
substitutions identified in our analyses is not known, the ability of HCV to rapidly
evolve under drug selection pressure and the presence of baseline natural
polymorphisms associated with resistance to DAAs should be considered as
possible threats to the success of these new therapies.

Peer-review

This manuscript analyzed the occurrence of polymorphisms and resistant
mutations in NS3, NS5A and NS5B regions in treatment-naive HCV sequences
deposited in the European hepatitis C virus database.
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Abstract
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AIM
To evaluate the effects of melatonin (Mel) on oxidative
stress in an experimental model of bile duct ligation
(BDL).

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

METHODS
Male Wistar rats (n = 32, weight ± 300 g) were
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of these changes may lead to the development of liver
fibrosis, which, in turn, can lead to secondary biliary
[4]
cirrhosis . Cirrhosis of the liver represents the most
advanced stage of fibrosis, in which there is evident
loss of structure of the hepatic parenchyma. It is
directly associated with development of septa and
fibrotic nodules, changes in hepatic blood flow, and
[5]
high risk of liver failure .
Studies have shown that HSCs are directly in
volved in the process of fibrosis formation and that
their activation is influenced by products generated
from lipid peroxidation (LPO), formation of reactive
oxygen species (ROS), and presence of inflammatory
mediators such as tumor necrosis factor-alpha (TNF-α),
inducible nitric oxide synthase (iNOS), interleukins,
[4,6]
and nuclear factor-kappa B .
As cirrhosis constitutes a major public health pro
[7]
blem , much research is being conducted to develop
and test different substances that could be used in its
treatment. The objective of such substances aims to
improve quality of life, increase survival, slow disease
progression, and, possibly, mitigate the damage caused
[8,9]
by formation of ROS and free radicals (FRs) .
Prolonged obstruction of the bile duct in rats is an
experimental model for induction of secondary biliary
[10]
cirrhosis . In this model, the characteristic features
of the disease are established at approximately 28
[10]
d . Studies have demonstrated that the changes
occurring in cirrhosis in human patients are similar to
those found in experimental models, including jaundice,
hepatomegaly, splenomegaly, abnormal gas exchange,
[11-15]
and oxidative damage
.
Melatonin (Mel; N-acetyl-5-methoxytryptamine) is
the main product synthesized by the pineal gland, which
produces Mel in a rhythmic manner, with production
inhibited by light, so that its peak production occurs
[16,17]
during the dark phase
. Several effects have been
attributed to Mel, including antioxidant capacity, as
well as anti-inflammatory and immunomodulatory
[18-21]
properties
.
There is an existing important link between
cirrhosis, inflammation and oxidative stress; in this
sense, treatments are required to protect the liver
against these types of damage. Therefore, this present
study investigated whether Mel (an anti-inflammatory
agent and antioxidant) would afford hepatic-protection
in an experimental model of cirrhosis.

allocated across four groups: CO (sham BDL), BDL (BDL
surgery), CO + Mel (sham BDL and Mel administration)
and BDL + Mel (BDL surgery and Mel administration).
Mel was administered intraperitoneally for 2 wk,
starting on postoperative day 15, at a dose of 20 mg/kg.
RESULTS
Mel was effective at the different standards, re
establishing normal liver enzyme levels, reducing the
hepatosomatic and splenosomatic indices, restoring
lipoperoxidation and antioxidant enzyme concentrations,
reducing fibrosis and inflammation, and thereby
reducing liver tissue injury in the treated animals.
CONCLUSION
The results of this study suggest a protective effect of
Mel when administered to rats with secondary biliary
cirrhosis induced by BDL.
Key words: Antioxidant; Cirrhosis; Fibrosis; Melatonin;
Oxidative stress
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Secondary biliary cirrhosis is a late complication
of prolonged extrahepatic bile duct obstruction that
leads to structural and functional changes in the
liver. Melatonin, the main product of the pineal gland,
provides hepatic protection in the experimental model
of bile duct ligation.
Colares JR, Schemitt EG, Hartmann RM, Licks F, Soares MC,
Bosco AD, Marroni NP. Antioxidant and anti-inflammatory
action of melatonin in an experimental model of secondary biliary
cirrhosis induced by bile duct ligation. World J Gastroenterol
2016; 22(40): 8918-8928 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i40/8918.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i40.8918

INTRODUCTION
The liver has a complex structure, allowing it to play
a key role in operation and maintenance of several
vital functions of the organism, including synthesis
activity and excretion of substances. In the liver lobes,
hepatocytes are arranged in an orderly fashion out
from a central vein, forming the sinusoids, from which
they are separated by a narrow space (the space of
Disse). This space is the site of the hepatic stellate
cells (HSCs), which are known to possess contractile
and fibrogenic properties, as well as the ability to
[1-3]
synthesize extracellular matrix (ECM) .
Obstruction of the biliary tract is a congestive
process that leads to numerous changes, such as
ductular proliferation, stellate cell activation, and
accumulation of ECM in the space of Disse. Occurrence
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MATERIALS AND METHODS
Animals

All animal procedures were conducted in accordance
with the recommendations of the Health Research
Ethics Committee of the Research and Graduate
Studies Group at the Hospital de Clínicas de Porto
Alegre (HCPA) in Brazil (approval number 14-0474),
and as recommended in the Guide for the Care and
[22,23]
Use of Laboratory Animals
. The sample comprised
male Wistar rats n = 32, weight ± 300 g) that were

8919

October 28, 2016|Volume 22|Issue 40|

Colares JR et al. Action of melatonin in a BDL model

A

B

C

Figure 1 Bile duct ligation surgery. A: Localization of the bile duct; B: Passage of silk thread for duct isolation; C: Resection of the bile duct.

allocated across four groups: CO [sham bile duct
ligation (BDL)], BDL (BDL surgery), CO + Mel (sham
BDL and Mel administration) and BDL + Mel (BDL
surgery and Mel administration). Cirrhosis was induced
[10]
surgically by BDL as described by Kountouras et al .

centrifuge. The precipitate was discarded and the
supernatant removed and frozen at -80 ℃ for
[25]
subsequent biochemical analyses .

Liver enzyme activity

Activity of the liver enzymes AST and ALT, which are
markers of hepatocyte integrity, were measured by
the ultraviolet kinetic method. AP was measured by
the colorimetric method. All tests were performed in
plasma, under routine HCPA laboratory methods, using
®
a Liquiform Labs test commercial kit.

Animal care and use statement

During the experiment, the animals were kept in
boxes lined with wood shavings, under a 12-h light/
dark cycle and controlled temperature conditions
(18-22 ℃), with free access to water and chow. As
shown in Figure 1A, animals in the CO and CO + Mel
groups only underwent localization and manipulation
of the bile duct (sham surgery). Figure 1B and C show
the procedures performed in the BDL and BDL + Mel
groups respectively: after localization of the bile duct,
it was isolated and tied off with two knots made with 3-0
silk thread. All animals were euthanized at 29 d after
[24]
the start of the experiment .

Hepatosomatic index and splenosomatic index

The liver and spleen were resected and weighed for
derivation of the hepatosomatic index (HSI) and
splenosomatic index (SSI), which were calculated as
the percentage of total organ (liver and spleen) weight
divided by the body weight of the animal: HSI = liver
weight (g)/rat weight (g) × 100; SSI = spleen weight
[26]
(g)/rat weight (g) × 100 .

Administration of Mel

LPO

Treatment started on day 15 after BDL surgery. Mel
was administered at a dose of 20 mg/kg body weight,
always at 7:00 p.m., away from light.

Liver tissue samples were placed in test tubes con
taining a mixture of trichloroacetic acid (TCA) 10%
and thiobarbituric acid (TBA) 0.67%, heated at 100 ℃
in a water bath for 15 min, and cooled on ice for
approximately 5 min. TBA reacts with LPO products to
form a Schiff base, whereas TCA is used to denature
proteins present and acidify the reaction. After cooling
the samples, 1.5 mL of n-butyl alcohol was added to
extract the formed pigment. Samples were stirred for
45 s and centrifuged for 10 min at 3000 rpm. Finally,
the stained product present in the top fraction was
read in a spectrophotometer at a wavelength of 535
nm. The TBARS concentration obtained was expressed
[27]
as nmol/mg protein .

Extraction of plasma

After the blood was collected through the retro-orbital
plexus and placed in assay tubes with heparin, it
was centrifuged at 4000 rpm for 10-min time. The
precipitate was displaced and the plasma was removed
with pipette (Labsystems 4500, 100-200 μL) for the
different analyses of aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and alkaline
®
phosphatase (AP) via commercial kit Labtest .

Liver homogenates

For the preparation of the homogenate we used 9 mL
of phosphate buffered solution (1.15% KCl) per gram
of tissue (liver) and phenylmethylsulfonyl fluoride
at a concentration of 100 mmol/L in isopropanol
(10 µL/mL of KCl). The tissue was homogenized in
ULTRA-TURRAX for 40 s at 0-2 ℃ and subsequently
centrifuged for 10 min at 3000 rpm in a refrigerated
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Activity of antioxidant enzymes and glutathione levels

Superoxide dismutase: The activity of superoxide
dismutase (SOD) is defined by its ability to inhibit the
reaction of superoxide radicals with adrenaline, and
was monitored spectrophotometrically at 560 nm.
[28]
Results were expressed as USOD/mg protein .
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Catalase: The activity of Catalase (CAT) was deter
mined by measuring the decrease in absorption in
action medium containing 50 mmol/L phosphate
buffered saline (pH 7.2) and 0.3 mol/L hydrogen
peroxide. The enzyme activity was assayed spectro
photometrically at 240 nm and expressed as pmol/mg
[29]
protein .

processor (ANCAP), through a graded ethanol series
and two vats of xylene, for dehydration. Specimens
were then embedded and blocks were cooled,
modeled, and attached to a microtome (Leitz® 1512)
to obtain slices 4 µm thick. The resulting slides were
incubated with mouse anti-iNOS (SC-7271; Santa Cruz
Biotechnology, Santa Cruz, CA, United States) and
TNF-α polyclonal antibodies (SC-52746; Santa Cruz
Biotechnology) at a dilution of 1:200 overnight at 4°
C, followed by incubation with the secondary antibody
(SC-2005; Santa Cruz Biotechnology) at 1:300 for 30
min at room temperature. The slides were analyzed
by a pathologist who was blinded to group allocation
and were photographed under a NIKON LABOPHOT
binocular microscope at 200 × magnification. Digital
images were analyzed in Image-Pro Plus version 4.5
(Media Cybernetics, Rockville, MD, United States).
The expression level was determined by multiplying
the average density of the image by the percent area
positively stained by the antibodies [brown colored
areas obtained by the peroxidase + diaminobenzidine
reaction].

Glutathione peroxidase: The activity of the anti
oxidant enzyme glutathione peroxidase (GPx) was
assessed by the NADPH oxidation rate in the presence
of reduced glutathione (GSH) and glutathione reductase.
Sodium azide was added to inhibit CAT activity. The
enzyme activity was measured spectrophotometrically
[30]
at 340 nm and expressed as nmol/min/mg protein .
Glutathione S-transferase: The glutathione S-trans
ferase (GST) activity assay is based on an enzyme
reaction which at 30 ℃ catalyzes the formation of 1
µmol DNP-SG using a GSH concentration of 1 mmol/L
and chloro dinitrobenzene (CDNB). The enzyme activity
was measured spectrophotometrically at 340 nm and
[31]
expressed as µmol/min/mg protein .

Ethical consideration

GSH reduced: To prepare the homogenate for
measuring levels of GSH reduced, for every 1 g of
tissue, 20 mL of perchloric acid (2 mmol/L) + EDTA
(4 mmol/L) was diluted in 1 mL H2O. The levels
GSH were evaluated spectrophotometrically at 412
nm by quantifying intracellular levels of GSH from
modification of 2-nitrobenzoic acid and expressed as
[32]
µmol/mg protein .

The present study was accomplished in the HCPA with
the approval of the project (No. 14-0474).

Animal care and use statement

All experimental design, collections of biological
samples and analyses carried out were in accordance
with ethical principles of the Committee Ethics on
Animal Use (CEUA-HCPA).

Histological analysis

Statistical analysis

After anatomical dissection of the liver of each animal,
approximately 2 cm were removed for histological
evaluation. The tissues were isolated and immersed in
10% buffered formalin for 24 h for fixation, followed
by histological processing (dehydration in a graded
alcohol series of six concentrations, clearing in xylol
at two concentrations, and embedding in paraffin at
64 ℃). The resulting paraffin blocks were attached to
a microtome (Leitz® 1512) and slices of 3 µm thickness
were obtained. These specimens were placed in a
histological bath at 50 ℃. For the staining step, the
slides were immersed in vats containing hematoxylineosin (HE) and Picrosirius red (5 min in each stain).
After the hydration stage, the sample was covered
with a coverslip and fixed with Canada Balsam or the
blade, finalizing the preparation process. The slides
were examined by a pathologist who was blinded
to group allocation and were photographed under a
NIKON LABOPHOT binocular microscope at 200 ×
magnification.

Quantitative data are presented as mean ± SD error.
The comparison between groups was performed by
one-way analysis of variance followed by the StudentNewman-Keuls procedure. P < 0.05 was considered as
statistically significant.

RESULTS
Liver enzyme activity

Evaluation of liver enzyme activity performed in
plasma showed a significant increase in all enzymes
in the BDL group compared with the control groups,
as well as a significant reduction of these values in the
BDL + Mel group compared to the BDL group. AST
levels increased 379% in the BDL group compared to
the CO group, and were 72% reduced in the BDL +
Mel group compared to the BDL group. ALT, a specific
marker of liver damage, was 186% increased in
the BDL group in relation to the CO group and 60%
lower in the BDL + Mel group compared to the BDL
group. AP levels were 211% higher in the BDL group
compared to the CO group and 72% lower in the BDL
+ Mel group compared to the BDL group (P < 0.001)
(Table 1).

Immunohistochemistry (iNOS and TNF-α )

For immunohistochemistry, liver tissue samples were
fixed in 10% formalin and placed in a histological tissue
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A

Table 1 Plasma levels of aspartate aminotransferase, alanine
aminotransferase, and alkaline phosphatase in the different
experimental groups
AST (U/L)

ALT (U/L)

AP (U/L)

CO
CO + Mel
BDL
BDL + Mel

88.8 ± 0.07
90.4 ± 8.4
425.8 ± 46.6e
117.5 ± 18.8f

37.0 ± 1.9
38.8 ± 3.2
105.8 ± 13.5e
42.0 ± 3.4f

122.4 ± 13.5
111.6 ± 8.1
381.2 ± 35.5e
104.3 ± 11.03f

nmoles/mgprot

Group

Grams (g)

μmoles/mgprot

6
f

3
1
CO + Mel

BDL

BDL + Mel

B
SSI

0.5

Grams (g)

BDL

BDL + Mel

GSH
e

0.04
f
0.02

CO

CO + Mel

BDL

BDL + Mel

e
f

0.4

increased in the BDL group compared to the control
groups (CO and CO + Mel), and reduced in BDL + Mel
compared to BDL (Figure 3A and B).

0.3
0.2

Antioxidant enzyme activity

0.1
0

CO + Mel

Figure 3 Lipoperoxidation markers and glutathione levels in the different
experimental groups. All results are expressed as mean ± SD error.
Significant difference exists between the BDL and control groups (CO and CO
+ Mel) (eP < 0.001). Significant difference exists between the BDL and BDL +
Mel groups (fP < 0.001). CO: Control; CO + Mel: Control + melatonin; BDL: Bile
duct ligation; BDL + Mel: Bile duct ligation + melatonin; GSH: Glutathione; LPO:
Lipid peroxidation.

2

CO

CO

0.06

0.00

4

0

f

1

0.08

e

5

2

B

A
HSI

e

3

0

All concentrations are expressed as mean ± SD error. Significant difference
exists between the BDL and control groups (CO and CO + Mel) (eP < 0.001).
Significant difference exists between the BDL and BDL + Mel groups (fP
< 0.001). CO: Control; CO + Mel: Control + melatonin; BDL: Bile duct
ligation; BDL + Mel: Bile duct ligation + melatonin.

7

LPO
4

CO

CO + Mel

BDL

Evaluation of SOD, CAT, GPx and GST activity revealed
reductions in SOD and CAT in BDL animals compared
to controls (CO and CO + Mel), as well as functional
recovery of these enzymes in the BDL + Mel group
compared to the BDL group. Activity of GPx and GST
were increased in the BDL group compared to both
control groups (CO and CO + Mel), and decreased in
the BDL + Mel group compared with BDL (Table 2).

BDL + Mel

Figure 2 Mean hepatosomatic and splenosomatic index values in the
different experimental groups. All results are expressed as mean ± SD error.
Significant difference existed between the BDL and control groups (CO and CO
+ Mel) (eP < 0.001). Significant difference existed between the BDL and BDL +
Mel groups (fP < 0.001). CO: Control; CO + Mel: Control + melatonin; BDL: Bile
duct ligation; BDL + Mel: Bile duct ligation + melatonin; HSI: Hepatosomatic
index; SSI: Splenosomatic index.

Histological analysis

HSI and SSI

HE staining: In the control groups (CO and CO +
Mel), histological analysis by HE staining revealed
normal liver parenchyma with clearly defined
hepatocyte cords. In the BDL group, there was tissue
disorganization with loss of hepatocyte cords and
inflammatory infiltration. In the cirrhotic group treated
with Mel (BDL + Mel), restructuring of these patterns
was observed, with formation of hepatocyte cords
arising from a centrilobular vein (Figure 4).

Analysis of HSI and SSI showed significant increases
in the BDL group compared to control animals (CO and
CO + Mel), as well as a significant decrease in the BDL
+ Mel group compared to the cirrhotic group (BDL)
(Figure 2A and B).

Lipoperoxidation and GSH levels

The evaluation of LPO and GSH levels was performed
on homogenized liver.
The LPO analysis revealed a significant increase in
LPO markers in the BDL group compared to the CO
and CO + Mel groups, and administration of Mel to
BDL + Mel animals was associated with a significant
decrease in damage in this group. GSH levels were
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Picrosirius staining: Assessment of liver fibrosis in
Picrosirius-stained sections revealed absence of fibrotic
septa in the control groups (CO and CO + Mel). In
animals subjected to BDL, there was positive labeling
consistent with presence of fibrotic septa. However, in
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CO

CO + Mel

BDL

BDL + Mel

Figure 4 Histological analysis of liver tissue in the different experimental groups. HE staining, 200 × magnification. The arrow indicates the presence of
inflammatory infiltrate. CO: Control; CO + Mel: Control + melatonin; BDL: Bile duct ligation; BDL + Mel: Bile duct ligation + melatonin.

Table 2 Activity of antioxidant enzymes in the different experimental groups
Groups

SOD

CAT

GPx

GST

(USOD/mg prot)

(pmol/mg prot)

(nmol/min/mg prot)

(µmol/min/mg prot)

2.43 ± 0.17
2.31 ± 0.25
0.88 ± 0.211
2.47 ± 0.222

2.19 ± 0.21
2.21 ± 0.28
1.09 ± 0.011
2.46 ± 0.042

6.93 ± 0.76
7.15 ± 1.05
37.78 ± 2.391
9.61 ± 1.202

2.28 ± 0.20
2.57 ± 0.09
5.08 ± 0.431
1.93 ± 0.212

CO
CO + Mel
BDL
BDL + Mel

All values are expressed as mean ± SD error. 1Significant difference exists between the BDL and control groups (CO
and CO + Mel) (SOD, P < 0.01; CAT, P < 0.05; GPx and GST, P < 0.001); 2Significant difference exists between the
BDL and BDL + Mel groups (SOD and CAT, P < 0.01; GPx and GST, P < 0.001). CO: Control; CO + Mel: Control +
melatonin; BDL: Bile duct ligation; BDL + Mel: Bile duct ligation + melatonin. SOD: Superoxide dismutase; CAT:
Catalase; GPx: Glutathione peroxidase; GST: Glutathione S-transferase.

the BDL + Mel group, fibrosis was minimal (Figure 5).

biliary cirrhosis in animals, as it induces changes that
closely resemble those seen in cirrhosis in humans
and in experimental cirrhosis induced by carbon
[4,10,12]
tetrachloride (CCl4)
.
Liver integrity can be evaluated by measuring
levels of the enzymes AST, ALT, and AP. Increases in
[32]
these markers suggest liver dysfunction . In the
present study, animals subjected to BDL exhibited
higher levels of AST, ALT, and AP than animals in all
other groups. Our findings also demonstrated that
administration of Mel to animals with cirrhosis induced
by BDL reduced the liver damage caused by duct
ligation. These results corroborate the findings of
[4]
a previous study conducted by Bona et al , using
the CCl4 model of cirrhosis, in which animals exhibited
a significant increase in AST, ALT and AP levels and

Immunohistochemistry and quantification of iNOS and
TNF-α

Liver specimens from the BDL group exhibited strong
positive staining for iNOS (Figure 6) and TNF-α (Figure
7), whereas specimens from the CO and CO + Mel
groups did not stain. Treatment with Mel reduced
iNOS and TNF-α positivity. Likewise, iNOS and TNF-α
expression was significantly reduced in BDL + Mel
compared to the BDL group (P < 0.001; Figures 6 and
7).

DISCUSSION
The BDL model is widely used to reproduce secondary

WJG|www.wjgnet.com

8923

October 28, 2016|Volume 22|Issue 40|

Colares JR et al. Action of melatonin in a BDL model
CO

CO + Mel

BDL

BDL + Mel

Figure 5 Histological analysis of liver tissue in the different experimental groups. Picrosirius staining, 200 × magnification. CO: Control; CO + Mel: Control +
melatonin; BDL: Bile duct ligation; BDL + Mel: Bile duct ligation + melatonin.

equally significant reductions of these markers after
[9]
treatment with the antioxidant quercetin. Shu et al
demonstrated that administration of tanshinone IIA,
the active ingredient of Salvia miltiorrhiza, reduced ALT
and AST levels in an experimental model of cirrhosis in
rats.
The terms hepatomegaly and splenomegaly refer,
respectively, to enlargement of the liver and spleen.
Hepatomegaly is often associated with hepatobiliary
diseases. Splenomegaly, in turn, is associated with
[33,34,35]
numerous chronic diseases of the liver
. In our
study, both the HSI and SSI were significantly in
creased in the BDL group compared with both control
groups, and both indices decreased to near control
levels when administered Mel in the BDL + Mel group.
The splenomegaly observed in the BDL model
is due to portal hypertension as a result of enlarge
ment of the splenic veins. Hepatomegaly, in turn,
is secondary to biliary retention and subsequent
obstruction of biliary drainage, which ultimately leads
[13,14,36]
to liver fibrosis
. Using a model of liver damage
induced by administration of polychlorinated biphenyls,
[33]
Oliveira et al
found that splenomegaly was minimal
in exposed animals given the antioxidant quercetin.
LPO causes disorganization of cell membranes,
resulting in an increase in membrane permeability and
consequent extravasation of enzymes, leading to cell
[37]
death . Studies have demonstrated that MDA levels
[5]
may be associated with increased LPO .
Studies report that, in the pathophysiology of
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biliary cirrhosis, liver damage is maximized by the
[12]
action of FRs . This phenomenon was also observed
in the present study by measuring LPO, which was
significantly higher in the cirrhotic group (BDL) when
compared to the other groups and, accordingly, may
have been associated with a process of cell membrane
damage. Furthermore, the BDL + Mel group exhibited
a significant decrease in LPO as compared with the
BDL group, which suggests a protective role of Mel
against LPO induced by BDL. These data corroborate
[4]
a previous study by Bona et al (2012), in which
LPO was found to be increased in a model of CCl4induced cirrhosis, and quercetin treatment appeared to
decrease LPO significantly.
CAT catalyzes the breakdown of H2O2 into water
and O2. SOD is regarded as the first line of defense
against ROS formation, and decreases in its activity
could be related to increased LPO and heightened
consumption of the enzyme in an attempt to decrease
oxidative damage from ROS dismutation and H2O2
[38]
formation .
In the present study, activity of the antioxidant
enzymes SOD and CAT was significantly decreased
in the BDL group compared to all others, and Mel
administration was able to restore activity of these
enzymes to near-control levels. These data suggest
that treatment with Mel attenuated FR formation
secondary to liver damage resulting from BDL-induced
cirrhosis. These data corroborate the findings of Bona
[4]
et al (2012), a study in which rats with CCl4-induced
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Figure 6 Expression of inducible nitric oxide synthase in the different experimental groups. Magnification 200 ×. All values are expressed as mean ± SD
error. Significant difference exists between the BDL and control groups (CO and CO + Mel) (eP < 0.001). Significant difference exists between the BDL and BDL +
Mel groups (fP < 0.001). CO: Control; CO + Mel: Control + melatonin; BDL: Bile duct ligation; BDL + Mel: Bile duct ligation + melatonin; iNOS: Inducible nitric oxide
synthase.
[4]

cirrhosis exhibited an increase in antioxidant enzymes
after treatment with quercetin.
Levels of the other enzymes evaluated (GPx and
GST), as well as of GSH, were increased in the BDL
group compared to the other groups, and decreased
significantly to near-control values in the BDL + Mel
group. The increases observed in cirrhotic animals
may be associated with enzyme activation in an
attempt to clear FRs and minimize oxidative damage
from the disease, while the reduction in these levels
in the group administered Mel suggests decreased
[39]
FR formation . These data corroborate the findings
[38]
of Amália et al , who observed that, in a model of
CCl4-induced cirrhosis, GPx, GST and GSH levels were
increased, and treatment with quercetin appeared to
decrease these values.
Changes in the hepatic parenchyma, as well as
formation of fibrotic septa and necrosis, are often

WJG|www.wjgnet.com

associated with the cirrhotic process . In our study,
we observed loss of tissue organization in the BDL
group when assessed by HE staining, demonstrating
cellular disorganization with loss of hepatocyte cords
and presence of inflammatory infiltrate. In the BDL +
Mel group, a restructuring effect was observed, with
tissue organization resembling that seen in the CO and
CO + Mel groups.
[40]
Ferrari et al demonstrated that rats with cirrhosis,
whether induced by BDL or by CCl4, exhibit necrosis,
fibrotic nodules, inflammatory infiltrate and cellular
[14]
changes. Tieppo et al
also observed that rats
subjected to BDL exhibit hepatic changes with ductular
proliferation and fibrosis, findings that improved in
cirrhotic rats treated with quercetin.
Fibrosis is the end result of long-term liver injury.
Evaluation of fibrotic area in Picrosirius-stained slides
revealed increased collagen deposition in the BDL group,
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Figure 7 Expression of tumor necrosis factor in the different experimental groups. Magnification 200 ×. All values are expressed as mean ± SD error.
Significant difference exists between the BDL and control groups (CO and CO + Mel) (eP < 0.001). Significant difference exists between the BDL and BDL + Mel
groups (fP < 0.001). CO: Control; CO + Mel: Control + melatonin; BDL: Bile duct ligation; BDL + Mel: Bile duct ligation + melatonin; TNF-α: Tumor necrosis factoralpha.

in contrast to the BDL + Mel animals, in which collagen
deposition was minimal. These data corroborate various
studies which observed increased collagen deposition
in the liver of rats with cirrhosis induced by CCl4 and
[4,14]
[41]
BDL
. Saleh et al administered the natural marine
compound Sepia officinalis, known for its major
antioxidant, antibacterial and antitumor effects, and
observed a reduction in collagen deposition in animals
subjected to bile duct ligation.
Increased production of TNF-α and iNOS is related
to acute and chronic inflammatory processes. In
the present study, we found higher TNF-α and iNOS
expression in animals subjected to BDL, as well as
decreased expression of these parameters in animals
administered Mel. These findings corroborate those
[42]
of Gonçalves Schemitt et al , who observed lower
expression of TNF-α and iNOS in animals treated with
glutamine in an experimental model of fulminant
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hepatic failure.
In view of the evidence presented herein, we
suggest that the antioxidant and anti-inflammatory
effects of Mel acted to restore serum levels of liver
enzymes and the HSI and SSI, decrease LPO, restore
antioxidant enzymes, and attenuate collagen de
position, inflammation and tissue damage in the livers
of animals subjected to BDL. However, other pathways
of Mel action should be studied to elucidate the
protective mechanisms involved in this experimental
model.
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Abstract
AIM
To investigate the changes in microbiota in feces of
patients with ulcerative colitis (UC) and pouchitis using
genomic technology.
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METHODS
Fecal samples were obtained from UC patients with
or without an ileal pouch-anal anastomosis (IPAA)
procedure, as well as healthy controls. The touchdown
polymerase chain reaction technique was used to
amplify the whole V3 region of the 16S rRNA gene,
which was transcribed from DNA extracted from fecal
samples. Denaturing gradient gel electrophoresis was
used to separate the amplicons. The band profiles
and similarity indices were analyzed digitally. The
predominant microbiota in different groups was
confirmed by sequencing the 16S rRNA gene.
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RESULTS
Microbial biodiversity in the healthy controls was
significantly higher compared with the UC groups (P <
0.001) and IPAA groups (P < 0.001). Compared with
healthy controls, the UC patients in remission and those
in the mildly active stage, the predominant species
in patients with moderately and severely active UC
changed obviously. In addition, the proportion of the
dominant microbiota, which was negatively correlated
with the disease activity of UC (r = -6.591, P < 0.01),
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[3]

CONCLUSION
Less diverse fecal microbiota was present in patients
with UC and pouchitis. Increased C. perfringens in
feces suggest its role in the exacerbation of UC and
pouchitis.
Key words: Pouchitis; Intestinal flora; Ulcerative colitis;
Disease activity index; Ileal pouch-anal anastomosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Dysbiosis in pouchitis might be similar to that
observed in ulcerative colitis (UC). This study aimed
to determine the altered microflora in patients with
UC and pouchitis, and to investigate the relationship
between them. We demonstrated the reduced
biodiversity of the fecal microbiota in UC and pouchitis
patients. The altered composition of the intestinal
microbiota in UC and pouchitis included decreased
numbers of two bacteria commonly observed in UC,
and higher levels of Clostridium perfringens in both UC
and pouchitis. The increase of this bacterium in feces
suggested that it plays a role in exacerbating UC and
pouchitis.

[6]

MATERIALS AND METHODS
Patients and fecal samples

Patients who underwent IPAA for UC were recruited.
Pouchitis was diagnosed based on symptoms, endos
copy and histology of the pouch. Patients underwent
pouch endoscopy and biopsy. Physicians recorded
clinical data, the pouch appearance and pathological
manifestations based on the pouchitis disease activity
[13]
index (PDAI) . Antibiotic or other drug therapy was
stopped to prevent variations in the microbiome 4 wk
before collecting the fecal sample. A limited number of
patients with pouches were excluded from the study
because of antibiotic or probiotic usage for pouchitis or
severe concomitant disease.
According to the PDAI, patients with IPAA were
divided into two groups: NP, PDAI < 7 points (n = 11)
and pouchitis, PDAI ≥ 7 points (n = 8). Matched fecal
samples were obtained from healthy controls (n = 16)
and from 41 UC patients who did not undergo IPAA. All
the UC patients without a pouch underwent endoscopy.
The Mayo scoring system for assessment of ulcerative
colitis activity was employed to divide patients with UC
into the remission group (n = 10), mild activity group
(n = 11), moderate activity group (n = 10) and severe
activity group (n = 10).
All fecal samples were collected at the hospital and
preserved at 4 ℃. Upon arrival at the laboratory, the
samples were frozen at -80 ℃ within 12 h. This study
was reviewed and approved by the Tianjin Medical
University General Hospital Ethical Committee (China).
Patient data are summarized in Table 1.

Li KY, Wang JL, Wei JP, Gao SY, Zhang YY, Wang LT, Liu G.
Fecal microbiota in pouchitis and ulcerative colitis. World J
Gastroenterol 2016; 22(40): 8929-8939 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i40/8929.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i40.8929

INTRODUCTION
One of the most common complications in ulcerative
colitis (UC) patients who undergo ileal pouch-anal
[1]
anastomosis (IPAA) surgery is pouchitis . Interestingly,
it is rarely seen in postoperative patients suffering from
familial adenomatous polyposis. The gut microbiome
[2]
plays a vital role in UC . Antibiotics and probiotics
[3]
are used to treat and prevent pouchitis . The gut
microbiome might play a vital role in the pathogenesis
[4]
of UC .
However, direct evidence of the role of microflora
in pathogenesis of pouchitis is lacking. Studies have
shown variation in the microbiota in pouchitis and
healthy controls; however, based on different culture
methods and molecular biology techniques, no consensus
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[5]

was available . Johnson et al and Lim et al showed
no differences between pouchitis and no pouchitis (NP)
groups. Some studies have suggested a reduction
[7]
in bacterial diversity in pouchitis but not dysbiosis .
Other studies revealed an increase in bacterial
[8]
diversity in pouchitis , such as increased numbers of
[9]
Clostridium and Eubacterium , while others showed
[10]
less Enterococcaceae in pouchitis . The findings of
the most recent study revealed that disorders caused
by protective and harmful bacteria are associated
[11]
with pouch inflammation . The emergence of Rumino
coccus gnavus (R. gnavus), Bacteriodes vulgatus and
Clostridium perfringens (C. perfringens) and deficiency
of Blautia and Roseburia in patients with UC before
[12]
IPAA is closely related to pouchitis .
Denaturing gradient gel electrophoresis (DGGE)
was reported to be useful to analyze changes in
[2]
the composition of the intestinal microbiota . We
hypothesized that dysbiosis occurring in the pouch
might be similar to that observed in UC. Thus, we
determined the altered microflora in pouchitis and UC
patients, and investigated the relationship between
them.

was decreased in pouchitis patients. The numbers of
two types of bacteria, Faecalibacterium prausnitzii and
Eubacterium rectale , were reduced in UC. Patients
with pouchitis had an altered microbiota composition
compared with UC patients. The microbiota from
pouchitis patients was less diverse than that from
severely active UC patients. Sequencing results showed
that similar microbiota, such as Clostridium perfringens ,
were shared in both UC and pouchitis.

Fecal DNA extraction

A Fecal DNA kit (Aidlab Biotechnologies Co, Ltd,
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Table 1 Demographic and clinical characteristics of the subjects

Number of patients
Sex, n, M/F
Age (yr)
UC duration (yr)
Pouch duration (yr)
BMI (kg/m2)
Mayo score
Age at colectomy
Standard medication (%)
Smoking (% at recruitment)
Previous number of episodes of
pouchitis (%)
Number of patients with chronic
pouchitis (%)
Secondary causes of pouchitis (%)

UC (n = 41)

Pouch (n = 19)

Healthy
controls

Remission

Mild

Moderate

Severe

Pouchitis

NP

16
9/7
46.2 ± 10.5
NA
NA
24.5 ± 2.3
NA
NA
NA
10 (62.5)
NA

10
5/5
41.8 ± 9.2
5.0 ± 1.6
NA
25.2 ± 1.6
≤2
NA
0 (0)
4 (40.0)
NA

11
7/4
43.9 ± 10.5
7.0 ± 0.9
NA
24.8 ± 3.5
4.2 ± 0.7
NA
5 (46.0)
3 (27.3)
NA

10
5/5
46 ± 8.2
5.2 ± 1.7
NA
23.9 ± 2.7
8.5 ± 1.2
NA
8 (80.0)
2 (20.0)
NA

10
6/4
40.8 ± 11.3
4.0 ± 2.7
NA
24.4 ± 3.1
11.5 ± 0.3
NA
10 (100)
3 (30.0)
NA

8
5/3
44.9 ± 15.6
NA
2.8 ± 1.5
24.9 ± 2.2
≥7
40.6 ± 12.9
8 (100)
4 (50.0)
4 (50.0)

11
5/6
47.8 ± 13.2
NA
3.9 ± 2.2
24.3 ± 3.5
<7
42.4 ± 9.22
3 (27.0)
5 (45.5)
3 (27.0)

NA

NA

NA

NA

NA

3 (37.5)

2 (18.0)

NA

NA

NA

NA

NA

2 (25.0)

2 (19.0)

UC: Ulcerative colitis; NA: Not available; Pouch: Ileal pouch established during ileal pouch-anal anastomosis surgery; pouchitis: Inflammation of ileal
pouch.

Beijing, China) was used to isolate DNA from frozen
feces individually, following the manufacturer’s guide
[14]
lines and as previously described . Following 1%
agarose gel electrophoresis, the eluted DNA was
quantified on a NanoDrop 2000 Spectrophotometer.

according to the results for the healthy controls, the
band in each sample was marked by the software,
and manual corrections were conducted. The number
of DGGE bands was shown as the mean ± SD. Based
on the gray value, Dice similarity and UPGMA tree
analyses were conducted using Quantity One software.
Canoco software was used to conduct principal
component analysis (PCA).

PCR amplification

The genomic DNA and universal primers including
forward and reverse primers (AuGCT DNA technologies,
Beijing, China) were employed to amplify the whole
fragment V3 region of bacterial 16S rRNA gene.
After 15 cycles of thermocycling on a PCR system
(Bio-Rad, Hercules, CA, United States) the amplified
product was verified by 2% agarose electrophoresis.
The amplified DNA was quantified on a NanoDrop
2000 Spectrophotometer, and recorded by a DH2000
gel imaging analysis.

DGGE band extraction and sequencing

Based on the digital results, the bands distinguishing
the groups were excised from the gel, purified and
sequenced. The gel slice, in 15 µL of TE buffer, was
heated at 65 ℃ for 10 min to elute the DNA from
the gel. The DNA solution was amplified using the
universal V3 primers F357+ a GC clamp and R518.
DGGE gel expansion facilitated the purification of the
bands. DGGE with an adjusted gradient of 32 was
used to check the amplicons, which were excised at
least three times until a single band was obtained. The
DGGE was repeated to purify the PCR product before
sequencing. In the final round, the amplicons were
analyzed with the original sample profiles from which
they were excised and analyzed visually for purification
of the correct bands.
When the purified bands matched with the targeted
bands, the amplicons sequenced using an ABI Prism
system and primers R518 and F357 (without the
clamp). BioNumerics software was used to analyze the
sequences. BLAST homology searches were performed
against the GenBank DNA database. According to
BLAST results, the sequences of phylogenetic neighbor
species, whose similarities were up to 90%, were
included for reference in the cluster analysis using
multiple sequence alignments. The purified band
sequences were allocated to the most probable species
according to the average linking method.

DGGE for amplified 16S rRNA gene

DGGE was chosen to separate PCR amplicons
[15]
according to the rules of Muyzer et al , with some
modifications. A 10% polyacrylamide combined
with Tris-acetate-EDTA (TAE) buffer was used for
polyacrylamide gels with a denaturing gradient
ranging from 30% to 70%. A stacking gel was added
before polymerization of the denaturing gel, followed
by appropriate comb insertion. Electrophoresis was
performed at 200 V for 5 min and 85 V for 16 h in
0.5 × TAE buffer subsequently at a constant 60 ℃.
[16]
After staining with AgNO3 , the gels were desiccated
overnight at 60 ℃.

Digital processing of DGGE profiles

Following the manufacturer’s instructions, DGGE
profiles were analyzed digitally using Quantity
One-4.6.5 in the UNIVERSAL HOODⅡ Gel Imaging
System (Beijing, China). After normalizing the gels

WJG|www.wjgnet.com

8931

October 28, 2016|Volume 22|Issue 40|

Li KY et al . Fecal microbiota in pouchitis and UC
bands after PCR-DGGE analysis. A band representing
identical or similar sequences of the V3 regions of the
16S rRNA gene was observed, reflecting the dominant
bacterial communities in the fecal samples.
Examination of digital DGGE profiles from healthy
controls showed relative stability among different
individuals (Figure 1). Profiles from UC patients
shown in Figure 2 suggested significant variation in
the position and number of bands compared with the
healthy controls. The number of bands, which reflected
the diverse microbiota, was 17 ± 3 in the 16 healthy
controls and 13 ± 3 in the 41 UC patients (P = 0.001).
Differences were also seen among the subgroups of
UC patients (Figure 3). These results reveal that the
number of predominant microbiota was negatively
correlated with the Mayo classification (r = -6.591,
P < 0.01). The Kruskal-Wallis H test showed greater
similarity between groups than within the groups,
which revealed variation in the predominant microbiota
with clinical status (Table 2). UPGMA tree analysis
showed similar results (Figure 4). PCA analysis of
healthy and UC groups revealed large differences in
the predominant species among the control group,
remission and mild group, and the moderate and
severe group (Figure 5).
Sequencing results after purification (based on
digital DGGE profiles) showed the presence of a greater
number of C. perfringens and fewer Faecalibacterium
prausnitzii (F. prausnitzii) and Eubacterium rectale (E.
rectal) in UC group compared with the control group. C.
perfringens was present predominantly in severe UC.

A

B

Figure 1 Denaturing gradient gel electrophoresis profiles of fecal samples
from healthy controls. A: Denaturing gradient gel electrophoresis (DGGE)
profiles; B: Marked DGGE profiles. DGGE bands showed relative stability
among different individuals.

Statistical analysis

Quantity One software was used for Dice similarity
analysis and UPGMA tree analysis. DGGE strips data
are presented as mean ± SD. The Shapiro-Wilk test
was used to test the normality of the band number
and Dice analysis data. The content of each sample
was similar. The homogeneity of variance was robust
and highly efficient. The band number of DGGE strips
showed a normal distribution, unlike the Dice analysis
results. Therefore, the three groups were tested
using a Student-Newman-Keuls test. The Bonferroni
test was chosen to compare DGGE strips and band
numbers among the five groups. An extension t
test after non-parametric Kruskal-Wallis H test was
employed to compare the Dice analysis results among
multiple groups. The correlation between disease
activity and bacterial count was assessed using the
Spearman correlation coefficient. SPSS 19.0 software
was employed to analyze all the data. Two-tailed tests
were used in all analysis and P values of ≤ 0.05 were
considered statistically significant.

Bacteria in fecal samples of pouchitis patients

Significant changes occurred in the position and
number of bands from patients with pouchitis when
compared with NP and healthy controls (Figure 6).
Differences in the number of bands in the controls
(17 ± 3 bands), NP (11 ± 3 bands) and pouchitis (8
± 2 bands) are shown in Figure 7 (ANOVA test). A
Bonferroni test showed greater similarity between
groups than within groups, suggesting differences in the
predominant species in the healthy controls, NP and
pouchitis groups (Table 3). These results suggested
that patients with pouchitis had an altered microbiota
composition compared with healthy individuals.
UPGMA tree analysis showed similar results (Figure 8).
PCA analysis of healthy control and pouchitis groups
revealed great variation in the predominant species
in pouchitis compared with non-pouchitis and healthy
controls, which also differed from each other (Figure 9).
Sequencing results after purification (based on
digital DGGE profiles) showed fewer E. rectale and
more C. perfringens in the pouchitis group compared
with the NP and control groups.
As shown in Table 4, the DGGE profiles in pouchitis
patients varied significantly from UC in remission
to the severe state, while the NP group of patients
differed from UC in remission. The results showed

RESULTS
Bacteria in fecal samples from UC patients

The demographic details of the study patients are
shown in Table 1. DNA extracts from the fecal samples
from different individuals presented variable number of

WJG|www.wjgnet.com

8932

October 28, 2016|Volume 22|Issue 40|

Li KY et al . Fecal microbiota in pouchitis and UC
Table 2 Dice analysis of healthy control and ulcerative colitis subgroups
Group
Control
Remission
Mild
Moderate
Severe

Control

Remission

Mild

Moderate

Severe

(49.79 ± 11.24)%a

(35.32 ± 14.86)%
(42.89 ± 18.29)%a

(30.13 ± 11.23)%
(32.79 ± 13.68)%
(41.83 ± 16.38)%a

(31.98 ± 16.48)%
(30.22 ± 15.28)%
(29.89 ± 13.10)%
(43.45 ± 21.32)%a

(28.18 ± 14.99)%
(26.28 ± 13.94)%
(28.31 ± 18.39)%
(28.88 ± 13.69)%
(37.12 ± 19.98)%a

a

P < 0.05; result from similarity in the same group vs similarity in different groups.

A

B

C

D

Figure 2 Denaturing gradient gel electrophoresis profiles showed microbial biodiversity in different ulcerative colitis groups. A: Ulcerative colitis (UC)
patients in remission; B: UC patients in the mildly active stage; C: UC patients in the moderately active stage; D: UC patients in the severely active stage.
P < 0.001
P < 0.001
P = 0.006
25

No. bands

20

Table 3 Dice analysis of healthy control and pouchitis
subgroups

P < 0.001
P = 0.02
P = 0.019

Group
Control
Pouchitis
NP

15

Control
a

(49.79 ± 11.24)%

Pouchitis

NP

(25.33 ± 11.13)%
(35.43 ± 13.30)%a

(28.86 ± 14.23)%
(20.87 ± 12.31)%
(35.39 ± 10.80)%a

a

P < 0.05; result from similarity in the same group vs similarity in different
groups. NP: No pouchitis.

10
5

that patients with a pouch have an altered microbiota
diversity compared with UC patients (Figure 10). The
diversity of the microbiota from pouchitis patients was
lower than that in severe UC patients. A normal pouch
can be can be present along with mild, moderate and
severe UC. The sequencing results for the UC and
pouchitis groups showed that they shared a similar
microbiota, such as C. perfringens.
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Figure 3 Number of bands in denaturing gradient gel electrophoresis
profiles of samples obtained from 41 ulcerative colitis patients. The
number of bands decreased significantly from healthy controls to severe
ulcerative colitis.
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Table 4 Bacterial diversity comparison
Healthy controls
Healthy controls
Remission UC
Mild UC
Moderate UC
Severe UC
NP: PDAI < 7
Pouchitis: PDAI ≥ 7

0.298
0.006a
0.001a
0.000a
0.000a
0.000a

UC

Pouch

Remission

Mild

Moderate

Severe

NP

Pouchitis

0.298
0.113
0.020a
0.000a
0.014a
0.003a

0.006a
0.113
0.404
0.019a
0.007a
0.005a

0.001a
0.020a
0.404
0.128
0.009a
0.448

0.000a
0.000a
0.019a
0.128
0.019a
0.496

0.000a
0.014a
0.007a
0.009a
0.019a
0.034a

0.000a
0.003a
0.125
0.448
0.496
0.034a
-

a

P < 0.05. NP: No pouchitis; UC: Ulcerative colitis; Pouch: Ileal pouch established during ileal pouch-anal anastomosis surgery; pouchitis: Inflammation of
ileal pouch; PDAI: Pouchitis Disease Activity Index.

#38
#54
#48
#51
#55
#22
#23
#46
#21
#31
#20
#39
#40
#18
#47
#44
#10
#43
#42
#41
#36
#32
#30
#34
#29
#35
#45
#33
#53
#37
#25
#24
#19
#17
#15
#13
#26
#28
#27
#52
#3
#12
#7
#16
#14
#50
#1
#49
#11
#6
#9
#8
#5
#4
#2

Figure 4 UPGMA tree analysis of healthy controls and ulcerative colitis patients at different stages. 1-16: Healthy controls; 17-26: Ulcerative colitis (UC)
patients in remission; 27-37: UC patients in the mildly active stage; 38-47: UC patients in the moderately active stage; 48-57: UC patients in the severely active stage.
UPGMA tree analysis showed a significant difference among groups of healthy controls and UC patients at different stages.
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P < 0.001

0.8

P < 0.001
25

P = 0.034

No. bands

20

Bactenial
species

Axis 2

Healthy
control
Remission

0

Severe

NP

Pouchitis

reduced compared with the healthy group. Sequence
analysis showed more C. perfringens and less F.
prausnitzii and E. rectale in the UC group. Levels
of E. rectale (a butyrate-producing bacteria) were
[17]
significantly reduced on UC mucosa , and had high
age dependence. High clinical activity indices, as well
as sigmoidoscopy scores, were associated with E.
[18]
rectale . Vermeiren demonstrated fewer E. rectale
shown in UC patients via a dynamic gut model of
[17]
the mucin environment . C. perfringens, a Grampositive, anaerobic, spore-forming bacillus, is found in
[19]
the intestinal contents of both animals and humans .
C. perfringens is an intestinal commensal organism
as well as a pathogen, for example, via production of
[20]
toxins that damage the host tissues . C. perfringens
exerts proteolytic and mucinase activity, both of which
could mediate the pathogenesis of inflammatory
[21]
bowel disease (IBD) . C. perfringens found in IBD
patients, which is thought to be an important factor
during the immunopathogenesis of IBD, could result
[22]
from dysbiosis . Falk showed that there were
[24]
more C. perfringens in pouchitis patients . Another
study found that 21% of the total bacteria in colonic
specimens collected from patients with UC belonged
to clostridia of clusters Ⅰ, Ⅱ and XI, which were not
[23]
found in the control groups . We should keep in
mind that ileum tissues of UC patients were the origin
of the present pouches. F. prausnitzii is the most
host species-specific microbe in the study of IBD.
[25]
Sokol et al
studied a small group of 17 UC patients
and reported a reduction in F. prausnitzii in active
UC patients. A strong anti-inflammatory effect of F.
prausnitzii has been demonstrated both in vitro and in
[26]
[27]
vivo . Machiels et al
observed a significant inverse
correlation between disease activity and numbers of F.
prausnitzii, indicating that a deficiency of this species
provokes or enhance inflammation. F. prausnitzii
produces high concentrations of butyrate, a vital energy
source for colonocytes, which also prevents mucosal
atrophy. Consequently, butyrate improves the mucosal
barrier function of the colon. Furthermore, butyrate

1.0
Axis 1

Figure 5 Principal component analysis of denaturing gradient gel
electrophoresis microbial profiles in fecal samples of healthy controls and
ulcerative colitis patients at different stages. Clustering of similar microbial
profiles showed systematic differences among different groups.

A

B

Figure 6 Denaturing gradient gel electrophoresis profiles of fecal samples
from patients with pouchitis. A: Denaturing gradient gel electrophoresis
(DGGE) profiles; B: Marked DGGE profiles. DGGE bands revealed the relative
stability of the microbiota in pouchitis group.

DISCUSSION
In this study, we focused on UC patients after IPAA
surgery, and specifically compared patients develo
ping pouch inflammation with those without surgery.
Our digital analysis of stool samples showed that
the predominant microbiota in UC patients was
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Controls

Figure 7 Number of bands in denaturing gradient gel electrophoresis
profiles of samples obtained from patients receiving surgery. The number
of bands was reduced significantly in pouchitis compared with the control group
and the no pouchitis (NP) group.
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#24
#10
#25
#28
#22
#21
#32
#26
#1
#17
#31
#30
#34
#20
#29
#27
#23
#11
#33
#12
#19
#18
#15
#13
#4
#2
#35
#5
#3
#7
#6
#16
#14
#9
#8

Figure 8 UPGMA tree analysis of healthy controls and postoperative patients. 1-16: Healthy controls; 17-27: UC patients without pouchitis after IPAA; 28-35:
Patients with pouchitis. UPGMA tree analysis showed a significant difference among the three groups.

exhibits immunomodulatory and anti-inflammatory
effects by downregulating pro-inflammatory cyto
[28]
kines . Our data showed that bacterial biodiversity
in feces decreased distinctly with the severity of
Mayo classification compared with healthy controls.
Studies have demonstrated that the mucosal biopsies
from patients with active Crohn’s disease (CD) or
active UC showed reduced bacterial diversity after
[29]
analysis of 16S rRNA genes . Furthermore, Manichanh
[30]
et al
reported a reduction in the phylum Firmicutes
in CD in remission using an extensive metagenomic
analysis. Consistent with previous studies, our results
confirmed that bacterial diversity was reduced in fecal
samples from UC patients at different grades, and
demonstrated changes in the microbial composition
among subgroups in UC. The decreased biodiversity
in UC might disrupt the stability of gut ecosystem.
The results revealed that changes in the predominant
bacteria were consistent with the Mayo classification.
Therefore, we suggest that the fecal microflora in UC
patients is reduced in aggravated intestinal lesions.
[31]
A previous study by Wills et al
reported patientspecific shifts in microbial composition in UC patients
showing altered pathological activity over time. The
changes were more pronounced in CD cases than in
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UC patients, suggesting their role in the inflammatory
process of UC.
By contrast, the number of bands on the DGGE
profiles from pouchitis patients varied between
UC and healthy controls. We showed a decrease
in bacterial diversity and reduced abundance of
predominant bacteria in UC pouches. R. gnavus
infection, especially occurring as the predominant
microbiota before colectomy, was shown to increase
[12]
the risk of pouchitis 1 year after IPAA . R. gnavus
produces the bacteriocin ruminococcin A, which
inhibits the growth of phylogenetically-related species
[32]
and various bifidobacterial and clostridial species .
[33]
Ruminococcin A also degrades intestinal mucin
and induced α-galactosidase and β-glucuronidase
[34]
activity in vitro . β-glucuronidase activity generates
toxic metabolites in the colon, which provoke local
[35]
inflammation. Png et al
observed an increase in
mucolytic bacteria, including R. gnavus, in biopsies
of patients with UC and CD. Our data are supported
by reports from several groups that analyzed fecal or
[7]
biopsy samples using different DNA-based methods ,
further confirming the association between changes in
microbiota and pouchitis. By contrast, the variability
in endogenous factors, including secretion of mucins,
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1.0

COMMENTS
COMMENTS
Background

Bactenial species

Axis 2

Healthy control

Pouchitis is a commonly-seen complication in patients with ulcerative colitis (UC)
following ileal pouch-anal anastomosis (IPAA) procedure. The gut microbiome
is considered to play a vital role in the occurrence and development of UC. In
addition, antibiotics and probiotics have already been used to treat and prevent
pouchitis. However, direct evidence of dysbacteriosis in pouchitis is lacking.

Research frontiers

Non-pouchitis

Gut microbiota is hot topic in field of intestinal inflammation, especially in
inflammatory bowel disease (IBD), where data are often conflicting.

Pouchitis

Innovations and breakthroughs

The authors demonstrated the role of the reduced diversity and the changed
composition of intestinal microbiota in the pathogenesis of pouchitis. Reduced
levels of Faecalibacterium prausnitzii and Eubacterium rectal were confirmed in
UC patients, and Clostridium perfringens was significantly increased in UC and
pouchitis.

-1.0
-1.0

1.0

Applications

Axis 1

These findings provide new clues to better understand the pathogenesis of
pouchitis in UC patients subjected to IPAA, although the findings will not be
used immediately in the treatment of pouchitis.

Figure 9 Principal component analysis of denaturing gradient gel
electrophoresis microbial profiles in fecal samples of healthy controls
and patients with pouch (with or without pouchitis). Clustering of similar
microbial profiles showed significant differences among the three groups.

Terminology

Pouchitis: An inflammation in the intestinal pouch, which is established
following the proctocolectomy IPAA procedure for patients with UC to prevent
permanent abdominal fistula. Pouchitis could have serious consequences, such
as bloody diarrhea and even ileal pouch failure.
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The manuscript definitely deals with a hot topic in the IBD and intestinal
inflammation field, where data are often conflicting. The deep insight and
detailed description made by the authors of the diversity of microbiota in
healthy people and patients will provide new clues to better understand the
pathogenesis of pouchitis following IPAA for UC.
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Figure 10 Number of bands in denaturing gradient gel electrophoresis
profiles of samples obtained from all subjects. The number of bands was
reduced significantly in pouch group (UC patients who underwent IPAA, with
or without pouchitis) compared with the control group and the UC group. UC:
Ulcerative colitis.
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Abstract
AIM
to determine the non-biased prevalence and clinical
significance of ansa pancreatica in patients with acute
pancreatitis using magnetic resonance imaging (MRI).

Informed consent statement: Our institutional review board
approved waiver of informed consent for the present crosssectional study about the patient (pancreatitis) group. All of the
subjects of community group provided written informed consent
for the comprehensive epidemiological study.

METHODS
Our institutional review board approved this crosssectional study, which consisted of a community-based
cohort of 587 consecutive participants in a whole-body
health-check program, and 73 subjects with episode
of acute pancreatitis (55 patients with a single episode
of acute pancreatitis, and 18 patients with recurrent
acute pancreatitis). All of the subjects underwent
abdominal MRI including magnetic resonance cholan
giopancreatography, medical examinations, and blood
tests. Two board-certified, diagnostic, abdominal
radiologists evaluated the images, and ansa pancreatica
was diagnosed based on its characteristic anatomy on
MRI.
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RESULTS
Compared with the community group [5/587 (0.85%)],
patients with recurrent acute pancreatitis had a
significantly higher frequency of ansa pancreatica [2/18
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(11.1%)] (P = 0.016; OR = 14.3; 95%CI: 1.27-96.1),
but not compared with patients with single-episode
acute pancreatitis [1/55 (1.8%)] (P = 0.42; OR = 2.1;
95%CI: 0.44-19.7). Multiple logistic regression analysis
using age, alcohol intake, presence of ansa pancreatica,
and presence of autoimmune disease as independent
covariates, revealed a significant relationship between
the presence of ansa pancreatica and recurrent acute
pancreatitis. The presence of autoimmune disease was
also significantly associated with the onset of recurrent
acute pancreatitis. On the other hand, neither age nor
alcohol intake were significantly related to the onset of
recurrent acute pancreatitis.

However, recurrent episodes of acute pancreatitis is
[8,10,11]
idiopathic in as many as 20% of patients
.
[12]
Dawson and Langman first reported ansa pan
creatica in 1961. In this pancreatic duct variant, the
accessory duct is obliterated at its junction with the
ventral duct, and is replaced with an additional curved
communicating duct between the ventral and dorsal
ducts at the pancreatic head. This additional duct
arises from the ventral duct, runs into the caudal side
of the ventral duct, turns to the ventral side with a
reversed S-shaped curve, and finally terminates in and
[4,12-14]
around the minor papilla (Figures 1 and 2)
.
In several case reports, ansa pancreatica was
hypothesized to be a predisposing factor for pancreatitis,
[14,15]
particularly acute pancreatitis
. To date, however, no
case-control study has confirmed its clinical significance.
Therefore, the present study aimed to investigate
the relationship between ansa pancreatica and acute
pancreatitis.

CONCLUSION
The present study is the first to provide robust evidence
that the presence of ansa pancreatica is significantly
associated with recurrent acute pancreatitis.
Key words: Anatomy; Cholangiopancreatography;
Pancreatitis; Magnetic resonance imaging; Pancreatic
duct

MATERIALS AND METHODS

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

Ethics

Core tip: Ansa pancreatica is a rare anatomical variation
of the accessory pancreatic duct and was hypothesized
to be a predisposing factor for pancreatitis. However its
in vivo prevalence was unknown and no case-control
study has confirmed its clinical significance. This study
is the first case-control study to determine the nonbiased prevalence and provide robust evidence that the
presence of ansa pancreatica is significantly associated
with recurrent acute pancreatitis, using non-invasive
magnetic resonance imaging.

Subjects

This study conformed with the Declaration of Helsinki.
The prospective and retrospective use of the clinical,
biochemical, and radiographic data was approved by
the Research Ethics Committee of the University of
Tokyo Hospital for the present cross-sectional study.

The subjects were divided into a community group
(group 1) and patients with acute pancreatitis (group
2); the latter group was divided into two subgroups.
Group 1 included consecutive community residents
who attended a paid health checkup program be
tween October 12, 2006 and May 31, 2007 that was
advertised via leaflets and the Internet. The program
included blood testing; evaluation of drinking and
smoking habits; a thorough medical and subjective
symptom history; and a physical examination per
formed by a physician. Additionally, whole-body
imaging studies were performed, and included
magnetic resonance imaging (MRI) of the abdomen
and magnetic resonance cholangiopancreatography
(MRCP). Laboratory blood testing comprised WBC and
platelet counts, hemoglobin, glycated hemoglobin,
amylase, glucose, insulin, C-reactive protein, aspartate
aminotransferase, alanine aminotransferase, alkaline
phosphatase, γ-glutamyltransferase, total bilirubin, and
high- and low-density lipoprotein. All of the tests in
individual subjects were performed on the same day.
All of the subjects provided written informed consent
for the comprehensive epidemiological study. Only
subjects who underwent all of the examinations listed
above were included in the study.
Group 2 included patients who were diagnosed with
acute-type pancreatitis regardless of the cause. These
patients were divided into two subgroups depending

Hayashi TY, Gonoi W, Yoshikawa T, Hayashi N, Ohtomo K.
Ansa pancreatica as a predisposing factor for recurrent acute
pancreatitis. World J Gastroenterol 2016; 22(40): 8940-8948
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i40/8940.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i40.8940

INTRODUCTION
Pancreatitis is a severe inflammatory disease that
is critical in some patients. Furthermore, serious
damage of pancreatic tissue leads to dysfunction of
the endocrine and exocrine systems, particularly in the
chronic phases of the disease. There are several known
causes of pancreatitis, including excessive alcohol
consumption, biliary stones, trauma, autoimmunity,
metabolic disorders, drugs, iatrogenic, infection, genetic
[1-3]
mutations, malignancy, and heredity factors ; and
morphological aberrations such as atypical arrangement
[4,5]
of the pancreaticobiliary ductal system , pancreas
[5-8]
[9]
divisum , or a meandering main pancreatic duct .
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retrospective medical chart review of all consecutive
patients who were suspected of having single-episode
or recurrent acute pancreatitis and who underwent
abdominal MRI and MRCP between January 1, 2003
and October 17, 2013. To determine the type of
pancreatitis, the entire medical records for all patients
were reviewed to evaluate the type of onset and
the cause of pancreatitis. The respective diagnoses
were assessed using the latest criteria available as of
March 2014. Single-episode acute pancreatitis was
defined used the Japanese (JPN) Guidelines for the
[16]
management of acute pancreatitis . Recurrent acute
pancreatitis was defined as the following: ≥ 2 welldocumented episodes of abdominal pain typical of
acute pancreatitis that were separated by > 2 mo; and
≥ 1 of (1) lipase or serum amylase elevation > 3 × the
upper limit of normal, and/or (2) features consistent
[11,17]
with acute pancreatitis on diagnostic imaging
.
The cause of pancreatitis was also examined in the
acute pancreatitis group. Idiopathic pancreatitis was
diagnosed after excluding all established causes of
pancreatitis, and according to the results of physical
examination, imaging, and biochemical tests. Genetic
testing and manometric assessments were conducted
only if deemed necessary.
The exclusion criteria were as follows: incomplete
clinical evaluations, pancreatitis with chronic onset
(diagnosed using the latest criteria of the revised
Japanese clinical diagnostic criteria for chronic pan
[18]
creatitis) , the quality of MRI scans was inadequate to
evaluate the accessory duct (we used stricter criteria
compared with the usual clinical standard), postpancreaticoduodenectomy status, and the presence
of a pancreatic or biliary tumor occupying the head of
pancreas. The region (undetectable, head, body, tail,
or ≥ 2 of these pancreatic regions) and severity of
inflammation were also assessed using the Japanese
Ministry of Health, Labour, and Welfare severity scoring
[19]
system for acute pancreatitis (JPN score 2008) .
Our institutional review board approved waiver of
informed consent for the present cross-sectional study
about the pancreatitis group.

Figure 1 Ansa pancreatica depicted on magnetic resonance images and
its schematic image. Magnetic resonance cholangiopancreatography reveals
the absence of a normal type of accessory pancreatic duct and the presence of
an additional curved duct in the head of pancreas (white arrows). The additional
duct is seen crossing the main pancreatic duct on this projection image.
Schematic image of the pancreatic duct is described on the right side. The
broken line indicates the ventral duct and the solid black line represents ansa
pancreatica.

A

B

MRI technique

For the community group, MRI was performed using
3 T scanners (GE Medical Systems, Waukesha, WI,
United States). During breath hold, heavily T2weighted MRCP images were acquired in the coronal
plane using a two-dimensional (2D) half-Fourier fast
spin echo (FSE) technique [repetition time/echo time
(TR/TE), ∞/600 ms; slice thickness (ST), 40 mm].
Four coronal and oblique-coronal projection images
were reconstructed. Transaxial FSE T2-weighted
images [TR/TE, ∞/80 ms; ST, 3 mm (without gap)]
and fat-suppressed T1-weighted images were also
acquired for complementary interpretation, using a
three-dimensional (3D) gradient echo technique [TR/
TE, 3.5/1.5 ms; flip angle, 15°; ST, 3 mm (with 1.5

Figure 2 Schematic images of a normal pancreatic duct (A) and ansa
pancreatica (B). The vertical thick gray line indicates the common bile duct
and the broken lines indicate the ventral duct. The solid black line represents
the normal accessory duct in (A) and ansa pancreatica in (B). In the normal
type (A), the accessory duct (arrows) arises near the flexion point (arrowhead)
of the main pancreatic duct and runs towards the minor papilla horizontally and
to the right. In ansa pancreatica (B), the additional duct (arrows) arises from the
caudal side of the flexion point (arrowhead) of the main pancreatic duct. It runs
caudally at first, then rightward and ventrally, crossing the ventral duct, and
finally terminates near the minor papilla.

on whether they had single-episode acute pancreatitis
or recurrent acute pancreatitis. We performed a
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mm overlap)]. Subjects were not premedicated.
For the acute pancreatitis group, MRI was performed
using either 3 T scanners (GE Medical Systems) or
1.5 T scanners (GE Medical Systems; Siemens AG,
Erlangen, Germany; and Toshiba Medical Systems,
Tochigi, Japan). With the patients in breath hold, heavily
T2-weighted MRCP images were acquired by 2D halfFourier FSE (TR/TE, 2400-∞/600-1100 ms; ST, 30-50
mm) and respiratory-gated 3D half-Fourier FSE [TR/TE,
1300-∞/500-900 ms; ST, 1.2-2.0 mm (without gap)].
Coronal and oblique-coronal projection images were
reconstructed. We also acquired transaxial and coronal
T2-weighted images [FSE; TR/TE, 1300-∞/80-150
ms; ST, 5 mm (without gap)] and fat-suppressed
T1-weighted images [3D gradient echo; TR/TE,
3-840/1.5-140 ms; flip angle, 15°; ST, 1.5 mm (without
gap)] for complementary interpretation. Before MRI,
the patients were administered manganese chloride
solution (Bothdel Oral Solution 10; Kyowa Hakko Kirin,
Tokyo, Japan) as negative oral contrast agent.

that were associated with pancreatitis. To prevent
overestimation of the number of predictive values,
variables with P < 0.05 in the univariate analyses were
selected before applying family-wise error correction.
All statistical computations were performed using R
Ver. 2.9 (free software; The R Foundation for Statistical
Computing, Vienna, Austria; http://cran.r-project.
org/).

RESULTS
Subjects

In group 1674 subjects completed the study.
Subjects were excluded because of post-pancrea
ticoduodenectomy (n = 1); incomplete MRI scans
(n = 1); intraductal papillary mucinous neoplasm in
the head of pancreas (n = 9); and inadequate image
quality to evaluate the accessory duct, most commonly
due to hindered visualization of the pancreatic ducts
owing to artifact from gastrointestinal signal (n =
76). The final evaluable cohort of 587 community
subjects included 250 women (mean age, 57.0 years;
range, 31-84 years) and 337 men (mean age, 56.6
years; range, 40-86 years) (Table 1). The majority
of subjects were Japanese (one subject was Korean).
None of these subjects complained of pancreatic
pain. Six subjects had a history of pancreatitis, of
which four had acute pancreatitis and two had chronic
pancreatitis. The medical records for the four subjects
with acute pancreatitis were unavailable so we could
not determine whether they had recurrent acute
pancreatitis or single-episode acute pancreatitis.
In group 2, a total of 6103 MRCP scans were
performed between January 1, 2003 and October
17, 2013. After excluding overlapping subjects and
patients without single-episode acute pancreatitis or
recurrent acute pancreatitis, 102 patients remained,
of which 78 had single-episode acute pancreatitis and
24 had recurrent acute pancreatitis. Patients were
excluded because of incomplete clinical evaluation (n
= 13), tumor in the head of pancreas (n = 3), and
post-pancreaticoduodenectomy (n = 1). In addition,
patients with insufficient image quality (n = 12)
were also excluded. Of 73 evaluable patients, 55 had
single-episode acute pancreatitis (mean age, 57.5
years; range, 26-85 years) and 18 had recurrent
acute pancreatitis (mean age, 46.1 years; range,
26-82 years). The single-episode acute pancreatitis
subgroup included 16 female patients (mean age, 57.8
years; range, 16-85 years) and 39 men (mean age,
57.4 years; range, 24-82 years). The recurrent acute
pancreatitis subgroup included 9 women (age, 26-82
years; mean, 50.7 years) and 9 men (age, 29-67
years; mean, 41.6 years). All of the patients with
acute pancreatitis were Japanese (Tables 2 and 3).

Image interpretation

All MRI scans were reviewed by two board-certified,
qualified (6-8 years’ experience of pancreaticobiliary
imaging), diagnostic, abdominal radiologists on picture
archiving and communication system workstations
(Centricity; GE Medical Systems). Both radiologists
were blinded to the clinical information. One radiologist
acted as the main interpreter and other supervised the
image interpretation.
Pancreatic ductal anatomy was evaluated on MRI
scans as follows. Ansa pancreatica was considered
present if the oblique-coronal MRCP plane showed
(1) the upstream accessory duct was obliterated; and
(2) the additional duct arose from the ventral duct,
ran caudally, then dextrad and ventrally, and finally
terminated near the minor papilla. The radiologist
was asked to state whether ansa pancreatica was
present or not. All radiographic findings related to
the pancreaticobiliary system were recorded (e.g.,
other variants of pancreatic ductal fusion, pancreatic
ductal/ductile dilation or irregularity, gallstones,
pancreatic cystic lesions, cystic polyps, pancreatic
parenchymal atrophy, biliary morphological defects,
adenomyomatosis, and juxtapapillary duodenal
diverticulum). In suspected cases of ansa pancreatica,
the two radiologists evaluated the images to reach
a consensus on its presence or absence. When the
opinions disagreed, the supervisor’s interpretation took
precedence.

Statistical analysis

For univariate comparisons between groups, Welch’s
t test was used for continuous variables and, for cate
gorical values, Fisher’s exact test was used; 0.05 was
set as the level of statistical significance. Bonferroni’s
method was used to correct family-wise error. Multiple
logistic regression analysis was used to identify factors
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Table 1 Characteristics of subjects in the community group with and without ansa pancreatica

Age (yr)
Females
Brinkman index
(cigarettes/d × years)
Alcohol intake (kg/yr)
Clinical history
All cases of pancreatitis3
Acute pancreatitis
Diabetes mellitus
Hypertension
Hyperlipidemia
Any malignant neoplasm
Autoimmune disease

All subjects (n = 587)

Subjects without ansa
pancreatica (n = 582)

Subjects with ansa pancreatica
(n = 5)

P value

56.8 ± 10.4
250 (43)
244 ± 408

56.8 ± 10.4
248 (43)
246 ± 409

53.6 ± 10.7
2 (40)
120 ± 240

0.601
0.702
0.361

5.8 ± 7.8

5.7 ± 7.7

11.4 ± 12.9

0.431

6 (1)
4 (0.7)
30 (5)
109 (19)
67 (11)
45 (8)
14 (2)

5 (0.9)
3 (0.5)
30 (5)
109 (19)
67 (12)
45 (8)
14 (2)

1 (20)
1 (20)
0
0
0
0
0

0.0502
0.0342
12
0.592
12
12
12

OR (95%CI)

28 (0.49-364)
46 (0.74-746)

Values are presented as the n (%) or mean ± SD deviation. 1Welch’s t test; 2Fisher’s exact test; 3Includes subjects with single-episode acute pancreatitis and
subjects with recurrent acute pancreatitis.

statistical significance (Table 1). Two of the subjects
(40%, 2/5) with ansa pancreatica in the community
group presented with other radiological abnormalities
in the pancreatic duct: one had slight dilation of
main pancreatic duct (4 mm) and the other had
Wirsungocele.
Among the patients with acute pancreatitis,
3 (4.1%, 3/73) had ansa pancreatica, of which 2
(11.1%, 2/18) had recurrent acute pancreatitis and 1
(1.8%, 1/55) had single-episode acute pancreatitis.
Pancreatitis in patients with ansa pancreatica was
caused by alcohol in two patients and was idiopathic
in one (Table 4). None of the patients with ansa
pancreatica in the acute pancreatitis group had other
accompanying morphological pancreaticobiliary
abnormalities.
Compared with the community group, the recurrent
acute pancreatitis subgroup showed significantly
higher rates of ansa pancreatica after family-wise
correction, with a very high OR (P = 0.016; OR =
14.3; 95%CI: 1.27-96.1). However, no difference
was observed in the single-episode acute pancreatitis
subgroup or the total group of patients with acute
pancreatitis (Table 5). The age and alcohol intake were
significantly lower and the frequency of autoimmune
disease (including non-organ-specific autoimmune
disorders and organ-specific autoimmune disorders like
autoimmune pancreatitis) was significantly greater in
the recurrent acute pancreatitis subgroup than in the
community group, but no differences were observed
in the other clinical features (Table 6). Based on the
results of the univariate analyses, multiple logistic
regression analyses were performed using age, alcohol
intake, presence of ansa pancreatica, and presence
of autoimmune disease as independent covariates.
Considering that the exact type of pancreatitis
(recurrent or single-episode) was unknown in four
subjects with acute pancreatitis in the community
group, we performed statistical analyses using all
combinations of recurrent or single-episode acute

Table 2 Characteristics of patients with single-episode acute
pancreatitis with and without ansa pancreatica

Age (yr)
Females
Brinkman index
(cigarettes/d × years)
Alcohol intake (kg/yr)
Clinical history
Diabetes mellitus
Hypertension
Hyperlipidemia
Any malignant neoplasm
Autoimmune disease

All patients
(n = 55)

Patients
without ansa
pancreatica
(n = 54)

Patients
with ansa
pancreatica
(n = 1)

57.5 ± 18.5
16 (29)
355 ± 887

57.6 ± 18.5
16 (30)
364 ± 888

50
0 (0)
0

8.1 ± 11.1

7.9 ± 11.1

16.1

11 (20)
14 (25)
12 (22)
8 (15)
5 (9)

11 (22)
14 (29)
12 (25)
8 (16)
5 (10)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

Values are presented as the n (%) or mean ± SD.

in 88.7% (587/663) of subjects in the community
group and in 85.9% (73/85) of patients with acute
pancreatitis, and was not significantly different
between these two groups (P = 0.47; OR = 0.78;
95%CI: 0.40-1.67). In the community group, 0.85%
(5/587) of subjects had ansa pancreatica; 17 (2.9%)
had pancreas divisum, 37 (6.3%) had a meandering
main pancreatic duct, 1 (0.017%) had an anomalous
arrangement of the pancreaticobiliary ductal system,
and 1 (0.017%) had a retroportal main pancreatic
duct.
When we compared subjects with and without ansa
pancreatica in the community group, we observed no
significant differences between these two subgroups
in terms of sex, clinical history, or hematologic and
biochemical variables (Table 1). The incidence of
acute pancreatitis, including single-episode acute
pancreatitis and recurrent acute pancreatitis, was
greater in subjects with ansa pancreatica (20.0%,
1/5) than in subjects without ansa pancreatica
(0.52%, 3/582), although this difference did not reach
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Table 3 Characteristics of subjects with recurrent acute pancreatitis with and without ansa pancreatica

Age (yr)
Female
Brinkman index
(cigarettes/d × years)
Alcohol intake (kg/yr)
Clinical history
Diabetes mellitus
Hypertension
Hyperlipidemia
Any malignant neoplasm
Autoimmune disease

All patients (n = 18)

Patients without ansa pancreatica
(n = 16)

Patients with ansa pancreatica
(n = 2)

P value

46.1 ± 14.4
9 (50)
103.1 ± 174

44.6 ± 14.1
8 (50)
122 ± 183

58.5 ± 9.5
1 (50)
0±0

0.361
12
0.061

1.06 ± 2.01

1.14 ± 2.1

0

0.621

1 (6)
3 (17)
5 (28)
0 (0)
4 (22)

0 (0)
3 (19)
5 (31)
0 (0)
4 (25)

1 (50)
0 (0)
0 (0)
0 (0)
0 (0)

0.192
11,2
11
11
11

Values are presented as the n (%) or mean ± SD. 1Welch’s t test; 2Fisher’s exact test.

Table 4 Causes of pancreatitis and ansa pancreatica
Cause

All patients with acute pancreatitis
(n = 73)

Gallstones
Alcohol
Idiopathic
Iatrogenic
Pancreas divisum1
Autoimmunity2
Meandering main pancreatic duct3
Pancreaticobiliary maljunction
Alcohol and hyperlipidemia combined
Choledocal cyst, pancreaticobiliary
maljunction, and pancreas divisum
combined
Cholesterol embolism
Crohn’s disease
Drug induced
Hyperlipidemia
Hypothermia
Sphincter of Oddi dysfunction

19 (26.0)
14 (19.0)[2]
10 (14.0)[1]
6 (8.2)
6 (8.2)
4 (5.6)
3 (4.2)
1 (1.4)
1 (1.4)
1 (1.4)

Patients with single-episode acute
pancreatitis (n = 55)
18 (33.0)
12 (22.0)[1]
6 (11.0)
6 (11.0)
1 (1.8)
2 (3.6)
1 (1.8)
1 (1.8)
1 (1.8)
1 (1.8)

1 (1.4)
1 (1.4)
1 (1.4)
3 (4.2)
1 (1.4)
1 (1.4)

1 (1.8)
1 (1.8)
1 (1.8)
2 (3.6)
1 (1.8)
0 (0)

Patients with recurrent acute
pancreatitis (n = 18)
1 (5.6)
2 (11.0)[1]
4 (22.0)[1]
0 (0)
5 (28.0)
2 (5.6)
2 (11.0)
0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)
1 (5.6)
0 (0)
1 (5.6)

Values are presented as the n (%); values in square brackets represent the number of subjects with ansa pancreatica. 1Diagnosed according to the criteria
used in a previous study[8]; 2Diagnosed according to the Asian Criteria of Autoimmune Pancreatitis revised in 2008[27]; 3Diagnosed according to the criteria
used in a previous study[9].

combinations, with ORs ranging from 14.0 (P = 0.03;
95%CI: 3.0-25.0) to 79.3 (P = 0.0002; 95%CI:
69.5-89.1) depending on the combination tested. The
presence of autoimmune disease was also significantly
associated with the onset of recurrent acute
pancreatitis in all combinations, with ORs ranging from
13.2 (P = 0.0030; 995%CI: 7.7-18.7) to 18.4 (P =
0.0028; 95%CI: 11.6-25.2). According to the results
of multiple logistic regression analyses, neither age nor
alcohol intake were significantly associated with the
onset of recurrent acute pancreatitis.
When we evaluated the prevalence of ansa
pancreatica according to the cause of pancreatitis,
we found that ansa pancreatica was most frequent
in patients with alcoholic pancreatitis (14.3%, 2/14)
(Table 4).
Among all patients with acute pancreatitis, MRCP
scans were obtained in the acute phase of pancreatitis

Table 5 Frequency of ansa pancreatica and its association
with single-episode and recurrent acute pancreatitis
Cases of ansa P value
pancreatica (%)
All patients with acute
pancreatitis
Patients with singleepisode acute pancreatitis
Patients with recurrent
acute pancreatitis
Community group

1

OR (95%CI)

3/73 (4.1)

0.048

4.97 (0.76-26.2)

1/55 (1.8)

0.42

2.12 (0.04-19.7)

2/18 (11.1)

0.0162

14.3 (1.27-96.1)

5/587 (0.85)

1

Fisher’s exact test for comparisons with the community group;
Statistically significant after family-wise correction.

2

pancreatitis. These analyses revealed a significant
positive association between ansa pancreatica
and the onset of recurrent acute pancreatitis in all
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Table 6 Comparison of the characteristics of patients with recurrent acute pancreatitis and the community group
Community group (n = 587)

Patients with recurrent acute
pancreatitis (n = 18)

P value

56.8 ± 10.4
250 (43)
244 ± 408

46.1 ± 14.4
9 (50)
103.1 ± 174

0.00011,2
0.633
0.0191

5.8 ± 7.8

1.06 ± 2.0

< 0.00011,2

30 (5)
109 (19)
67 (11)
45 (8)
14 (2)

1 (6)
3 (17)
5 (28)
0 (0)
4 (22)

13
13
0.0513
0.393
0.00102,3

Age (yr)
Female
Brinkman index
(cigarettes/d × years)
Alcohol intake (kg/yr)
Clinical history
Diabetes mellitus
Hypertension
Hyperlipidemia
Any malignant neoplasm
Autoimmune disease

OR (95%CI)

11.6 (2.46-43.7)

Values are presented as the n (%) or mean ± SD. 1Welch’s t test; 2Statistically significant after family-wise correction; 3Fisher’s exact test.

in 1 (33.3%) patient with ansa pancreatica. This
patient had an idiopathic recurrent acute attack, which
presented with pancreatitis limited to the head of
[19]
pancreas and was classified as non-severe .
In all eight cases with ansa pancreatica, the duct
arose from the papillary side of the flexion point of the
ventral duct where the normal accessory duct arose
(Figures 1 and 2).

consistent with our findings.
In several case reports, it was speculated that the
presence of ansa pancreatica is a predisposing factor
for pancreatitis. Kamisawa and Dawson reported a
more frequent occurrence of impervious minor papilla
[12,22]
in patients with ansa pancreatica (66.7%-79.3%
)
[13]
than in healthy subjects (59%) , and this was
assumed to be the cause of pancreatitis. In the present
study, patients with recurrent acute pancreatitis had
a significantly higher frequency of ansa pancreatica
(11.1%) than seen in the community group (0.85%).
This result indicates that the presence of ansa
pancreatica is a predisposing factor for pancreatitis, as
previously hypothesized.
Dawson and Kamisawa reported that in subjects
without pancreatitis, the ansa pancreatica type of
accessory duct was detected in 17% and 13.6% by
[12,22]
ERCP and eosine injection, respectively
; these
values are considerably higher than the values in our
study. We found that most of the ansa pancreatica
ducts presented as faint outlines on the MRCP images.
Therefore, the detectability of ansa pancreatica may be
influenced by differences in imaging methods, because
intraductal pressure is higher during ERCP than in
[23]
normal physiological conditions . We also speculate
that racial difference may have influenced the results.
In addition, we think that the ansa pancreatica
detected on MRCP are more dilated cases reflecting
more severe congestion of pancreatic juice and high
intraductal pressure, which are relevant to the etiology
of pancreatitis.
Ansa pancreatica is widely assumed to be a
predisposing factor for pancreatitis, particularly in
[24-26]
heavy alcohol consumers
. Indeed, we found that
the frequency of ansa pancreatica was highest in
patients with alcoholic pancreatitis, although this was
not statistically significant. This result may indicate that
heavy alcohol consumers with ansa pancreatica should
be advised to abstain from drinking. Nevertheless,
the exact mechanism linking alcohol consumption
and ansa pancreatica in the onset of pancreatitis is
unknown.

DISCUSSION
To our knowledge, this is the first case-control study
to focus on ansa pancreatica. We determined the
prevalence of ansa pancreatica visible on MRCP
in a community group and in patients with singleepisode or recurrent acute pancreatitis, and revealed
a significant association between the presence of
ansa pancreatica and the onset of recurrent acute
pancreatitis.
MRCP is a diagnostic technique that can image
the pancreaticobiliary duct in a non-invasive manner;
it does not require radiation exposure or injection of
contrast media, and carries a low risk of complications.
In recent years, technological advances mean that
MRCP has started to compete with ERCP in terms of
[20,21]
imaging quality
. In the present study, we used
MRCP, which enabled us to acquire pancreaticobiliary
images of the study groups in nearly identical
conditions, which is necessary in a case-control study.
Ansa pancreatica was characterized by the absent
accessory duct at the junction with the ventral duct
and by the presence of an extra curved duct linking
the ventral and dorsal pancreatic duct. In this study,
we observed that all ansa pancreatica ducts arose
from the papillary side of the flexion point of the
ventral duct. This location was similar to the bifurcation
of the lower branch of ventral duct, which arose from a
point closer to the papillary side than the source of the
normal accessory duct. Dawson proposed that ansa
pancreatica was formed by the fusion of the proximal
part of the dorsal duct with the lower branches of the
[12]
dorsal and ventral ducts , and this hypothesis was
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We also observed that patients with recurrent acute
pancreatitis were significantly more likely to have an
autoimmune disease than subjects in the community
group. This seems reasonable because autoimmune
pancreatitis shows a strong tendency to recur.
The major limitations of the present study are
as follows. First, the ability of MRCP to assess ductal
anatomy might be imperfect. However, MRCP is the
only pancreaticobiliary imaging method that can be
used in healthy subjects and was therefore essential
to ensure the procedures were comparable in this
case-control study. Second, the subjects enrolled
in this study were Asian: almost all subjects were
Japanese. Therefore, careful consideration is needed in
generalizing this result to the whole population.
In conclusion, this is the first study to investigate
the clinical significance of ansa pancreatica using a
case-control study design. Our results indicate that the
presence of ansa pancreatica is a predisposing factor
for the onset of recurrent acute pancreatitis.
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diagnostic parameter for staging fibrosis in patients
with NAFLD. The evaluation of liver volume using CT
volumetry is useful for predicting the fibrosis stage in
NAFLD.
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Abstract

Fujita N, Nishie A, Asayama Y, Ishigami K, Ushijima Y,
Takayama Y, Okamoto D, Shirabe K, Yoshizumi T, Kotoh K,
Furusyo N, Hida T, Oda Y, Fujioka T, Honda H. Fibrosis in
nonalcoholic fatty liver disease: Noninvasive assessment using
computed tomography volumetry. World J Gastroenterol 2016;
22(40): 8949-8955 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i40/8949.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i40.8949

AIM
To evaluate the diagnostic performance of computed
tomography (CT) volumetry for discriminating the
fibrosis stage in patients with nonalcoholic fatty liver
disease (NAFLD).
METHODS
A total of 38 NAFLD patients were enrolled. On the
basis of CT imaging, the volumes of total, left lateral
segment (LLS), left medial segment, caudate lobe,
and right lobe (RL) of the liver were calculated with a
dedicated liver application. The relationship between
the volume percentage of each area and fibrosis
stage was analyzed using Spearman’s rank correlation
coefficient. A receiver operating characteristic (ROC)
curve analysis was performed to determine the
accuracy of CT volumetry for discriminating fibrosis
stage.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is currently
the most prevalent liver disease worldwide with
[1,2]
a prevalence of 20%-30%
. The spectrum of
NAFLD ranges from simple steatosis to nonalcoholic
steatohepatitis (NASH), which can progress to end[1,3]
stage cirrhosis . It has been reported that advanced
fibrosis or cirrhosis of NAFLD represents a clear
[4]
worsening of prognosis . Monitoring the fibrosis stage
is therefore important in the treatment of NAFLD.
A liver biopsy is considered the reference standard
for the diagnosis of NAFLD, but repeating a liver biopsy
is not desirable because of the risk of complications
[5]
and the costs . A noninvasive tool for the diagnosis
of NAFLD would be clinically useful, and the utility of
magnetic resonance (MR) imaging for detecting the
[6-8]
fibrosis stage in NAFLD has been reported . To the
best of our knowledge, there have been no studies
describing the diagnostic feasibility of computed
tomography (CT) imaging for assessment of the
fibrosis stage of NAFLD.
Generally, the morphology of the liver changes as
the fibrosis stage advances, and its pattern depends
on the primary disease. The morphological change
of the liver as the fibrosis stage advances in other
liver diseases such as chronic viral hepatitis, alcoholic
hepatitis, primary biliary cirrhosis, primary sclerosing
cholangitis and autoimmune hepatitis has been well
[9]
documented , but the morphologic change of the
liver caused by NAFLD is still unclear. Multidetector
CT (MDCT) has been demonstrated to measure liver
volume correctly, and CT volumetry has been used
widely- especially as a method for preoperatively
[10]
assessing the volume of the liver . It would be
clinically useful to be able to use CT volumetry to
elucidate this morphological change and to predict the
fibrosis stage in NAFLD noninvasively.
Our purposes in the present study were thus to
elucidate the morphological change in NAFLD using CT
volumetry and to evaluate the diagnostic performance
of CT volumetry for discriminating the fibrosis stage in

RESULTS
The volume percentages of the caudate lobe and
the LLS significantly increased with the fibrosis stage
(r = 0.815, P < 0.001; and r = 0.465, P = 0.003,
respectively). Contrarily, the volume percentage of
the RL significantly decreased with fibrosis stage (r
= -0.563, P < 0.001). The volume percentage of the
caudate lobe had the best diagnostic accuracy for
staging fibrosis, and the area under the ROC curve
values for discriminating fibrosis stage were as follows:
≥ F1, 0.896; ≥ F2, 0.929; ≥ F3, 0.955; and ≥ F4,
0.923. The best cut-off for advanced fibrosis (F3-F4)
was 4.789%, 85.7% sensitivity and 94.1% specificity.
CONCLUSION
The volume percentage of the caudate lobe calculated
by CT volumetry is a useful diagnostic parameter for
staging fibrosis in NAFLD patients.
Key words: Nonalcoholic fatty liver disease; Computed
tomography volumetry; Fibrosis stage; Nonalcoholic
steatohepatitis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to elucidate
the morphological change in nonalcoholic fatty liver
disease (NAFLD) using computed tomography (CT)
volumetry and to evaluate the diagnostic performance
of CT volumetry for discriminating the fibrosis stage
in NAFLD. The volume percentages of the caudate
lobe calculated by CT volumetry were significantly
increased with the increase in fibrosis stage in NAFLD.
The volume percentage of the caudate lobe is a useful
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Table 1 Computed tomography parameters
CT scanner

4-slice MDCT

No. of patients
Contrast material (mgI/mL)
Contrast material dose
Injection rate
Portal phase delay (s)
Tube voltage (kVp)
Tube current (mAs)
Reconstruction thickenss
(mm)

4
370
100 mL
2.5 mL/s
70
120
300
5

2
300
100 mL
2.5 mL/s
70
120
300
3

64- or 256- or 320- slice MDCT
5
370
600 mgI/kg
20 s1
55
120
300
3

5
370
100 mL
3 mL/s
70
120
Auto
5

2
370
100 mL
2.5 mL/s
70
120
Auto
3

10
370
600 mgI/kg
30 s1
60
120
Auto
1

4
300
100 mL
2.5 mL/s
60
120
Auto
5

6
370
600 mgI/kg
20 s1
70
120
Auto
2

1

Injection at a variable rate with a fixed duration. MDCT: Multidetector CT; CT: Computed tomography.

NAFLD.

iopamidol (Iopamiron; Bayer, Osaka, Japan) by an
automated power injector, and the portal phase was
acquired. The details of the CT protocols are shown in
Table 1. The interval between the preoperative MDCT
study and the biopsy or surgery ranged from 1 to 244
d (mean ± SD, 44.0 ± 56.7 d).

MATERIALS AND METHODS
Patients

Our institutional review board approved this study, and
the requirements for informed consent were waived
due to the retrospective design.
We enrolled 38 patients who underwent contrastenhanced CT and were diagnosed as having NAFLD
based on histological findings from March 2004 to
August 2013 at our institution. All patients had no
alcohol consumption habit and no evidence of a
specific cause for liver disease such as viral hepatitis B
or C, hemochromatosis, or autoimmune or cholestatic
liver disease. Of the 38 patients, 20 were men and 18
were women. The mean age was 50.7 years, ranging
from 20 to 82 years. The mean body mass index
2
2
was 26.6 kg/m , ranging from 20.3 to 36.8 kg/m .
The prevalence of diabetes mellitus was 36.8% (14
patients); that of dyslipidemia was 18.4% (7 patients),
and that of hypertension was 31.6% (12 patients).
Twenty-eight patients were diagnosed as having
NAFLD based on liver biopsy, and the diagnoses of
the other 10 patients were based on a surgically
resected specimen. Of the 10 patients who underwent
surgery, liver resection was performed in three
patients for hepatocellular carcinoma (HCC), and liver
transplantation was performed in seven patients for
decompensated cirrhosis.

Image analysis

Two radiologists (Nishie A and Fujita N, with 21
and 12 years of experience in abdominal imaging,
respectively) who were blinded to the clinical and
pathologic results measured the liver segment volumes
on portal phase images in a consensus fashion. The
portal phase data were transferred to a workstation
(Intellispace Portal 6.0, Philips) and analyzed with a
dedicated liver application (Liver Analysis: Philips).
First, the total liver and vessels (hepatic and portal
venous trees) were segmented automatically. If liver
lesions such as a hepatic cyst, cavernous hemangioma
or HCC were present, the lesions were segmented
semi-automatically and subtracted from the liver
volume. In this study, we subtracted the volume of live
lesions with a diameter < 5 cm.
Second, we calculated the volumes of the total,
the left lateral segment (LLS), the left medial segment
(LMS), the caudate lobe, and the right lobe (RL) of
the liver semi-automatically using the Philips “Liver
Analysis” application by the position of 10 anatomical
landmarks: inferior vena cava, right portal bifurcation,
right hepatic vein, middle hepatic vein, umbilical
fissure, left portal bifurcation, tip left liver, superficial
ligamentum venosum, deep ligamentum venosum,
and superior deep ligamentum venosum. If corrections
were necessary, we corrected the data manually on the
application to achieve a precise final result. We then
determined the volume percentage of the LLS (LLS
volume/total volume), LMS (LMS volume/total volume),
caudate lobe (caudate lobe volume/total volume) and
RL (RL volume/total volume).

CT protocol

Because we used a retrospective design, various types
of CT scanners and different CT protocols had been
used. Dynamic CT studies were performed with a
4-slice (Aquilion: Toshiba Medical Systems, Tokyo: n =
9; or Somatom Plus 4 Volume Zoom: Siemens-Asahi
Medical Technologies, Tokyo: n = 2), 64-slice (Aquilion:
Toshiba Medical Systems: n = 16; or Brilliance 64:
Philips, Cleveland OH, United States: n = 5), 256-slice
(Brilliance iCT: Philips: n = 4) or 320-slice (Aquilion
One: Toshiba Medical Systems: n = 2) MDCT scanner.
Each patient received intravenous nonionic contrast
material containing 300 mgI/mL or 370 mgI/mL
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Histopathologic analysis

All of the liver specimens were reviewed by one
pathologist (Hida T) who was blinded to the patients’
information. The criteria for the fibrosis severity of
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Table 2 Correlation between liver volume and fibrosis stage
Parameter

F0 (n = 11)

F1 (n = 5)

F2 (n = 1)

F3 (n = 9)

F4 (n = 12)

r

P value

Total volume (cm3)
LLS (%)
LMS (%)
Caudate lobe (%)
RL (%)

1252.3 ± 155.1
18.3 ± 1.9
12.6 ± 1.7
3.0 ± 1.2
66.1 ± 2.2

1280.4 ± 240.0
22.1 ± 3.9
12.0 ± 3.7
3.7 ± 0.8
62.1 ± 5.6

1235.8
21.5
16.2
3.2
59.1

1364.5 ± 320.0
25.3 ± 8.8
11.3 ± 2.8
5.3 ± 1.0
58.0 ± 10.4

1030.2 ± 366.1
26.5 ± 8.8
11.1 ± 3.5
9.3 ± 4.1
52.7 ± 10.5

-0.193
0.465
-0.248
0.815
-0.563

NS
0.003
NS
< 0.001
< 0.001

Continuous data are mean ± SD. LLS: Left lateral segment; LMS: Left medial segment; RL: Right lobe.

percentage was assessed by a receiver operating
characteristic curve analysis. We calculated the area
under the curve (Az value) and the optimal cutoff value
for differentiating ≥ F1 from F0, ≥ F2 from ≤ F1, ≥
F3 from ≤ F2, and F4 from ≤ F3. Standard definitions
were used for the calculation of the sensitivity,
specificity, accuracy, positive predictive value and
negative predictive value. JMP 11.0.0 software (SAS
Institute, Cary, NC, United States) was used for the
analyses. P values < 0.05 were considered significant.

Table 3 Receiver operating characteristic analysis of the
diagnostic performance of volume percentage of caudate lobe
for hepatic fibrosis
F0 vs ≥ F1 ≤ F1 vs ≥ F2 ≤ F2 vs ≥ F3 ≤ F3 vs F4
Az value
Cutoff value
Sensitivity
(%)
Specificity (%)
Accuracy (%)
PPV (%)

0.896
3.957
88.9

0.929
4.789
81.8

0.955
4.789
85.7

0.923
5.834
83.3

90.9
89.4
96.0

93.8
86.8
94.7

94.1
89.4
94.7

88.4
86.8
76.9

RESULTS

PPV: Positive predictive value; NPV: Negative predictive value.

Histological findings

Caudate lobe (%)

Of the 38 patients with histological data, the distri
bution of fibrosis stage was as follows: F0 in 28.9%
(11/38), F1 in 13.2% (5/38), F2 in 2.6% (1/38), F3 in
23.7% (9/38), and F4 in 31.6% (12/38).

The liver volume percentage and the fibrosis stage

0

1

2

3

Table 2 provides the correlations between liver
volumes and fibrosis stage. With the increase in the
liver fibrosis stage, the volume percentages of the LLS
and the caudate lobe increased significantly (P = 0.003,
r = 0.465 and P < 0.001, r = 0.815, respectively) and
that of the RL decreased significantly (P < 0.001, r =
-0.563). A strong correlation was observed between
the liver fibrosis stage and the volume percentage of
the caudate lobe (Figure 1). There was no correlation
between fibrosis stage and the total volume or the
volume percentage of the LMS.
Table 3 summarizes the diagnostic performance
of the volume percentage of the caudate lobe for
predicting the fibrosis stage. The volume percentage
of the caudate lobe was the best to discriminate ≥ F3
from ≤ F2, with an Az value of 0.955.
Figures 2-4 present representative patient images.

4

Fibrosis stage

Figure 1 Correlation between volume percentage of caudate lobe and
fibrosis stage. Strong correlation was observed between liver fibrosis stage
and volume percentage of caudate lobe (P < 0.001, r = 0.815).
[11]

NAFLD was based on the classification by Brunt et al ,
and liver fibrosis was staged as follows: stage 0
(F0), no fibrosis; stage 1 (F1), zone 3 perisinusoidal/
pericellular fibrosis; stage 2 (F2), zone 3 perisinusoidal/
pericellular fibrosis with focal or extensive periportal
fibrosis; stage 3 (F3), zone 3 perisinusoidal/pericellular
fibrosis and portal fibrosis with focal or extensive
[11]
bridging fibrosis; stage 4 (F4), liver cirrhosis .

DISCUSSION

Statistical analyses

The major causes of liver fibrosis include hepatitis B
and C, alcohol abuse, primary sclerosing cholangitis,
primary biliary cirrhosis and autoimmune hepatitis.
In such diseases, the morphologic change of the
liver with the advance in fibrosis stage has been well
[9]
reported . However, to the best of our knowledge,
the morphologic change of the liver with the advanced

We analyzed the correlation between the volume
percentage of each region and the fibrosis stage
by Spearman’s rank correlation test. A correlation
was considered strong if the absolute value of the
correlation coefficient (r) was > 0.7, moderate if the
r was 0.4-0.7, weak if the r was 0.2-0.4, and absent
if the r was < 0.2. The diagnostic accuracy of volume
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A

B

Figure 2 A 60-year-old woman with nonalcoholic steatohepatitis, fibrosis stage 4. The total volume of the liver was 1169.4 mL, and the volume percentages of
the left lateral segment, left medial segment, caudate lobe and right lobe were 26.6%, 18.7%, 12.9% and 41.8%, respectively (A). The dotted line shows the caudate
lobe. The biopsy specimen showed liver cirrhosis with regenerative nodules (B).

A

B

Figure 3 A 39-year-old man with nonalcoholic steatohepatitis, fibrosis stage 3. The total volume of the liver was 1805.4 mL, and the volume percentages of the
left lateral segment, left medial segment, caudate lobe and right lobe were 21.3%, 12.3%, 5.6% and 60.8% respectively (A). The dotted line shows the caudate lobe.
The biopsy specimen showed bridging fibrosis (B).

A

B

Figure 4 A 63-year-old woman with nonalcoholic steatohepatitis, fibrosis stage 1. The total volume of the liver was 1190.9 mL, and volume percentages of the
left lateral segment, left medial segment, caudate lobe and right lobe were 21.8%, 13.7%, 4.3% and 60.2%, respectively (A). The dotted line shows the caudate lobe.
The biopsy specimen showed pericellular fibrosis at zone 3 (B).
[9]

stage of NAFLD is still unclear. In the present study, as
the fibrosis stage advanced, the volume percentage of
the LLS and the caudate lobe increased significantly,
and that of the RL decreased significantly in the NAFLD
patients.
Focal hypertrophy of the caudate lobe or LLS
and atrophy of the RL are common findings in liver

WJG|www.wjgnet.com

cirrhosis . However, a strong correlation was observed
between fibrosis stage and the volume percentage of
[12]
the caudate lobe in our study. Ozaki et al
recently
reported that hypertrophy of the caudate lobe pro
gressed more in alcoholism and NASH patients
than in virus-related etiologies in patients with liver
cirrhosis, Child-Pugh Class A. It was also reported
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that enlargement of the caudate lobe was a more
frequent finding in alcoholic cirrhosis than virus-induced
[13]
cirrhosis . Considering our present findings and the
above reports, we suggest that hypertrophy of the
caudate lobe is a characteristic change of NAFLD as
well as alcoholism, despite their distinctly different
clinical histories.
It has been reported that fibrosis in NASH
worsened in 30%-40% and 5%-25% of NASH cases
that advanced to liver cirrhosis over a period of 5-10
[14,15]
years
. Advanced fibrosis (≥ F3) or cirrhosis (F4)
[4]
of NASH represents a clear worsening of prognosis .
Liver biopsy has been considered the reference
standard in the assessment of liver fibrosis in NALFD,
but it is invasive and cannot be repeated frequently.
Several noninvasive imaging methods have thus
been developed to estimate liver fibrosis in NAFLD.
[6]
Kim et al reported that MR elastography was a
useful diagnostic tool for detecting advanced fibrosis
[7]
in NAFLD (≥ F3, Az value = 0.954). Ding et al
reported the usefulness of T1 mapping on Gd-EOBDTPA-enhanced MR imaging. They asserted that both
the T1 relaxation times of the liver parenchyma and
the decreased rate were useful to diagnose advanced
fibrosis in NAFLD (≥ F3, Az value = 0.95 and Az value
= 0.95, respectively).
However, these imaging techniques are not widely
spread and may not be suitable for routine imaging
examinations. The results of our present study
indicate that the volume percentage of the caudate
lobe has a high diagnostic performance for the fibrous
staging of NAFLD (Az value = 0.955). The Az value
that we obtained in this study is equivalent to that of
[6,7]
previous studies using MR imaging . This suggests
that routine CT imaging using a combination of CT
volumetry would be an effective and noninvasive way
to diagnose hepatic fibrosis in NAFLD.
CT volumetry is now widely used for the pre
[10]
operative volumetric assessment of the liver .
Traditionally, CT volumetry is performed by manually
tracing the liver and by the summation of the liver
volume in axial sections. However, such manual
methods are operator-dependent and require a
significant amount of time and attention. Automated
and semi-automated versions of CT volumetry have
been proposed, but automatic CT volumetry may
tend to fail for CT images that are low-contrast and
have missing edges due to similar intensities of
adjacent organs. In the present study, we used a
semi-automated CT volumetry method that provides
more flexibility than an automated method. Indeed,
[16]
Gotra et al reported that a semi-automated method
substantially shortened the interaction time while
preserving high repeatability and agreement with
manual volumetry.
Our study has some limitations. First, our population
of 38 patients was small, and the number of cases with
each degree of fibrosis was not uniform. Second, we
diagnosed the fibrosis stage of NALFD based on a liver
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biopsy in 28 of the 38 patients. Assessments of liver
biopsy results can have high inter- and intraobserver
[17]
variability , and the reproducibility of the histological
ﬁbrosis staging could not be examined in this study.
Third, we used a retrospective design, and various
types of CT scanners and different CT protocols were
used.
In conclusion, the volume percentages of the LLS
and the caudate lobe calculated by CT volumetry
were significantly increased and that of the RL was
significantly decreased with the increase in fibrosis
stage in NAFLD. The volume percentage of the caudate
lobe is a useful diagnostic parameter for staging
fibrosis in patients with NAFLD. The evaluation of liver
volume using CT volumetry is useful for predicting the
fibrosis stage in NAFLD.

ACKNOWLEDGMENTS
We thank Dr. Yoshihiko Maehara, Department of
Surgery and Science, Kyushu University, for providing
the clinical information for this manuscript.

COMMENTS
COMMENTS
Background

Nonalcoholic fatty liver disease (NAFLD) is currently the most prevalent liver
disease worldwide. Advanced fibrosis or cirrhosis of NAFLD represents a
clear worsening of prognosis. Monitoring the fibrosis stage is important in the
treatment of NAFLD. The morphological change of the liver as the fibrosis
stage advances in NAFLD is still unclear. In this study, we elucidated the
morphological change in NAFLD using computed tomography (CT) volumetry
and evaluated the diagnostic performance of CT volumetry for discriminating
the fibrosis stage in NAFLD.

Research frontiers

CT volumetry has been used as a method for assessing the volume of the liver.
The results of this study contribute to clarifying the diagnostic potential of CT
volumetry for the fibrosis stage in NAFLD.

Innovations and breakthroughs

These results indicate that the volume percentage of the caudate lobe has a
high diagnostic performance for the fibrous staging of NAFLD (≥ F3 from ≤
F2, Az value = 0.955).

Applications

This study suggests that the evaluation of liver volume using CT volumetry is
useful for predicting the fibrosis stage in NAFLD.

Terminology

CT volumetry: A method that enables assessment the volume of the liver.

Peer-review

Recommend of the manuscript is to be accepted, despite several limitations of
the study that you already mentioned on the DISCUSSION section.

REFERENCES
1
2

8954

Adams LA, Lindor KD. Nonalcoholic fatty liver disease. Ann
Epidemiol 2007; 17: 863-869 [PMID: 17728149 DOI: 10.1016/
j.annepidem.2007.05.013]
Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton
JD, Cohen JC, Grundy SM, Hobbs HH. Prevalence of hepatic

October 28, 2016|Volume 22|Issue 40|

Fujita N et al . CT volumetry of NAFLD

3
4

5
6

7

8

9

10

steatosis in an urban population in the United States: impact of
ethnicity. Hepatology 2004; 40: 1387-1395 [PMID: 15565570
DOI: 10.1002/hep.20466]
Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 2002;
346: 1221-1231 [PMID: 11961152 DOI: 10.1056/NEJMra011775]
Sanyal AJ, Banas C, Sargeant C, Luketic VA, Sterling RK, Stravitz
RT, Shiffman ML, Heuman D, Coterrell A, Fisher RA, Contos MJ,
Mills AS. Similarities and differences in outcomes of cirrhosis due
to nonalcoholic steatohepatitis and hepatitis C. Hepatology 2006;
43: 682-689 [PMID: 16502396 DOI: 10.1002/hep.21103]
Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med 2001; 344:
495-500 [PMID: 11172192 DOI: 10.1056/nejm200102153440706]
Kim D, Kim WR, Talwalkar JA, Kim HJ, Ehman RL. Advanced
fibrosis in nonalcoholic fatty liver disease: noninvasive assessment
with MR elastography. Radiology 2013; 268: 411-419 [PMID:
23564711 DOI: 10.1148/radiol.13121193]
Ding Y, Rao SX, Meng T, Chen C, Li R, Zeng MS. Usefulness
of T1 mapping on Gd-EOB-DTPA-enhanced MR imaging in
assessment of non-alcoholic fatty liver disease. Eur Radiol 2014;
24: 959-966 [PMID: 24463697 DOI: 10.1007/s00330-014-3096-y]
Wu Z, Matsui O, Kitao A, Kozaka K, Koda W, Kobayashi S, Ryu
Y, Minami T, Sanada J, Gabata T. Usefulness of Gd-EOB-DTPAenhanced MR imaging in the evaluation of simple steatosis and
nonalcoholic steatohepatitis. J Magn Reson Imaging 2013; 37:
1137-1143 [PMID: 23172731 DOI: 10.1002/jmri.23921]
Dodd GD, Baron RL, Oliver JH, Federle MP. Spectrum of imaging
findings of the liver in end-stage cirrhosis: part I, gross morphology
and diffuse abnormalities. AJR Am J Roentgenol 1999; 173:
1031-1036 [PMID: 10511173 DOI: 10.2214/ajr.173.4.10511173]
Lim MC, Tan CH, Cai J, Zheng J, Kow AW. CT volumetry of the
liver: where does it stand in clinical practice? Clin Radiol 2014;

11

12

13

14

15

16

17

69: 887-895 [PMID: 24824973 DOI: 10.1016/j.crad.2013.12.021]
Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA,
Bacon BR. Nonalcoholic steatohepatitis: a proposal for grading
and staging the histological lesions. Am J Gastroenterol 1999; 94:
2467-2474 [PMID: 10484010 DOI: 10.1111/j.1572-0241.1999.01377.x]
Ozaki K, Matsui O, Kobayashi S, Minami T, Kitao A, Gabata T.
Morphometric changes in liver cirrhosis: aetiological differences
correlated with progression. Br J Radiol 2016; 89: 20150896
[PMID: 26765832 DOI: 10.1259/bjr.20150896]
Okazaki H, Ito K, Fujita T, Koike S, Takano K, Matsunaga N.
Discrimination of alcoholic from virus-induced cirrhosis on MR
imaging. AJR Am J Roentgenol 2000; 175: 1677-1681 [PMID:
11090403 DOI: 10.2214/ajr.175.6.1751677]
Ekstedt M, Franzén LE, Mathiesen UL, Thorelius L, Holmqvist
M, Bodemar G, Kechagias S. Long-term follow-up of patients
with NAFLD and elevated liver enzymes. Hepatology 2006; 44:
865-873 [PMID: 17006923 DOI: 10.1002/hep.21327]
Adams LA, Sanderson S, Lindor KD, Angulo P. The histological
course of nonalcoholic fatty liver disease: a longitudinal study of
103 patients with sequential liver biopsies. J Hepatol 2005; 42:
132-138 [PMID: 15629518 DOI: 10.1016/j.jhep.2004.09.012]
Gotra A, Chartrand G, Massicotte-Tisluck K, Morin-Roy F,
Vandenbroucke-Menu F, de Guise JA, Tang A. Validation of a
semiautomated liver segmentation method using CT for accurate
volumetry. Acad Radiol 2015; 22: 1088-1098 [PMID: 25907454
DOI: 10.1016/j.acra.2015.03.010]
Regev A, Berho M, Jeffers LJ, Milikowski C, Molina EG,
Pyrsopoulos NT, Feng ZZ, Reddy KR, Schiff ER. Sampling error
and intraobserver variation in liver biopsy in patients with chronic
HCV infection. Am J Gastroenterol 2002; 97: 2614-2618 [PMID:
12385448 DOI: 10.1111/j.1572-0241.2002.06038.x]
P- Reviewer: Souftas VD S- Editor: Yu J L- Editor: A
E- Editor: Zhang FF

WJG|www.wjgnet.com

8955

October 28, 2016|Volume 22|Issue 40|

World J Gastroenterol 2016 October 28; 22(40): 8956-8966
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.i40.8956

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Neuroendocrine neoplasms of liver - A 5-year retrospective
clinico-pathological study applying World Health
Organization 2010 classification
Deepak Kalyansingh Burad, Thomas Alex Kodiatte, Sayd Mohamed Rajeeb, Ashish Goel, Chundamannil
Eapen Eapen, Banumathi Ramakrishna
Manuscript source: Invited manuscript

Deepak Kalyansingh Burad, Thomas Alex Kodiatte,
Banumathi Ramakrishna, Department of Pathology, Christian
Medical College, Vellore 632004, Tamil Nadu, India

Correspondence to: Banumathi Ramakrishna, MD, MAMS,
Former Professor and Head, Department of Pathology,
Christian Medical College, Vellore 632004, Tamil Nadu,
India. banu_ramakrishna@hotmail.com
Telephone: +91-416-2282005
Fax: +91-416-2232035

Sayd Mohamed Rajeeb, Ashish Goel, Chundamannil Eapen
Eapen, Department of Hepatology, Christian Medical College,
Vellore 632004, Tamil Nadu, India
Author contributions: Burad DK contributed to data collection,
data analysis and wrote the paper; Kodiatte TA contributed to
data analysis and references; Rajeeb SM contributed to clinical
data collection and analysis; Goel A analysed the clinical data
and wrote the clinical part; Eapen CE provided clinical advice;
Ramakrishna B designed and supervised the study, and wrote the
paper.

Received: June 15, 2016
Peer-review started: June 17, 2016
First decision: July 12, 2016
Revised: July 29, 2016
Accepted: August 23, 2016
Article in press: August 23, 2016
Published online: October 28, 2016

Institutional review board statement: This study was
approved by Institutional review board of Christian Medical
College, Vellore, India.

Abstract

Informed consent statement: This study is exempt from
informed consent, since it is a retrospective study and the data
collection and analysis were carried out without disclosing
patient’s identity.

AIM
To study the clinicopathological characteristics of
neuroendocrine neoplasms (NEN) on liver samples and
apply World Health Organization (WHO) 2010 grading
of gastroenteropancreatic (GEP) NEN.

Conflict-of-interest statement: All the authors declare that
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conflicting interests related to the submitted manuscript.

METHODS
Clinicopathological features of 79 cases of NEN of the
liver diagnosed between January 2011 to December
2015 were analyzed. WHO 2010 classification of GEP
NEN was applied and the tumors were graded as G1,
G2 or G3. Two more categories, D1/2 (discordant 1/2)
and D2/3 (discordant 2/3) were also applied. The D1/2
grade tumors had a mitotic count of G1 and Ki-67 index
of G2. The D2/3 tumors had a mitotic count of G2 and
Ki-67 index of G3. The follow up details which were
available till the end of the study period (December
2015) were collected.
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RESULTS
Of the 79 tumors, 16 each were G1 and G2, and 18
were G3 tumors. Of the remaining 29 tumors, 13
were assigned to D1/2 and 16 were D2/3 grade. Male
preponderance was noted in all tumors except for G2
neoplasms, which showed a slight female predilection.
The median age at presentation was 47 years (range
10-82 years). The most common presentation was
abdominal pain (81%). Pancreas (49%) was the most
common site of primary followed by gastrointestinal
tract (24.4%) and lungs (18%). Radiologically, 87%
of the patients had multiple liver lesions. Histopa
thologically, necrosis was seen in only D2/3 and G3
tumors. Microvascular invasion was seen in all grades.
Metastasis occurred in all grades of primary NEN
and the grades of the metastatic tumors and their
corresponding primary tumors were similar in 67%
of the cases. Of the 79 patients, 36 had at least one
follow up visit with a median duration of follow up of
8.5 mo (range: 1-50 mo). This study did not show any
impact of the grade of tumor on the short term clinical
outcome of these patients.

org/10.3748/wjg.v22.i40.8956

INTRODUCTION
Neuroendocrine neoplasms (NEN) are tumors arising
from the neuroendocrine cells which are distributed
[1,2]
throughout the body . They commonly originate from
gastrointestinal tract, lungs and pancreas and rarely
from other sites such as gall bladder, thymus, testes and
[3-6]
ovaries . NEN are the second most common tumors
[7,8]
to metastasize to liver after adenocarcinomas . NEN
in the liver are usually metastatic and primary tumors
[9-13]
are rare
. Liver is the second most common site
[5]
of metastatic NEN following lymph nodes . Amongst
the metastatic NEN in liver, those originating from
gastroenteropancreatic (GEP) region are more common
[14]
due to spread via the portal vein .
The GEP NEN have been classified by the World
[15]
Health Organization (WHO) 2010
into 3 (G1-G3)
grades based on mitotic activity and Ki-67/MIB-1
proliferation index. These are G1: mitotic count < 2/10
high power fields (hpf) and/or Ki-67 index ≤ 2%, G2:
mitotic count 2-20/10 hpf and/or Ki-67 index 3%-20%
and G3: mitotic count > 20/10 hpf and/or Ki-67 index
> 20%. If the mitotic count or Ki-67 proliferation
index points to different grades, a higher grade has to
[15,16]
be given
. Some studies have shown discordance
[17,18]
between mitotic count and Ki-67 index
in some
cases. They have shown that the grade discordant
tumors with mitotic count of G1 and Ki-67 index of G2
[17,18]
behave worse than grade concordant tumors
.
Targeted biopsy of the liver lesion is often required
to confirm the diagnosis of neuroendocrine neoplasm,
as often the primary may not be identified.
Utility of WHO 2010 grading of NEN in liver biopsies
has not been carried out and hence, we undertook this
study to pathologically characterize these cases and to
correlate with clinical findings.

CONCLUSION
Liver biopsy is an important tool for clinicopathological
characterization and grading of NEN, especially when
the primary is not identified. Eighty-seven percent of
the patients had multifocal liver lesions irrespective of
the WHO grade, indicating a higher stage of disease
at presentation. Follow up duration was inadequate
to derive any meaningful conclusion on long term
outcome in our study patients.
Key words: Liver; Neuroendocrine neoplasms; Ki-67;
Gastroenteropancreatic neuroendocrine neoplasms;
Metastasis; Microvascular invasion
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Neuroendocrine neoplasms (NEN) in liver are
commonly metastatic. The clinicopathological features
of NEN diagnosed on liver samples were analyzed and
graded applying World Health Organization (WHO)
2010 classification of gastroenteropancreatic NEN. A
marked male preponderance was noted in all WHO
grades except for G2 tumors, wherein a slight female
predilection was seen. Necrosis was noted only in
higher grade tumors. Most patients had multifocal liver
lesions favoring metastasis and higher stage of disease
at presentation. Follow up duration was inadequate
to derive any meaningful conclusion on long term
outcome in our study patients.

MATERIALS AND METHODS
This study included all cases of NEN involving the
liver diagnosed in the Department of Pathology, from
January 2011 to December 2015. The data was
collected from Pathology online data base. A total of
82 cases were available. Of the 82 cases, 3 had only
cytology smears without cell block material and hence
were excluded from the study. The remaining 79 cases
included liver biopsies (59), resection specimens (5),
cytology smears with cell block (5) and referred slides
and blocks (10). Of the 59 liver biopsies, 58 were
ultrasound (US) guided and, 1 was a per-operative
wedge biopsy sample. Of the 5 resection specimens,
3 were localized segmentectomy specimens and
the remaining 2 were left lateral segmentectomies.
All the 5 cytology cases were US guided. Of the 10
cases of referred slides and blocks, 6 were US guided

Burad DK, Kodiatte TA, Rajeeb SM, Goel A, Eapen CE,
Ramakrishna B. Neuroendocrine neoplasms of liver - A 5-year
retrospective clinico-pathological study applying World Health
Organization 2010 classification. World J Gastroenterol 2016;
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median, range) from their first symptoms to their final
diagnosis at hospital. The most common presentation
was abdominal pain (81%) followed by loss of weight
and appetite (41%), altered bowel habits (14%) and
mass per abdomen (9%). In 9% of the patients, the
tumor was incidentally detected.
A clinical diagnosis of malignancy was given in 77%
of the patients.
In 18 patients, the primary site was identified by
biopsy and in another 27 patients, a probable primary
lesion was identified on radiological examination alone.
In both the groups, the most common primary site
was pancreas (Table 1). In the remaining 34 patients,
a definite primary site could not be identified.
In this study we encountered three interesting
cases. The first case was a 46 year old male presented
with 2 years duration of pain in right hip and lower
limbs, acromegaly and erectile dysfunction in 2009.
Based on radiological, serological and pathological
examination, he was diagnosed with multiple endocrine
neoplasia type 1 with pituitary macroadenoma,
insulinoma, gastrinoma, bilateral inferior parathyroid
adenomas, primary hyperparathyroidism, thymic
carcinoid and adrenal adenoma. In 2012, computed
tomography (CT) of the abdomen revealed a 2.5-cm
lesion in segment 3 of liver along with multiple
pancreatic lesions. The patient underwent a distal
pancreatectomy with splenectomy and resection of
segment 3 of liver in 2014, which on pathological
examination confirmed neuroendocrine neoplasm of
WHO grade 2, in both pancreas and in liver. The tumor
was multifocal in pancreas.
The second case was a 22 year old male presented
with left flank pain of 2 mo duration in 2013. CT scan
showed a 10-cm lobulated mass in the left kidney and
a diagnosis of renal cell carcinoma was suspected.
Patient underwent left nephrectomy and histologically,
diagnosed as large cell neuroendocrine carcinoma. On
follow-up, 2 years later, patient was detected to have
multiple hypodense lesions in the liver, in segments 6,
4a, and 2, and the largest measured 1.7 cm. An US
guided biopsy confirmed metastatic neuroendocrine
neoplasm, WHO grade 2.
The third case was a 40 year old female who
presented with jaundice, loss of weight and appetite,
lower limb weakness and abdominal distension
of 2 years duration. She was recently detected to
have hypertension. Blood investigations revealed
hypokalemia, hypomagnesaemia and elevated serum
adrenocorticotropic hormone (ACTH) and cortisol
levels. In view of the above findings, she was dia
gnosed with ACTH dependent Cushing syndrome.
CT scan revealed multiple liver lesions in both lobes,
largest measuring 2.8 cm. An US guided biopsy of liver
lesion was diagnosed as neuroendocrine neoplasm,
WHO grade 2.

Table 1 Distribution of known primary sites n (%)
Site of primary
Pancreas
Lung
Duodenum
Rectum
Ileum
Esophagus
Cecum
Gall bladder
Anterior mediastinum
Kidney

Biopsy proven Lesion-on radiology
(n = 18)
(n = 27)
6
4
1
2
2
1
1
1

16
4
3
1
1
1
1
-

Total
22 (49.0)
8 (18.0)
4 (8.8)
3 (6.6)
2 (4.4)
1 (2.2)
1 (2.2)
2 (4.4)
1 (2.2)
1 (2.2)

biopsies, 2 were per-operative wedge biopsies and the
remaining 2 were resections.
One resection (left lateral segmentectomy) case
included in this study was from a 40 year old lady
diagnosed with neuroendocrine neoplasm by biopsy
in 2009, who received 6 cycles of chemotherapy and
metaiodobenzylguanidine (MIBG) ablation prior to
resection.
The histopathological features and immunohis
tochemistry details in 79 cases were analyzed. Based
on WHO 2010 classification of GEP NEN, all cases were
graded as G1, G2 or G3. In this study, we assigned 2
more categories which included D1/2 (discordant 1/2)
and D2/3 (discordant 2/3). The D1/2 grade tumors
had a mitotic count of G1 and Ki-67 index of G2. The
D2/3 tumor had a mitotic count of G2 and Ki-67 index
of G3. We did not have any cases wherein the mitotic
count was of a higher grade and Ki-67 index of a lower
grade.
The relevant clinical and radiological findings and
the follow up details which were available till the end of
the study period (December 2015) were collected.
Continuous data was described as number, mean,
median, minimum and maximum; and categorical data
was described as number with percentage. Categorical
data was compared with chi-square test. A two sided p
value of < 0.05 was considered statistically significant.
All statistical analyses were done using SPSS software
version 17.0.
This study was approved by Institutional Review
Board.

RESULTS
Of the 79 patients, 71 were of Indian origin, 7 from
Bangladesh and 1 from Srilanka. Overall, there was
a male preponderance (male:female = 53:26) in this
study. G2 tumors showed a slight female predilection
(M:F = 7:9) as compared to the other grades (M:F =
46:17).
The median age at presentation was 47 years
(range 10-82 years). Fifty-six percent of the cases
th
th
were seen between 5 to 6 decade.
The study patients had a delay of 3 mo (0-24 mo;
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nuclei with uniformly dispersed coarse chromatin and
inconspicuous mitotic activity (Figure 3A).
The high grade tumors (G3, D2/3) showed nests
and sheets of medium sized polygonal cells with
mild to moderately pleomorphic nuclei with finely
dispersed chromatin and scant to moderate amounts
of eosinophilic cytoplasm. There was increased mitotic
and apoptotic activity (Figures 2E and 3C).
Six cases had morphology consistent with small
cell carcinoma with sheets and nests of polygonal cells
displaying moderate nuclear pleomorphism, moulding,
overlapping and increased mitotic and apoptotic
activity.
The post chemotherapy and MIBG ablation re
section specimen showed presence of occasional
peritumoral non necrotizing epithelioid cell granulomas,
probably reactive. Special stains for acid fast bacilli and
fungal organisms were negative. None of the other 78
cases showed granulomas.
There was one interesting case of a 63 year old
female with multiple liver nodules who underwent
an US guided liver biopsy. Histologically, the tumor
was composed of sheets and closely packed clusters
of polygonal cells with eccentrically placed mild to
moderately pleomorphic nuclei and abundant amounts
of pale eosinophilic cytoplasm, resembling signet
ring cells (Figure 4A). Occasional cells contained
intracytoplasmic mucin droplets (Figure 4B). This
case was diagnosed as signet ring cell neuroendocrine
neoplasm.
Necrosis was identified in 12 cases and all were
biopsies. Six of these were D2/3 grade and the
remaining 6 were G3 grade. In 9 cases, it was present
in small foci, while the remaining 3 showed extensive
areas of necrosis (1 was G3 and 2 were D2/3). There
was no necrosis in any of the resection cases except
in the post chemotherapy case which showed necrosis
and hyalinization, amounting to 20% of the entire
tumor volume. However, there was no necrosis in the
initial pre chemotherapy biopsy.
Microvascular invasion (MVI) was seen in 17 cases
(4 resection cases and 13 biopsies). Of these 17 cases,
3 were G1, 4 G2, 6 G3 and 4 D2/3 grade tumors. In
all the cases, tumor emboli were present in thin walled
vascular channels and/or within sinusoids.
MVI was seen more frequently in high grade (G3
and D2/3) tumors (59%) when compared to low
grade (G1 and G2) tumors (41%). However, it was not
statistically significant. As most of these cases were
biopsies, this increased frequency is most probably a
chance finding.
We also looked at the presence of MVI in the 18
proven primary cases (12 resection, 4 biopsies and 2
cytology with cell block material). MVI was seen in 10
of 12 resection cases and none of the biopsied cases.
Status of nodal disease was also noted. Of the 79
patients, 7 had biopsy proven nodal metastasis and
35 had significant nodes on radiological examination.
The remaining 37 patients did not have any significant

Figure 1 Liver with a fairly circumscribed tumor with a firm grey white cut
surface.

69 cases (87%), the patients had multiple liver lesions
(1.8 cm to 15.9 cm in maximum dimension) involving
both the left and the right lobes. Remaining 10
patients (13%) had a single lesion (2.7 cm to 12.5 cm
in maximum dimension), 4 of which were in the left
lobe and 6 in the right lobe. A radiological diagnosis
of metastases was made in 66 (83.5%) cases,
hepatocellular carcinoma in 5 (6.3%), hemangioma
in 1 (1.3%) and non-neoplastic etiology in 7 (8.9%),
which includes 4 cases diagnosed as abscess.

Pathological findings

Of the seven liver resections in our study, five were
available for gross examination and the remaining
two were slides and blocks. Of the five, 3 were
segmental resection specimens of segment 3, 6 and
8 respectively and the remaining 2 were left lateral
segmentectomies. All resection specimens except one
left lateral segmentectomy specimen had a single
tumor nodule, ranging in size from 2.5 cm to 7.5 cm
with a firm grey white to yellow cut surface (Figure 1).
Focal area of hemorrhage was seen in one case. There
was no evidence of necrosis or gross vascular invasion.
The surrounding liver parenchyma was normal.
One left lateral segmentectomy specimen following
chemotherapy showed 2 tumor nodules, measuring
6.5 cm and 0.7 cm respectively. The cut surface of the
tumor was firm grey white with focal areas of necrosis
amounting to approximately 20% of the total tumor
volume. There was no gross vascular invasion. The
surrounding liver parenchyma was normal.
Based on WHO 2010 grading of the 79 tumors, 16
each were G1 and G2 and 18 were G3 tumors. Of the
remaining 29 tumors, 13 were assigned to D1/2 grade
and 16 were assigned D2/3 grade.
Histologically, the low grade tumors (G1, G2,
D1/2) had a classical pattern of arrangement including
nests, trabeculae, cords, ribbons, festoons, sheets,
gyriform, pseudopapillary and acinar patterns (Figure
2A and C). The cells were round to polygonal with
moderate to abundant amounts of eosinophilic
granular cytoplasm and uniform to mildly pleomorphic

WJG|www.wjgnet.com

8959

October 28, 2016|Volume 22|Issue 40|

Burad DK et al . Neuroendocrine neoplasms of liver

A

B

C

D

E

F

G

H

Figure 2 G1-G3 neuroendocrine neoplasms. A: G1 - tumor with trabecular and nested pattern (H&E × 200); B: Tumor cells displaying Ki-67 index of < 1%
(immunohistochemistry × 200); C: G2 - tumor with gyriform and festooning patterns and the tumor cells display mildly pleomorphic nuclei with coarse stippled
chromatin (H&E × 200); D: Tumor cells displaying Ki-67 index of approximately 16% (immunohistochemistry × 200); E: G3 - tumor cells with pleomorphic and
hyperchromatic nuclei displaying brisk mitotic (arrow) and apoptotic activity and focal necrosis (arrow head) (H&E × 200); F: Tumor cells displaying Ki-67 index of
approximately 80% (immunohistochemistry × 200); G: Tumor cells displaying diffuse cytoplasmic positivity for synaptophysin (immunohistochemistry × 200); H: Tumor
cells displaying diffuse cytoplasmic positivity for chromogranin (immunohistochemistry × 200).
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A

B

C

D

Figure 3 D1/D2 and D2/D3 neuroendocrine neoplasms. A: D1/2 - liver biopsy showing clusters of tumor cells with uniform nuclei and no conspicuous mitotic
activity (H&E × 200); B: Tumor cells displaying Ki-67 index of approximately 5% (immunohistochemistry × 200); C: D2/D3 shows tumor cells arranged in trabeculae
and focal acinar pattern with mildly pleomorphic nuclei (H&E × 200); D: Tumor cells displaying Ki-67 index of approximately 30% (immunohistochemistry × 200).

A

B

C

D

Figure 4 Signet ring cell neuroendocrine neoplasm, G2. A: Tumor cells arranged in sheets and composed of polygonal cells with abundant clear to vacuolated
cytoplasm and eccentrically placed uniform nuclei (H&E × 200); B: Occasional tumor cells containing pale staining cytoplasmic mucin (arrows) (PAS-D × 200); C:
Tumor cells displaying diffuse cytoplasmic positivity for synaptophysin (immunohistochemistry × 200); D: Tumor cells displaying diffuse cytoplasmic positivity for
chromogranin (immunohistochemistry × 200).
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A

B

Figure 5 Adrenocorticotropic hormone producing neuroendocrine neoplasm, G2. A - Tumor cells arranged in nests and islands. (H&E × 200); B: Occasional
tumor cells displaying cytoplasmic positivity for adrenocorticotropic hormone (immunohistochemistry × 200).
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40

Mitoses/10 hpf

Pancytokeratin immunostaining done in 34 cases
with high grade (G3:18, D2/3:16) neoplasms, showed
positive staining in all except two cases with G3 tumor.
Immunostaining for thyroid transcription factor
(TTF-1) was carried out in 9 cases. Six of these had
morphology of small cell carcinoma and the remaining
three had a lung lesion on radiology. Five out of 6
cases of small cell carcinoma type were TTF1 positive
and 2 of these cases had a lung mass indicating a lung
primary. One of the 3 cases with radiologically detected
lesion in the lung was TTF1 positive.
The patient with signet ring cell NEN showed the
tumor cells to be positive for CK7, synaptophysin
(Figure 4C) and chromogranin (Figure 4D) and negative
for CK20 and CDX2. Ki-67 proliferation index was
15%.
The patient with Cushing’s syndrome showed
neuroendocrine neoplasm with patchy cytoplasmic
positivity within tumor cells for ACTH on immunohistochemistry (Figure 5A and B).
Ki-67 proliferation index in various grades of
tumors are shown in Figures 2B, 2D, 2F, 3B and 3D.
The medians of mitotic and Ki-67 proliferation indices
are shown as box plots (Figure 6A and B). We did not
have any cases, wherein mitotic count was of higher
grade and Ki-67 index was of lower grade.
We also compared the WHO grading of tumors
metastatic to liver with their biopsy proven 18 primary
tumors (Figure 7). The grades of the metastatic
tumors and the corresponding primary tumors were
similar in 12 /18 cases (67%), lower in 5/18 (28%)
and higher in 1/18 (5%) cases.
We noticed that metastasis can occur in NEN
irrespective of whether the tumor is a low grade or
high grade.
Comparison of G1 tumors (16 cases) with discordant
D1/2 tumors (13 cases) revealed slightly lower median
age at presentation in (47 years vs 52 years) and
presence of MVI (19% vs 0%) in the former. However,
there was no difference in sex distribution between the
two groups.
Comparison of G2 tumors (16 cases) with discordant
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Figure 6 Correlation between the mitotic index and Ki67 index and the
World Health Organization grading in liver neuroendocrine neoplasms. A:
Box-plot showing the median, interquartile range and range of the mitotic index
for each World Health Organization (WHO) grade of tumor; B: Box-plot showing
the median, interquartile range and range of the Ki67 index for each WHO
grade of tumor.

lymph node enlargement.

Immunohistochemistry

Immunostaining for two markers - synaptophysin
and chromogranin were carried out in all 79 cases.
Synaptophysin (Figure 2G) was positive in 77 and
chromogranin (Figure 2H) in 75 cases, respectively.
In all 6 cases which were negative for either
synaptophysin or chromogranin, CD 56 was found to
be positive.
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G1-P

G2-P

G3-P

8

Number of tumors

7
6
5
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3
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0

G1-M

G2-M

G3-M

Grade of metastatic tumor

Figure 7 Shown here are tumor pairs in which the World Health Organization grade of the primary and metastatic tumors could be compared. G1-P, G2-P
and G3-P refer to the World Health Organization (WHO) grade of the primary tumor, while G1-M, G2-M and G3-M refer to WHO grade of the metastatic tumor.

D1/2 tumors (13 cases) also revealed slightly lower
median age at presentation (47 years vs 52 years),
presence of MVI (25% vs 0%) and female predilection
(56% vs 23%) in the former. Necrosis was not seen in
any case in both grades.
Comparison of discordant D2/3 tumors (16 cases)
with G2 tumors (16 cases) showed a slightly higher
median age of presentation (51 years vs 47 years),
male predilection (75% vs 44%) and presence of
necrosis (25% vs 0%) in the former. MVI was seen in
25% of cases in both grades.
There was no statistically significant difference in
any of these features between various groups.
Comparison of concordant G3 tumors (18 cases)
with discordant D2/3 tumors showed no difference in
age of presentation, sex distribution or presence of
necrosis or MVI.

patients suffered recurrence (median duration: 32 mo,
range: 13-33 mo). Two patients (Grade 1:1, Grade
D1/D2:1) showed continuous downhill course. Rest 29
followed patients (Grade 1:6, Grade D1/D2:5, Grade
2:5, Grade D2/D3:9, Grade 3:4) remained stable till
the last follow up. One patient died (Grade D2/D3)
within 10 d after the diagnosis.

DISCUSSION
To the best of our knowledge, this is the largest
study describing detailed histological findings and
relevant clinical data of 79 patients with hepatic NEN,
metastatic in most cases.
Metastases from NEN are much more common than
[9-13]
primary NEN in liver
. In a study of 393 digestive
neuroendocrine tumors, only 5% had a primary neuro
[19]
endocrine neoplasm in liver . In a study of 13715
neuroendocrine tumors, liver was the second most
[5]
common site of metastasis after lymph nodes .
In our study, pancreas was the most common site
of primary tumor metastasizing to liver accounting for
49% of the cases followed by GIT (24.4%) and lungs
(18%). Other studies have also reported that pancreas
to be the most common primary site followed by
rectum, stomach and ileum amongst the GEP NEN
[20-22]
[23]
metastasizing to liver
. Begum et al have shown
that in their study of 2009 cases of GEP NEN, pancreas
was the most common site accounting for 34.2% of
cases followed by midgut (5.8%), gastric (6.5%),
[24]
colon (6.9%) and duodenum (4.8%). Dromain et al
have shown that small bowel as the common primary
site in their study (43%) followed by pancreas (25%),
lung (15%), colon (5%), thymus (2%) and unknown
primary (10%).
In our study 69 (87%) patients had multiple liver
lesions involving both lobes of liver, which is similar to
[25]
the study done by Niederle et al where multiple liver
lesions were seen in 92% of their cases.
It has been shown that the primary hepatic NEN
to be predominantly a single lesion when compared

Treatment and follow-up

Forty (51%) of the 79 study patients were offered
specific mode(s) of therapy - 9 (11.4%) underwent
surgical resection which were either only liver resection
(3 cases), both liver and primary tumor resection (2
cases; one with right hemicolectomy and the other
with distal pancreatectomy) or only primary tumor
resection (4 cases; 2 distal pancreatectomies, 1 lung
resection and 1 subtotal gastrectomy). Thirty-three
(43%) had chemotherapy and 7 (9%) had therapeutic
131l-MIBG therapy. 3 patients received a combination
of chemotherapy and MIBG therapy, 4 patients
underwent surgery in combination with chemotherapy
and 1 patient received all three. Only 12 patients (Grade
1:4, Grade 2:4, Grade D2/D3:2, Grade 3:2) were
deemed as cured after the initial therapy. There was
no association of grade of disease and curative intent/
achievement.
Of the 79 study patients, 36 patients had at least
one follow up visit after diagnosis of neuroendocrine
neoplasm. The median duration of follow up was 8.5
mo (range: 1-50 mo). During the follow up, five (Grade
3:2, Grade 2:2, Grade D1/D2:1) of the initial 12 cured
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[26]

to metastatic NEN . In our study, a single lesion was
identified in 10/79 cases (13%), of which a biopsy
proven primary was confirmed in 7 cases and probable
primary was identified by radiology in 2 and in one
case, no primary was detected.
In our study, males were twice more commonly
affected than females. Male predilection has been
shown in both metastatic and primary neuroendocrine
[26]
[22]
tumors by Shen et al and Shin et al in their studies.
However, some studies have reported almost similar
[2,5,17,20,27-29]
incidence in males and females
. The median
age at diagnosis was 47 years in this study which was
slightly lower compared to other studies, which have
[2,5,20,23,26]
reported from 55-62 years
.
The most common presentation was abdominal
pain (81%). A similar finding was reported by Chan
[20]
et al in their study on 126 GEP NEN.
Three interesting cases were encountered in this
study. One case was a primary renal neuroendocrine
[30,31]
carcinoma which is very rare
and the patient
developed liver metastasis 2 years after nephrectomy.
Another case was signet ring cell neuroendocrine
neoplasm which is also very rare and is characterized by
the presence of cytoplasmic vacuoles that are negative
[32-34]
for mucin stain and positive for cytokeratin
.
The third case was a 40 year old female who was
diagnosed with ACTH dependent Cushing syndrome
with a concomitant neuroendocrine neoplasm, diag
nosed on liver biopsy. Ectopic secretion of ACTH by NEN
[6,35]
of liver is extremely rare and has been described
.
In our study, necrosis was identified only in high
grade tumors, either G3 or D2/3. However, McCall
[18]
et al have shown in their study of 297 G1 and G2
pancreatic NEN, necrosis in both grades, but the
frequency was higher in G2 as compared to G1.
In our study, among the 18 pathology proven
primary cases, liver metastases occurred irrespective
of the grade of the tumor. In contrast, liver metastases
were seen more often in grade 2 or 3 tumors in a
[36]
study of gastrointestinal neuroendocrine tumors .
In our study, the grades of the primary and
secondary tumors were similar in 67% of the cases
and there was no difference in grade and metastatic
potential. This was in contrast to the study by Shi
[37]
et al , in which 65% of the patients with grade 1
primary tumor developed a higher grade (G2 or 3)
liver metastasis. This could be explained partly by the
fact that the Ki-67 index was determined on multiple
resected tumors in a single patient in their study
and the highest WHO grade was taken, indicating
the importance of intertumoral heterogeneity. Our
study involves mainly samples from a single lesion
(91% cases) and hence intertumoral heterogeneity
could not be assessed. Intratumoral and intertumoral
heterogeneity in Ki-67 index has also been described
[38]
in a study of metastatic NEN of liver by Yang et al .
Of the 79 study patients, 36 patients had at least
one follow up visit after diagnosis of neuroendocrine
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neoplasm with a median duration of follow up of 8.5
mo (range: 1-50 mo). However, this duration was
not adequate to derive any meaningful conclusion
on long term outcomes in our study patients. Shen
[26]
et al
have shown in their study on liver NEN, a
better survival in low grade tumors as compared to
high grade tumors. This could be due to the fact that
this study included only liver resection cases but our
study was done predominantly on biopsy samples
and also due to lesser number of patients available
for follow-up. Also, 87% of our patients had multifocal
liver lesions irrespective of the WHO grade, indicating
a higher stage of disease at presentation itself.
The limitations of the study were the following;
lack of follow-up data on all patients included in
this study and though most of the patients had
multiple liver lesions, biopsy or cytology sample was
obtained from only one lesion. Intratumoral and
intertumoral heterogeneity in Ki-67 index also could
not be determined, which has been described in few
[37,38]
studies
.
In conclusion, liver biopsy is an important tool for
clinicopathological characterization and grading of
NEN, especially when the primary is not identified.
Most of the cases had multifocal disease indicating
metastasis. However, a possibility of a primary hepatic
neuroendocrine tumor should be kept in mind,
especially when it is a single lesion and a definite
primary is not identified after extensive workup.
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Abstract

potential, further examinations are necessary to
establish their clinical applications.

AIM
To evaluate the inhibitory effects of deferasirox (DFX)
against hepatocellular carcinoma (HCC) through basic
and clinical studies.

Saeki I, Yamamoto N, Yamasaki T, Takami T, Maeda M, Fujisawa
K, Iwamoto T, Matsumoto T, Hidaka I, Ishikawa T, Uchida K,
Tani K, Sakaida I. Effects of an oral iron chelator, deferasirox,
on advanced hepatocellular carcinoma. World J Gastroenterol
2016; 22(40): 8967-8977 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i40/8967.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i40.8967

METHODS
In the basic study, the effect of DFX was investigated
in three hepatoma cell lines (HepG2, Hep3B, and
Huh7), as well as in an N-nitrosodiethylamine-induced
murine HCC model. In the clinical study, six advanced
HCC patients refractory to chemotherapy were enrolled.
The initial dose of DFX was 10 mg/kg per day and was
increased by 10 mg/kg per day every week, until the
maximum dose of 30 mg/kg per day. The duration of a
single course of DFX therapy was 28 consecutive days.
In the event of dose-limiting toxicity (according to the
Common Terminology Criteria for Adverse Events v.4.0),
DFX dose was reduced.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the second leading cause of
[1]
cancer-related deaths worldwide . Although recent
advances in treatment techniques have improved
the prognosis of this malignancy, the prognosis of
advanced HCC patients, especially in the case of
vascular invasion and/or extrahepatic spread, remains
[2,3]
poor . For such patients, the multikinase inhibitor
sorafenib is recommended as the current standard
[4,5]
therapy worldwide . On the other hand, hepatic
arterial infusion chemotherapy (HAIC) is one of the
[5]
recommended treatments in Japan . Sorafenib is
generally used to treat patients with Child-Pugh A
score, while HAIC is indicated for those with Child-Pugh
A or B scores. Therefore, both HAIC and sorafenib
are first-line chemotherapy options for those with
Child-Pugh A score. On the other hand, the options
available for those with Child-Pugh B score are either
HAIC or systemic chemotherapy with the exception
[6]
of sorafenib . However, there are currently no
established second-line chemotherapies for advanced
HCC patients.
Iron is essential for a number of cellular metabolic
[7]
processes, including DNA synthesis . It is also
required for the proliferation of cancer cells before
[8]
initiation of DNA synthesis . Iron chelators are
commonly used for the treatment of iron-overload
disease. Although iron chelators are not classified as
anticancer drugs, they exert antiproliferative effects
[9-12]
in several cancers, including HCC
. We previously
reported that deferoxamine (DFO) can prevent both
liver fibrosis and development of preneoplastic lesions
[13,14]
in rats
. We also performed a pilot study of DFO
for HAIC in advanced HCC patients for the first time,
[15]
and demonstrated the efficacy of this chelator .
Hence, DFO therapy may be used as second-line
chemotherapy owing to its therapeutic potential in
patients with deteriorated liver function. However,
DFO cannot be administered orally, thus limiting its
clinical application. Recently, deferasirox (DFX), a
newly developed oral iron chelator, was shown to exert
a powerful antiproliferative effect in human hepatoma
[12]
[16]
cell culture , and on hepatocarcinogenesis in vivo .

RESULTS
Administration of DFX inhibited the proliferation of
hepatoma cell lines and induced the activation of
caspase-3 in a dose-dependent manner in vitro . In the
murine model, DFX treatment significantly suppressed
the development of liver tumors (P < 0.01), and
significantly upregulated the mRNA expression levels of
hepcidin (P < 0.05), transferrin receptor 1 (P < 0.05),
and hypoxia inducible factor-1α (P < 0.05) in both
tumor and non-tumor tissues, compared with control
mice. In the clinical study, anorexia and elevated serum
creatinine were observed in four and all six patients,
respectively. However, reduction in DFX dose led to
decrease in serum creatinine levels in all patients.
After the first course of DFX, one patient discontinued
the therapy. We assessed the tumor response in the
remaining five patients; one patient exhibited stable
disease, while four patients exhibited progressive
disease. The one-year survival rate of the six patients
was 17%.
CONCLUSION
We demonstrated that DFX inhibited HCC in the basic
study, but not in the clinical study due to dose-limiting
toxicities.
Key words: Liver tumor; Hepatocellular carcinoma;
Advanced stage; Iron-chelator; Deferasirox
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There are currently no established second-line
chemotherapies for advanced hepatocellular carcinoma
(HCC) patients. Iron chelators exert antiproliferative
effects in several cancers. We demonstrated the
inhibition of HCC by deferasirox (DFX) in the basic
study. However, the efficacy of DFX in our clinical study
could not be verified due to dose-limiting toxicities.
Although iron chelators have promising therapeutic

WJG|www.wjgnet.com

8968

October 28, 2016|Volume 22|Issue 40|

Saeki I et al . Effect of DFX on advanced HCC
Control group

temperature (25 ℃) and lighting (12-h light, 12-h
dark) at the Animal Experiment Facility of Yamaguchi
University School of Medicine.
Male mice received a single intraperitoneal injection
of 10 µg/g body weight of N-nitrosodiethylamine (DEN)
(Sigma-Aldrich Japan, Tokyo, Japan) at 14 d of age.
Incidence of liver tumors was histologically evaluated
[19]
five months after DEN injection . The mice were
divided into two groups (n = 10 per group): normal
diet only (control group) and normal diet with DFX (DFX
group) (Figure 1). At 20 wk after DEN injection, DFX (20
mg/kg per day) was administered orally for a period of
3 mo until week 32. Food intake of mice in each group
was measured. To equalize the total food intake in all
groups, additional food was not supplied until all food
had been consumed.

Normal diet

DFX group

Normal diet

2 wk after birth,
DEN ip

DFX 20 mg/kg per day

20 wk from
DEN treatment

Sacrifice
after 32 wk

Figure 1 Protocol for the murine model of hepatocarcinogenesis. The
model was induced by injection of 10 µg/g of DEN at 14 d of age. In the
deferasirox (DFX) group, 20 mg/kg of DFX was administered orally for 3 mo
and fed with normal diet. In the control group, the same amount of normal
diet was administered. After 3 mo (at week 32), the mice were sacrificed and
underwent autopsy examination.

We have also reported that DFX, like DFO, is able
to prevent liver fibrosis and hepatocarcinogenesis
in rats. In addition, we have shown that DFX can
[17]
prevent the adverse effects of sorafenib . Thus,
DFX may represent a next-generation option for
chemoprevention of HCC. However, there have been
no in vivo or clinical studies of DFX against HCC.
Therefore, the aim of this study is to evaluate the
inhibitory effects of DFX against HCC, through both
basic and clinical research.

Histology and immunohistochemical examination:
Sections (3 µm thick) of the mouse liver were fixed in
4% paraformaldehyde (Muto; Tokyo, Japan) for 24 h
and embedded in paraffin. The sections were processed
for hematoxylin and eosin (H&E) staining. Tumor area
of the liver in H&E stain was quantified using a Keyence
BIOREVO BZ9000 microscope (Osaka, Japan) and was
expressed as percentage of the total specimen area.

MATERIALS AND METHODS

Real-time quantitative polymerase chain reaction:
Expression of hepcidin, transferrin receptor 1, and
hypoxia inducible factor-1α (HIF-1α) mRNA between
tumor and non-tumor tissues was evaluated by realtime polymerase chain reaction (PCR) as described
[17]
previously . Briefly, RNA extraction was performed
using an RNeasy Mini kit (Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s protocol.
The primers used were as follows:
Mouse hepcidin: sense (5′-AGAGCTGCAGCCTTT
GCAC-3′),
antisense (5′-GAAGATGCAGATGGGGAAGT-3′);
Mouse transferrin receptor 1: sense (5′-GGTGATCC
ATACACACCTGGCTT-3′),
antisense (5′-TGATGACTGAGATGGCGGAA-3′);
Mouse HIF-1α: sense (5′-GCGTGCATGTCTAATCTG
TTCC-3′),
antisense (5′-GATTCTGACATGCCACATAGCTC-3′);
Mouse β-actin: sense (5′-TGACAGGATGCAGAAG
GAGA-3′),
antisense (5′-GCTGGAAGGTGGACAGTGAG-3′).
PCR amplification was performed in triplicate using
the following cycle conditions: 40 cycles of 90 ℃ for
30 s, 55-60 ℃ for 45 s, and 72 ℃ for 1 min. Gene
expression levels were analyzed using β-actin as the
reference gene.

Basic research

Cell proliferation assay: Hepatoma cell lines (HepG2,
Hep3B, and Huh7) were seeded at a density of 1.0
4
× 10 cells/well in a 96-well plate. Cell proliferation
was measured using MTT [3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide] assay with
CellTiter 96 AQueous One Solution Reagent (Promega,
Madison, WI, United States). Cells were treated with
DFX (0, 10, 20, 50, and 100 μmol/L) after 12 h, and
were incubated for 24 h. The absorbance at 490 nm
was measured to evaluate cell viability using a Bio-Rad
[18]
plate reader (Hercules, CA, United States) .
Caspase-3 activity: Hepatoma cell lines were seeded
4
at a density of 1.0 × 10 cells/well in a 96-well plate,
and incubated in serum-free medium for 24 h. Then,
the cells were treated with DFX (0, 10, 20, 50, and
100 μM) and incubated for another 24 h in serum-free
medium. The activity of caspase-3 was determined
using a caspase-3 colorimetric assay kit (MBL, Nagoya,
Japan). This assay measured the cleavage of a specific
colorimetric caspase substrate, DEVD-pNA, which
releases p-nitroaniline (pNA). Free pNA produces a
yellow color that was detected by a spectrophotometer
[18]
at 405 nm .
Animals and experimental protocol: Animal care
was performed in accordance with the animal ethics
requirements of Yamaguchi University School of
Medicine; the approval ID of the experimental protocol
was 21-025. Seven-week-old female C57 BL/6 mice
(20-30 g) were purchased from Nippon SLC (Shizuoka,
Japan) and housed in a room under controlled
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Mice survival and serum components: To analyze
mice survival in the control (n = 10) and DFX (n = 9)
groups, mice were fed normal diet and administered
the same dose of DFX (20 mg/kg per day) for
approximately one year. We used the Kaplan-Meier
estimator of survival, and verified the survival function
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against lifetime data.
Serum samples were obtained by eye puncture
method at 32 weeks (n = 8 for control group, n = 5 for
DFX group). In all experiments, serum total protein,
total bilirubin, albumin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), blood urea nitrogen (BUN), and
creatinine levels were measured using an analyzer for
clinical chemistry (SPOTCHEM EZ SP-4430; Arkray,
Kyoto, Japan).
In addition, we measured body weight of the mice
at 32 wk.

filtration rate (eGFR) decreased to less than 50% of
the baseline level.
A single course of DFX treatment consisted of
DFX administration for 28 continuous days. After the
treatment was suspended for one or two weeks and
its safety was confirmed, DFX was administered at
the maintenance dose (5-15 mg/kg per day) in the
outpatient department. Patients continued treatment
until disease progression, withdrawal of consent, or
in cases of intolerability. Toxicity was graded using
the Common Terminology Criteria for Adverse Events
[21]
v.4.0 (CTCAE v.4.0) . Tumor measurements were
performed at baseline and at the end of every course
using dynamic computed tomography or magnetic
resonance imaging, and the evaluation of the response
to the treatment was classified according to the
[22]
mRECIST guideline . When repeated DFX treatment
was performed, the best response was considered
for response evaluation. Survival time was defined as
the interval between DFX administration and the last
follow-up or death. The follow-up period ended on
December 31, 2015. The primary endpoint was safety,
and the secondary endpoint was tumor response and
overall survival.

Clinical research

Patients: The eligibility criteria for inclusion in this
study were as follows: age > 20 years; Child-Pugh
3
score A or B; leukocyte count > 2500/mm ; platelet
3
count > 5000/mm ; hemoglobin level > 9 g/dL;
prothrombin activity > 50%; total bilirubin < 3 mg/dL;
serum creatinine < 2 mg/dL; unresectable HCC
due to extensive, locally advanced disease, bilobar
disease, extrahepatic metastasis, or vascular tumor
thrombosis; refractory to chemotherapy; and Eastern
Cooperative Oncology Group performance status of 0
[20]
or 1 . The exclusion criteria were as follows: severe
complicating disease; concomitant malignancy; a
history of allergy; pregnancy/lactation; a history of
interstitial pneumonia; chronic respiratory failure; and
severe general condition.
Six patients who were admitted to our hospital
enrolled in this study between April 2014 and July
2015. The diagnosis of HCC was performed based on
imaging results and elevated serum levels of alphafetoprotein and/or des-gamma-carboxy prothrombin.
This study (H25-148) was approved by the In
stitutional Review Board of Yamaguchi University
Hospital, and written informed consent was obtained
from all patients. The study protocol was conducted
according to the principles of the 1975 Declaration of
Helsinki. The trial was registered online (http://www.
umin.ac.jp/) (UMIN 000013451).

Statistical analysis

Statistical significance was assessed using student’s
t-test for biochemical and histological results, and
the log-rank test for survival analysis. Human results
are expressed as mean ± SD, differences with P <
0.05 were considered significant. All analyses were
performed using the JMP ver. 10.0 software package
(SAS Institute, Cary, NC, United States).

RESULTS
Basic research

Effect of DFX on hepatoma cell lines: Administration
of DFX inhibited the proliferation of all hepatoma cell
lines in a dose-dependent manner (Figure 2A). In
addition, DFX also induced the activity of caspase-3 in a
similar manner (Figure 2B).

Study design and treatment protocol: This study
was designed as a dose-escalation trial in which
patients received continuous oral administration of
DFX at doses ranging from 5 to 30 mg/kg per day.
The initial dose of DFX was 10 mg/kg per day, based
on the minimal dose used for the treatment of ironoverload disease. If patients did not experience doselimiting toxicity (DLT) that was beyond the grade 3
adverse event (AE) within one week, the dose of DFX
was increased by 10 mg/kg per day every week, until
it reached 30 mg/kg per day. On the other hand, if a
serious clinical toxicity was observed, the dose of DFX
was either decreased (grade 3 AE) or the treatment
discontinued (grade 4 AE). Nevertheless, because
renal dysfunction developed in the initial three cases,
we reduced the DFX dose if the estimated glomerular

WJG|www.wjgnet.com

Effect of DFX on tumor in murine model: Figure 3A
(control group) and B (DFX group) show macroscopic
images of tumor formation in mice liver. The total
tumor area was significantly reduced (P < 0.01) in the
DFX group compared with the control group (Figure
3C).
Effect of DFX on the expression of iron-related
genes: Hepcidin, transferrin receptor 1, and HIF-1α
mRNA expression levels in both tumor and non-tumor
areas were significantly higher (P < 0.05) in the DFXtreated group than the control group (Figure 4A and C).
Effect of DFX on mice survival and serum com
ponents: Table 1 shows the levels of different serum
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Figure 2 Antitumor effects of deferasirox in hepatoma cell lines. A: Deferasirox (DFX) exhibited antiproliferative effects against each cell line in a dose-dependent
manner as revealed by MTT assay. Bars represent SD; B: Colorimetric assay of caspase-3 activity showing activation of caspase-3 by DFX in a dose-dependent
manner. Bars represent SD.

A

C

B

100

Tumor area (%)

80
60
40
20

P < 0.01
0

Control

Deferasirox

Figure 3 Inhibition of liver tumor formation by deferasirox. Macroscopic images of liver tumors in the (A) control and (B) deferasirox (DFX) groups. Evaluation of (C)
tumor area percentage of the total specimen area in control and DFX-treated mice. Bars represent SD.

components in DFX and control groups. Mice in the
DFX group had significantly lower level of serum ALT
than those in the control group (P < 0.05). However,
there were no significant differences in the levels of
total protein, albumin, total bilirubin, AST, ALP, BUN,
creatinine, and body weight between both groups.
Liver dysfunction and renal dysfunction were not
observed in the DFX group in this murine model.
Survival analysis of mice in the two groups over
approximately one year showed that DFX-treated mice
survived significantly longer (P < 0.01) than control

WJG|www.wjgnet.com

mice (Figure 5).

Clinical research

Patient characteristics: The patients’ characteristics
are shown in Table 2. There were four male and two
female patients with an average age of 70 years (range,
60 to 80). Five patients had hepatitis C virus infection,
while one had hepatitis B virus infection. According to
the Child-Pugh classification, half of the patients were
classified as class A, and the other half as class B. The
tumor stages were classified as Ⅲ (n = 2) and IVA
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Figure 4 Regulation of iron-related gene expressions by deferasirox in a murine model. Real-time RT-PCR data of the expressions of (A) hepcidin, (B)
transferrin receptor 1, and (C) HIF-1α in tumor and non-tumor tissues. Bars indicate SD. aP < 0.05.
1.0
0.8
Survival

were classified into different AE grades; grade 3 in one
patient, grade 2 in four patients, and grade 1 in one
patient. Anorexia was observed in four patients (grade
2 in two patients, grade 1 in two patients). However,
there were no treatment-related deaths.
DLT of DFX was observed in patients treated with
high doses of the drug (≥ 20 mg/kg per day). Two
patients experienced DLT at a dose of 30 mg/kg per
day, and another four patients at 20 mg/kg per day.
After the first course of DFX, all patients required dose
reductions and one patient discontinued treatment due
to intolerance associated with anorexia.

Control
DFX

0.6
0.4

P < 0.01

0.2
0.0
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Figure 5 Cumulative survival rates of control and deferasirox-treated
mice in a murine hepatocellular carcinoma model. Deferasirox (DFX)-treated
mice showed significantly higher survival rate than control mice (P < 0.01).

Tumor response and survival: We assessed tumor
response to DFX in all patients except one who
discontinued the treatment (Case 1). One patient
exhibited stable disease (SD), and four patients
exhibited progressive disease (PD) (Table 2). One
patient who had multinodular HCCs without portal vein
tumor thrombus (Case 3) maintained SD for eight
months (Figure 7).
The one-year cumulative survival rate of the six
patients was 17%, and the median survival time was
271 d. Five patients died of cancer-related disease,

(n = 4), according to the Liver Cancer Study Group of
[23]
Japan .
Safety and tolerability of DFX: Table 3 summarizes
the adverse events observed during the trial. Although
all patients showed renal dysfunction, their conditions
improved with reduction in DFX dose (Figure 6A and
B). Elevated creatinine levels observed in patients
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Table 1 Comparison of body weight and serum data between deferasirox and control groups

Control
DFX

a

Body weight

TP

Albumin

T-bil

AST

ALT

ALP

BUN

CRE

(g)

(g/dL)

(g/dL)

(mg/dL)

(IU/L)

(IU/L)

(IU/L)

(mg/dL)

(mg/dL)

40.7 ± 4.1
42.8 ± 4.7

5.6 ± 0.4
5.2 ± 0.5

2.8 ± 0.2
2.7 ± 0.1

0.5 ± 0.1
0.6 ± 0.3

95.8 ± 33.9
87.6 ± 20.1

92.3 ± 43.1
29.5 ± 13.8

175.1 ± 23.2
162.2 ± 35.9

25.5 ± 2.9
30.2 ± 1.6

0.4 ± 0.1
0.6 ± 0.1

Mean ± SD. aP < 0.05. DFX: Deferasirox; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; BUN: Blood urea
nitrogen; TP: Total protein; CRE: Creatinine.

Table 2 Patients’ characteristics
Case

1
2
3
4
5
6

Sex

Age

M
M
M
M
F
F

80
73
72
65
70
60

Etiology Child-Pugh
score
(Points)
HCV
HBV
HBV
HBV
HCV
HCV

B (7)
B (7)
B (8)
A (5)
A (6)
A (6)

1

Stage

BCLC

ⅣA
Ⅲ
Ⅲ
ⅣA
ⅣA
ⅣA

C
C
B
C
C
C

2

Maintenance
dose (mg/kg
per day)

Administration period Response
(d)

10
10
5
10
15
15

17
35
248
28
29
28

AFP (ng/mL)
Baseline After 1
course

PD
PD
SD
PD
PD
PD

1918
127402
189
603
5580
6172

DCP (mAU/mL)
Baseline After 1
course

260627
394
814
8434
7671

57
73
85
9995
19958
4606

61
25
16793
15321
2283

1

According to Liver Cancer Study Group of Japan; 2According to Barcelona Clinic Liver Cancer. HCV: Hepatitis C virus; HBV: Hepatitis B virus; AFP:
Alfha-fetoprotein; DCP: Des-gamma-carboxy prothrombin. PD: Progressive disease; SD: Stable disease.

B

A
Case
Case
Case
Case
Case
Case

(mg/dL)
3.5
3.0
2.5
2.0

1
2
3
4
5
6

100
80

1
2
3
4
5
6

60

1.5

40

1.0
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0.5
0
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Case
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2
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120
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Figure 6 Changes in serum creatinine levels and eGFR of patients administered with deferasirox. A: All patients showed gradual increase in creatinine levels
after initiation of DFX treatment, until reduction in DFX dose or discontinuation of treatment. Creatinine levels in all patients were improved by dose reduction. B: All
patients showed gradual decrease in eGFR after initiation of DFX treatment, until reduction in DFX dose or discontinuation of treatment.

Table 3 Summary of adverse effects (mean ± SD)
Case

Creatinine at
baseline (mg/dL)

eGFR at baseline
2
(mL/min/1.73 m )

Adverse effects (grade)

Onset time of grade 2
adverse effects

1

1.19

45.6

2

0.70

83.7

3
4
5

1.00
0.75
0.63

56.9
80.2
70.2

Week 2
Week 2
Week 2
Week 3
Week 3
Week 3
Week 4

6

0.43

111.5

Elevated creatinine (3)
Anorexia (2)
Elevated creatinine (2)
Anorexia (2)
Elevated creatinine (2)
Elevated creatinine (2)
Elevated creatinine (2)
Anorexia (1)
Anorexia (1)
Elevated creatinine (1)
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A

B

C

Figure 7 Progress of hepatocellular carcinoma in one patient (case 3) who maintained stable disease for eight months. The tumor size did not increase
during the DFX administration period. A: Before deferasirox (DFX) administration; B: After one course of DFX therapy; C: After four courses of DFX therapy.
[17]

and one remained alive.

acid (CDAA) diet-induced rat model of liver injury .
However, we have not examined the efficacy of DFX in
a HCC model. Therefore, we investigate in the present
study, the effect of DFX against HCC through basic and
clinical research.
In the basic study, we demonstrated the inhibitory
effects of DFX against HCC both in vitro and in vivo.
Administration of DFX inhibited the proliferation of
three hepatoma cell lines (HepG2, Hep3B, and Huh7)
in a dose-dependent manner, and induced apoptosis
through an increase in caspase-3 activity (Figure 2).
Previous reports have shown that DFX inhibited the
cell cycle at the G0/G1 and S phases, and induced
[12,24]
apoptosis in the Huh7 human hepatoma cell line
.
We showed that DFX notably inhibited the development
of liver tumors and significantly upregulated the mRNA
expression levels of hepcidin, transferrin receptor
1, and HIF-1α in both tumor and non-tumor areas,

DISCUSSION
Sorafenib has been used worldwide as first-line
chemotherapy for advanced HCC patients. However,
there are currently no established second-line
chemotherapies for such patients. We have been
researching the efficacy of iron chelators such as
[13-15,17]
DFO and DFX in basic and clinical studies
. We
demonstrated that DFO therapy can be considered as
second-line chemotherapy for advanced HCC patients
refractory to chemotherapy, showing that the response
to DFO therapy and the one-year survival rate were
[15]
both 20% . DFX is a newly developed oral iron
chelator for the treatment of iron-overload disease. We
demonstrated that DFX can prevent liver fibrosis and
hepatocarcinogenesis in a choline-deficient L-amino
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compared with control (Figures 3 and 4). Iron chelators
can induce hypoxia, which in turn upregulates HIF-1.
Hypoxia inducible factor-1 is composed of two sub
units, an α subunit that is regulated by the hypoxic
state and a constitutively expressed β subunit. It also
activates downstream effectors such as transferrin
receptor 1, N-myc downstream regulated gene-1,
[9]
and p53 . Subsequently, hepcidin is transcriptionally
[25]
activated by p53 . It has been reported that hepcidin
mRNA levels were significantly lower in liver tumor
tissues than in the surrounding and control tissues in
the DEN-induced murine hepatocarcinogenic model
[26]
used in this study . Furthermore, it was shown that
the hepatic hepcidin expression decreased in tissues
[27]
with cirrhosis and in HCC patients . In our study,
hepcidin mRNA levels were also reduced in tumor
tissues before DFX treatment. As hepcidin is an iron
homeostasis regulator, DFX can potentially improve
iron homeostasis in liver tumors. Therefore, our findings
suggested that DFX might inhibit tumor growth via
hypoxia-associated factors and by regulating iron
homeostasis through the upregulation of hepcidin.
Based on the results of the basic study, we
proposed a clinical study of DFX therapy in advanced
HCC patients refractory to chemotherapy. To our
knowledge, this is the first report on DFX therapy
for HCC in a clinical trial setting. To determine the
recommended therapeutic dose for DFX therapy, we
started at 10 mg/kg per day based on the minimal
dose used in the treatment of iron-overload disease,
and gradually increased the dose to a maximum of 30
mg/kg per day, if proven safe. Unfortunately, we could
not continuously administer a high dose of DFX (20-30
mg/kg per day) due to AEs. Thus, the administered
maintenance dose of DFX was 5-15 mg/kg per day.
Renal dysfunction, as indicated by elevated
creatinine levels was observed in all six patients, while
anorexia which was well tolerated, was observed
[28]
in four patients (Table 3). Porter et al
reported
that increased serum creatinine related to DFX was
observed in 39.7% of patients with myelodysplastic
syndrome and other transfusion-dependent anemias,
most frequently at doses between 20 and 30 mg/kg
per day; however, this increase was not progressive.
Although there were no reports on the Japanese
[29]
population exclusively, Kohgo et al
reported that
the incidence of increased serum creatinine was
23.5% in patients from five countries, including Japan
(Japanese patients, n = 53; non-Japanese patients, n
[29]
= 49) . In our clinical study, all six patients exhibited
elevated creatinine levels (AE grade, 1-3) upon DFX
administration at a dose of 20 mg/kg per day (n
= 4) and 30 mg/kg per day (n = 2). However, the
creatinine levels decreased after the dose was reduced
(Figure 6A). In addition, DFX was associated with a
higher risk of acute renal failure than DFO in a large
[30]
Asian population . In fact, our data showed that the
incidence of increased serum creatinine was 10% (1
[15]
in 10 patients) in DFO therapy
and 100% in DFX
therapy; however, these studies only involved small
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populations. A possible reason for the difference in
the risk of renal dysfunction between DFX and DFO
therapies is the difference in their half-lives; DFX has a
relatively long half-life compared with DFO.
We demonstrated that a DFX dose of 20 mg/kg
per day inhibited the development of liver tumors in
a murine model. A previous report also confirmed the
efficacy of DFX using the same dose in an esophageal
[31]
cancer xenograft mice model . However, there were
no responders for DFX therapy in our clinical study;
one patient exhibited SD, and four patients exhibited
PD. On the other hand, it has been reported that the
iron chelation activity of DFX increased in a dosedependent manner; a decrease in serum ferritin was
observed at a dose of 20 and 30 mg/kg per day, but
[28]
not at 5 and 10 mg/kg per day . Supplementary
Table 1 shows changes in serum ferritin before and
after a single course of DFX therapy. Although three
patients had normal range of ferritin at baseline, there
were no significant changes in serum ferritin level
between baseline and one course after treatment (P
= 0.12). Thus, DFX dosage of 5-15 mg/kg per day
may not be adequate for not only tumor inhibition, but
also for iron chelation in patients with HCC and liver
cirrhosis. However, it is problematic to increase the
effective dose of DFX to 20-30 mg/kg per day because
of elevated creatinine levels in patients, in accordance
to the treatment protocol of this clinical study; thus, a
normal level of eGFR should be included as an eligibility
criterion in future clinical studies. Alternatively, we
previously reported that the combination therapy of
DFX and sorafenib markedly inhibited liver fibrosis and
hepatocarcinogenesis with a significant reduction of
the AEs associated with sorafenib in a CDAA-induced
[17]
rat model . The efficacy of this combination therapy
was also demonstrated based on in vitro and in vivo
[32]
studies by other researchers . If the effectiveness of
DFX and sorafenib combination therapy can be verified
in clinical trials, a low dose of DFX may be used as a
novel HCC therapy.
In conclusion, we demonstrated the inhibitory
effects of DFX against HCC in a basic study designed
to investigate its antiproliferative potential. However,
the efficacy of DFX in the clinical study could not be
demonstrated because of inadequate doses due to DLT.
Although iron chelators have promising therapeutic
potential, further examinations are necessary to
establish their clinical applications.

ACKNOWLEDGMENTS
We thank Mrs. Mariko Yamada, Mrs. Ihoko Fujimoto,
and Mrs. Hiromi Kurose for their technical assistance
and support.

COMMENTS
COMMENTS
Background

Sorafenib is recommended as the current standard therapy for advanced
hepatocellular carcinoma (HCC) patients and has been generally administered

8975

October 28, 2016|Volume 22|Issue 40|

Saeki I et al . Effect of DFX on advanced HCC
as first-line chemotherapy for those with Child-Pugh A score. However, no
established second-line chemotherapies are available for patients with ChildPugh B score or those refractory to sorafenib. Iron is essential for a number
of cellular metabolic processes including DNA synthesis. It is also required for
the proliferation of cancer cells before initiation of DNA synthesis. Although
iron chelators are not classified as anticancer drugs, they exert antiproliferative
effects in several cancers, including HCC.
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Research frontiers

The authors previously reported that deferoxamine (DFO) can prevent both
liver fibrosis and development of preneoplastic lesions in rats. We also
performed a pilot study of DFO in advanced HCC patients for the first time,
in which we demonstrated the efficacy of this chelator. However, DFO
cannot be administered orally, thus limiting its clinical application. Recently,
deferasirox (DFX), a newly developed oral iron chelator, was shown to exert
a potent antiproliferative effect against human hepatoma cell culture and
hepatocarcinogenesis in vivo. We have also reported that DFX, like DFO, was
able to prevent liver fibrosis and hepatocarcinogenesis in rats.
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Innovations and breakthroughs

There have been no in vivo or clinical studies of DFX against HCC. The authors
investigated for the first time, the inhibitory effects of DFX against HCC through
both basic and clinical research.
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Applications
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The authors demonstrated the inhibitory effects of DFX against HCC in a
basic study. However, the efficacy of DFX in the clinical study could not be
verified owing to dose-limiting toxicity in patients. Although iron chelators have
promising therapeutic potential, further examinations are necessary to establish
their clinical applications.
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Terminology
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DFO and DFX are iron chelators that are commonly used for the treatment of
iron-overload disease. DFO is ordinarily administered by intravenously, whereas
DFX is a newly developed oral iron chelator.
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to the postoperative QOL. As for the individual
symptoms, meal-related distress, dumping, abdominal
pain, and esophageal reflux significantly affected the
postoperative QOL in that order, while the influence of
indigestion, diarrhea and constipation was insignificant.
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Abstract

Core tip: The extent of gastrectomy has been reported
to substantially affect the postoperative quality of life
(QOL). However, considerable differences in the QOL
have been observed among patients who underwent
the same type of gastrectomy, implicating that other
clinical factors may have major influence over the
postoperative QOL. In the present study, we first
found that several clinical factors such as the symptom
severity, ability for working and necessity for additional
meals had significant impact on the postoperative
QOL, while the influence of the extent of gastrectomy
was unexpectedly small. These findings give us deeper
understanding to manage the postgastrectomy syndrome
appropriately.

AIM
To identify certain clinical factors other than the type of
gastrectomy which affect the postoperative quality of
life (QOL) of patients after gastrectomy.
METHODS
The postgastrectomy syndrome assessment scale
(PGSAS)-45 was designed to assess the severity of
symptoms, the living status and the QOL of gastre
ctomized patients. It consists of 45 items, of which
22 are original items while 23 were retrieved from
the SF-8 and Gastrointestinal Symptoms Rating
Scale questionnaires with permission. A nationwide
surveillance study to validate PGSAS was conducted
and 2368 gastric cancer patients who underwent
various types of gastrectomy at 52 medical institutions
were enrolled. Of these, 1777 patients who underwent
total gastrectomy (TG) reconstructed with Roux-Y (n
= 393), distal gastrectomy (DG) reconstructed with
Billroth-I (n = 909), or DG reconstructed with Roux-Y
(n = 475) were evaluated in the current study. The
influence of the type of gastrectomy and other clinical
factors such as age, sex, duration after surgery, the
symptom severity, the degree of weight loss, dietary
intake, and the ability for working on the postoperative
QOL (i.e. , dissatisfaction for daily life subscale, physical
component summary and mental component summary
of the SF-8) were examined by multiple regression
analysis (MRA). In addition, importance of various
symptoms such as esophageal reflux, abdominal pain,
meal-related distress, indigestion, diarrhea, constipation
and dumping on the postoperative living status and
QOL were also appraised by MRA.

Nakada K, Takahashi M, Ikeda M, Kinami S, Yoshida M,
Uenosono Y, Kawashima Y, Nakao S, Oshio A, Suzukamo Y,
Terashima M, Kodera Y. Factors affecting the quality of life of
patients after gastrectomy as assessed using the newly developed
PGSAS-45 scale: A nationwide multi-institutional study. World
J Gastroenterol 2016; 22(40): 8978-8990 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i40/8978.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i40.8978

INTRODUCTION
Gastrectomy is widely used as an effective curative
treatment modality in patients with gastric cancer.
In Japan, the rate of diagnosis of gastric cancer at
[1]
an early stage has been increasing , and with the
consequent improvement of the treatment results,
greater attention is being paid to the postoperative
quality of life (QOL) of patients who underwent gas
trectomy. Various clinical problems may occur after
gastrectomy, including various abdominal and systemic
symptoms, restriction of food intake, weight loss,
decrease in physical activity, etc., which can interfere
with the QOL of gastrectomized patients. Thus, there
is need to prevent and manage these sequelae after

RESULTS
The postoperative QOL were significantly deteriorated
in patients who underwent TG compared to those
after DG. However, the extent of gastrectomy was not
an influential factor on patients’ QOL when adjusted
by the MRA. Among various clinical factors, the
symptom severity, ability for working, and necessity
for additional meals were the most influential factors
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gastrectomy, collectively labeled as postgastrectomy
[2-7]
syndrome (PGS) .
Until date, the influence of the type of gastrectomy
on the risk of development of PGS has been mainly
[8-23]
investigated
. Multiple studies have reported a
greater deterioration of the QOL after total gastrectomy
[8,10,13,18,19]
(TG) than distal gastrectomy (DG)
, and it is
thought that the more extensive the resection of the
[11]
stomach, the greater the severity of PGS . On the
other hand, function-preserving gastrectomy, in which
the extent of gastrectomy is reduced, such as pylorus[9,11,16,17,23]
preserving gastrectomy (PPG)
and proximal
[20]
gastrectomy , is often used for treating early gastric
cancer and has been reported to be useful to improve
the QOL of patients after surgery. Thus, improvement
in the gastrectomy procedures is recognized as one of
the reliable means to reduce the risk of development
of PGS. However, at least at present, it is difficult
to eliminate PGS completely only by improving the
gastrectomy procedures.
It has been observed that there are considerable
individual differences in the postoperative QOL
among patients who underwent the same type of
gastrectomy; therefore, it appears likely that clinical
factors other than the type of gastrectomy may
also significantly influence the postoperative QOL,
although not much information on this is available yet.
Therefore, it seems important to identify undiscovered
clinical factors which might affect the postoperative
QOL of patients who underwent gastrectomy, besides
the type of gastrectomy performed, in order to obtain a
deeper understanding of PGS and to develop effective
methods of prevention and management. Various
symptoms are known to develop after gastrectomy,
which cause much discomfort to the patients and
place a burden on their lives. Although the degree of
influence of these symptoms on the patients’ daily
lives and QOL appears to differ depending on the
nature of symptoms, the differences in the influences
of each symptom on the patients’ daily lives and QOL
have not yet been clarified. Therefore, this study was
conducted to clarify these issues in the patients who
underwent gastrectomy.

of organ failure or mental illness; and (11) written
informed consent. Patients with dual malignancy
or concomitant resection of other organs (with coresection equivalent to cholecystectomy being the
exception) were excluded.

QOL assessment

The Postgastrectomy Syndrome Assessment Scale
[24]
(PGSAS)-45 is a newly developed, multidimensional
quality of life questionnaire (QLQ) based on the
[25]
and the
8-item short-form health survey (SF-8)
[26]
Gastrointestinal Symptom Rating Scale (GSRS) .
The PGSAS-45 questionnaire consists of a total of 45
questions (Table 1), with eight items from the SF-8, 15
items from the GSRS, and 22 clinically-important items
selected by the Japan Postgastrectomy Syndrome
Working Party (JPGSWP) (Table 2). The PGSAS-45
questionnaire (Table 1) includes 23 items pertaining
to postoperative symptoms (items 9-33), including
15 items from the GSRS and 8 newly selected items.
In addition, 12 questionnaire items pertaining to
dietary intake (8 items), work (1 item), and level of
satisfaction with daily life (3 items) were selected.
Twenty-three symptom items were clustered into
seven symptom subscales (SS), i.e., the esophageal
reflux SS, abdominal pain SS, meal-related distress
SS, indigestion SS, diarrhea SS, constipation SS, and
dumping SS by factor analysis. Details of the PGSAS-45
[24]
have been reported previously .

Study methods

This study utilized continuous sampling from a central
registration system for participant enrollment. The
questionnaire was distributed to all eligible patients
as they presented to participating clinics. After
completing the questionnaire, patients were instructed
to return forms to the data center. All QOL data from
questionnaires were matched with individual patient
data collected via case report forms. This study
was registered with the University Hospital Medical
Information Network’s Clinical Trials Registry (UMINCTR; registration number 000002116). This study
was approved by local ethics committees at each
institution. Written informed consent was obtained
from all enrolled patients. Of the 2922 patients who
were handed the questionnaire sheets between July
2009 and December 2010, 2520 (86%) responded
and 2368 were confirmed to be eligible for the study
(Figure 1). Of these, data from 1777 patients who
underwent either TG or DG were used in the current
study.

MATERIALS AND METHODS
Patients

Fifty-two institutions participated in this study. Patient
eligibility criteria were: (1) diagnosis of pathologicallyconfirmed stage IA or IB gastric cancer; (2) first-time
gastrectomy status; (3) age ≥ 20 and ≤ 75 years;
(4) no history of chemotherapy; (5) no recurrence
or distant metastasis indicated; (6) gastrectomy con
ducted one or more years prior to enrollment date; (7)
performance status ≤ 1 on the Eastern Cooperative
Oncology Group scale; (8) full capacity to understand
and respond to the questionnaire; (9) no history of
other diseases or surgeries which might influence
responses to the questionnaire; (10) no presence

WJG|www.wjgnet.com

Statistical analysis

In comparing patients’ characteristics, living status and
QOLs after TG and DG, statistical methods included the
2
t test and χ test. The effects of various clinical factors
such as type of gastrectomy as well as age, sex,
postoperative period, the severity of symptoms, the
degree of body weight loss, the necessity for additional
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Questionnaire
handed
2922
Not retrieved
402 (14%)
Retrieved
2520 (86%)

Excluded 152 (5%)
Age ≥ 76: 90
Postoperative period < 1 yr: 29
Resection of other organs: 8
Others: 25

Analized
2368 (81%)

TGRY
393

DGRY
475

DGBI
909

Conventional gastrectomy

PPG
313

PG
193

LR
85

Function-preserving
gastrectomy

Figure 1 Outline of the Study. TGRY: Total gastrectomy with Roux-en-Y reconstruction; DGRY: Distal gastrectomy with Roux-en-Y reconstruction; DGBI: Distal
gastrectomy with Billroth I reconstruction; PPG: Pylorus preserving gastrectomy; PG: Proximal gastrectomy; LR: Local resection.

food and the ability for working on the patients’ QOL
were investigated by multiple regression analysis
(MRA). Moreover, the impact of seven symptom SS on
the living status and QOL of patients after gastrectomy
were examined by MRA. The values of P < 0.05
were considered significant. To evaluate effect sizes,
Cohen’s d, standardization coefficient of regression
2
(β ) and coefficient of determination (R ) were used.
Interpretation of effect sizes were ≥ 0.2 small, ≥ 0.5
medium, and ≥ 0.8 large in Cohen’s d; ≥ 0.1 small, ≥
0.3 medium, and ≥ 0.5 large in β ; ≥ 0.02 small, ≥ 0.13
2
medium, and ≥ 0.26 large in R . Statistical analyses
were performed by the biostatisticians mainly using
StatView for Windows Ver. 5.0 (SAS Institute Inc.).

summary (PCS)”, and “mental component summary
(MCS)”; which represent the QOL were significantly
worse in the TG group than in the DG group. Calcu
lation of Cohen’s d effect sizes indicated that there
were moderate differences in the influences of “change
in body weight”, “necessity for additional meals” and
“dissatisfaction for daily life SS”, and slight differences
in the influence of “symptoms” and “ability for working”
between the TG and DG groups. On the other hand,
although there were statistically significant differences
in the influence of “PCS” and “MCS” between the two
groups, the Cohen’s d effect sizes were very small (<
0.2), indicating the absence of any clinically meaningful
differences (Table 3).

Influence of the type of gastrectomy and various other
clinical factors on the postoperative QOL of gastrectomy
patients

RESULTS
Comparison of patients’ characteristics, living status
and QOL between TG and DG

MRA using the type of gastrectomy, patient’s chara
cteristics, symptom and living status as predictor
variables was performed to assess the influence of
each factor on the three integrated outcome measures
for the QOL domain. “Symptoms” and “ability for
working” significantly affected on all the QOL outcome
measures, with medium effect sizes (β ≥ 0.3). In
addition, “necessity for additional meals” significantly
affected on the “dissatisfaction for daily life SS” with a
small effect size (β ≥ 0.1). “Age” marginally affected
on the “dissatisfaction for daily life SS” and “MCS” with
β = 0.09. On the other hand, “type of gastrectomy”,
“sex”, “postoperative period” and “change in body
weight” had an effect size of β < 0.09 on all the QOL
outcome measures, while some clinical factors had a

Of the 1777 patients treated by gastrectomy who were
included in this study, 393 underwent TG and 1384
underwent DG (B-I method in 909 patients and Rouxen-Y method in 475 patients). Comparison between
the patients who underwent TG (TG group) and those
who underwent DG (DG group) revealed that while
the mean “age” was significantly higher in the TG
group, there were no significant differences in the
“sex” distribution and “postoperative period” between
the two groups. “Symptoms”, three evaluation items;
“change in body weight”, “necessity for additional
meals”, and “ability for working”; which represent
the living status, and another three evaluation items;
“dissatisfaction for daily life SS”, “physical component
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Table 1 Structure of postgastrectomy syndrome assessment scale-45
Domains

Subdomains

QOL

SF-8 (QOL)

Symptoms

GSRS
symptoms

PGSAS original
symptoms

Items
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Living status

Meals (amount) 1

Meals (quality)

QOL

Meals (amount) 2
Social activity
Dissatisfaction
(QOL)

33
34
35
36
37
38
39
40
41
42
43
44
45

Subscales

Physical functioning1

Five or six-point Likert
scale

Physical component summary1

Role physical1
Mental component summary1
Bodily pain1
General health1
Vitality1
Social functioning1
Role emotional1
Mental health1
Abdominal pains
Seven-point Likert scale Esophageal reflux subscale (item 10, 11, 13, 24)
Heartburn
Except item 29 and 32
Abdominal pain subscale (item 9, 12, 28)
Acid regurgitation
Meal-related distress subscale (item 25-27)
Sucking sensations in the epigastrium
Indigestion subscale (item 14-17)
Nausea and vomiting
Diarrhea subscale (item 19, 20, 22)
Borborygmus
Constipation subscale (item 18, 21, 23)
Abdominal distension
Dumping subscale (item 30, 31, 33)
Nausea and vomiting
Increased flatus
Total symptom scale (above seven subscales)
Decreased passage of stools
Increased passage of stools
Loose stools
Hard stools
Urgent need for defecation
Feeling of incomplete evacuation
Bile regurgitation
Sense of foods sticking
Postprandial fullness
Early satiation
Lower abdominal pains
Number and type of early dumping
symptoms
Early dumping general symptoms
Early dumping abdominal symptoms
Number and type of late dumping
symptoms
Late dumping symptoms
Ingested amount of food per meal1
Ingested amount of food per day1
Frequency of main meals
Frequency of additional meals
Appetite1
Five-point Likert scale
Quality of ingestion subscale1 (item 38-40)
1
Hunger feeling
Satiety feeling1
Necessity for additional meals
Five-point Likert scale
Ability for working
Five-point Likert scale
Dissatisfaction with symptoms
Five-point Likert scale
Dissatisfaction for daily life subscale (item
43-45)
Dissatisfaction at the meal
Dissatisfaction at working

In items or subscales without1, higher score indicating worse condition; in items or subscales with1, higher score indicating better condition. Each subscale
is calculated as the mean of composed items or subscales, except physical component summary and mental component summary of SF-8. Item 29 and 32
don't have score. Then, they were analyzed separately.

Influence of various clinical factors on the postoperative
QOL of gastrectomy patients; subgroup analysis by the
type of gastrectomy

statistically significant, but no clinically meaningful,
2
influence. In addition, R , which represents the degree
of influence of all the predictor variables used in the
analysis, was the greatest for the “dissatisfaction for
2
2
daily life SS” (R = 0.606), followed by “PCS” (R =
2
0.368) and “MCS” (R = 0.333), with large effect sizes
and significant influences on all the QOL outcome
measures (Table 4).
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To clarify in greater detail the clinical factors, other
than the type of gastrectomy which was identified as a
significant factor as shown above, that may affect the
postoperative QOL of gastrectomy patients, subgroup
analysis was conducted for each type of gastrectomy.
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Table 2 Postgastrectomy syndrome assessment scale original items English version
PGSAS-45 is consisting of SF-8 (item 1-8), GSRS (item 9-23) and PGSAS original items (item 24-45)
24
25
26
27
28
29

30
31
32

33

34

35

36

37

38
39
40

41

42

Have you been bothered by bile regurgitation (having a bitter taste in your mouth) during the past month?
Have you been bothered by sense of foods sticking when swallowing during the past month? (Sticking food refers to uncomfortable feeling with
foods piled up in the chest.)
Have you been bothered by postprandial fullness during the past month? (Fullness refers to uncomfortable or heavy feeling with foods piled up in
the stomach.)
Have you been bothered by being unable to eat enough because you feel full before you finish your meal during the past month?
Have you been bothered by circumumbilical pains or lower abdominal pains during the past month?
Have you experienced following symptoms around 30 min after eating during the past month? Please encircle the number that describes your
symptom. (Please check all the symptoms you have experienced.)
(Ans. Q29)
1. No symptoms below
[You have experienced following general symptoms.]
2. Cold sweat 3. Palpitations 4. Dizziness 5. Numbness 6. Fainting 7. Facial flushing
8. Facial pallor 9. Feeling hot 10. Fatigue or weakness 11. Lassitude 12. Drowsiness
13. Headache 14. Heaviness of the head 15. Tightness in the chest
[You have experienced following abdominal symptoms.]
16. Borborygmi (except after drinking milk) 17. Abdominal cramps (except after drinking milk)
18. Diarrhoea (except after drinking milk) 19. Nausea 20. Vomiting 21. Bloating
22. Abdominal discomfort
For those who encircled any of the general symptom-related items in Question 29, to what extent have you been bothered by all these general
symptoms during the past month?
For those who encircled any of the abdominal symptom-related items in Question 29, to what extent have you been bothered by all these
abdominal symptoms during the past month?
Have you experienced following symptoms within two to three hours after eating during the past month? Please circle the number that describes
your symptom. (Please check all the symptoms you have experienced.)
(Ans. Q32)
1. No symptoms below
[You have experienced following general symptoms.]
2. Cold sweat 3. Palpitations 4. Dizziness 5. Headache 6. Fainting 7. Fatigue or weakness
8. Lassitude 9. Languor 10. Shakiness 11. Hunger 12. Shortness of breath
For those who encircled any of the general symptom-related items in Question 32, to what extent have you been bothered by all these general
symptoms during the past month?
(Ans. Q24-28, 30 ,31, 33)
1. No discomfort at all 2. Slight discomfort 3. Mild discomfort 4. Moderate discomfort
5. Moderately severe discomfort 6. Severe discomfort 7. Very severe discomfort
On average what percent of preoperative food intake have you taken in single meal during the past month?
(Ans. Q34)
About (
) % of the preoperative single ingested amount
On average, what percent of preoperative food intake have you taken per day during the past month?
(Ans. Q35)
About (
) % of the preoperative total daily ingested amount
On average, how many main meals have you taken per day during the past month?
(Ans. Q36)
About (
) times per day
On average, how often have you taken additional meals (light meal or snack) per day during the past month?
(Ans. Q37)
About (
) times per day
Have you had appetite during the past month?
Have you felt hunger during the past month?
Have you felt satiety during the past month? (Satiety refers to comfortable feeling with your stomach being full.)
(Ans. Q38-40)
1. Never 2. Occasionally (less than once a week) 3. Often (twice to three times per week)
4. Frequently (four to six times per week) 5. Always (every day)
Please encircle the number that most accurately describes the necessity for additional meals (light meal or snack) during the past month?
(Ans. Q41)
1. Food intake was enough with main meals; three times per day.
2. Food intake was slightly insufficient with main meals; three times per day, and you sometimes needed to take additional meals.
3. Food intake was significantly insufficient with main meals; three times per day, and you had to take additional meals.
4. Even though you had taken additional meals besides main meals; three times per day, food intake was insufficient.
5. Food intake was insufficient because you were not able to take additional meals besides breakfast, lunch and dinner.
Please encircle the number which exactly describes your living status (ability for working or housekeeping) during the past month?
(Ans. Q42)
1. You were able to handle your work or housework sufficiently and could even manage to work overtime. You enjoyed trip, sports, leisure
activities, and dining out as you used to before operation.
2. You were able to work or handle housework as usual (By work as usual we mean during normal working hours without overtime). (You felt
no difficulty when avoiding excessive work)
3. You had some difficulties with working or keeping house. You were able to handle lighter duties (70 to 80 percent of the previous activities).
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43
44
45

4. You had moderate difficulties with working or keeping house (about 50 percent of the previous activities).
5. You could scarcely work or keep house.
How often have you felt dissatisfied with the chest or abdominal symptoms due to gastrectomy during the past month?
How often have you felt dissatisfied with being unable to eat as intended due to gastrectomy during the past month? ("being unable to eat as
intended" here means that you are not able to eat what you like, with no limitation in amount and in speed.)
How often have you felt dissatisfied with your limited daily activities (working or housekeeping) due to gastrectomy during the past month?
(Ans. Q43-45)
1. Not at all 2. Slightly 3. Moderately 4. Significantly 5. Extremely
PGSAS-45 original items [item 24-45] English version 1.0 © 2016 K Nakada, M Takahashi

Table 3 Comparison of patients' characteristics, living status and quality of life between total and distal gastrectomy
TG (n = 393)
Patients'
characteristics

Age (yr)
Sex (male: n/%)
Postoperative period (mo)
Symptoms
Total symptom score
Living status
Change in body weight (%)1
Necessity for additional meals
Ability for working
QOL
Dissatisfaction for daily life SS
Physical component summary1
Mental component summary1
The interpretation of effect size
None-very small
Small
Medium
Large

DG (n = 1384)

mean

SD

mean

SD

63.4

9.2

61.8

9.1

276/71.0%
35.0
2.2
-13.8%
2.4
2.0
2.3
49.6
49.2
Cohen's d
< (0.2)
≥ 0.2
≥ 0.5
≥ 0.8

912/66.2%
24.6
0.7
7.9%
0.8
0.9
0.9
5.6
6.0

37.9
1.9
-8.3%
1.9
1.8
1.9
50.6
49.9

27.4
0.7
7.6%
0.8
0.9
0.8
5.6
5.7

P value

Cohen's d

0.00192
0.07983
0.09182
< 0.00012
< 0.00012
< 0.00012
< 0.00012
< 0.00012
0.00202
0.04262

(0.18)
(0.10)
0.35
0.71
0.61
0.31
0.53
(0.18)
(0.12)

Outcome measures with1, higher score indicating better condition; Outcome measures without1, higher score indicating worse condition. 2t-test; 3χ 2 test. TG:
Total gastrectomy; DG: Distal gastrectomy; QOL: Quality of life.

Table 4 Clinical factors affecting quality of life in the patients after gastrectomy (Multiple Regression Analysis)
1

Dissatisfaction for daily life SS

β

Physical component summary

β

P value

P value

1

Mental component summary

β

Type of gastrectomy [TG]
(0.047)
0.0132
(0.008)
NS
(-0.056)
Age
(-0.091)
< 0.0001
(-0.052)
0.0236
(0.090)
Sex [Male]
(-0.016)
NS
(0.043)
0.0576
(0.025)
Period after gastrectomy
(-0.026)
NS
(-0.019)
NS
(-0.004)
Total symptoms score
0.429
< 0.0001
-0.354
< 0.0001
-0.357
Change in body weight1
(-0.036)
0.0551
(0.026)
NS
(-0.008)
Necessity for additional meals
0.176
< 0.0001
(0.057)
0.0206
(-0.020)
Ability for working
0.360
< 0.0001
-0.377
< 0.0001
-0.321
R2 (P value)
0.606
< 0.0001
0.368
< 0.0001
0.333
If β is positive, the score of the outcome measure of the patients belonging to the category in [brackets] is higher in cases when the factor is
a nominal scale, and the score of outcome measure of the patients with larger values is higher in cases when the factor is a numeral scale.
The interpretation of effect size
R2
β
None-very small
< (0.100)
< (0.020)
Small
≥ 0.100
≥ 0.020
Medium
≥ 0.300
≥ 0.130
Large
≥ 0.500
≥ 0.260

P value
0.0238
0.0002
NS
NS
< 0.0001
NS
NS
< 0.0001
< 0.0001

Outcome measures with1, higher score indicating better condition; outcome measures without1, higher score indicating worse condition. TG: Total
gastrectomy.

Like in the analysis for the type of gastrectomy,
overall, “symptoms” and “ability for working” were
found to have a significant influence on all the QOL
outcome measures with medium effect sizes (β ≥
0.3) in both the TG and DG groups (although only
the effect size on the “MCS” in the DG group was β =
0.289). In addition, “necessity for additional meals”

WJG|www.wjgnet.com

significantly affected on the “dissatisfaction for daily
life SS” with a small effect size (β ≥ 0.1) in both the
TG and DG groups. “Age” also significantly affected
on all the QOL outcome measures with small effect
sizes (β ≥ 0.1) in the TG group. However, in the DG
group, “age” was not significant, or had very small
effect sizes even in case it was significant, suggesting
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Table 5 Clinical factors affecting quality of life in the patients after each of total or distal gastrectomy (Subgroup Multiple
Regression Analysis)
1

Dissatisfaction for daily life SS

β

Physical component summary

β

P value

P value

1

Mental component summary

β

TG
Age
-0.135
0.0007
-0.160
0.0006
0.118
Sex (male)
(0.003)
NS
(0.065)
NS
(-0.074)
Period after gastrectomy
(-0.036)
NS
(0.029)
NS
(-0.054)
Total symptoms score
0.428
< 0.0001
-0.441
< 0.0001
-0.350
Change in body weight1
(-0.001)
NS
(0.020)
NS
(-0.034)
Necessity for additional meals
0.281
< 0.0001
(0.085)
0.0653
(-0.028)
Ability for working
0.335
< 0.0001
-0.334
< 0.0001
-0.415
R2 (P value)
0.565
< 0.0001
0.434
< 0.0001
0.393
DG
Age
(-0.081)
0.0001
(-0.018)
NS
(0.081)
Sex (male)
(0.025)
NS
(0.036)
NS
(0.052)
Period after gastrectomy
(-0.027)
NS
(-0.033)
NS
(0.011)
Total symptoms score
0.441
< 0.0001
-0.316
< 0.0001
-0.355
Change in body weight1
(-0.044)
0.0265
(0.024)
NS
(0.006)
Necessity for additional meals
0.139
< 0.0001
(0.043)
NS
(-0.019)
Ability for working
0.377
< 0.0001
-0.390
< 0.0001
-0.289
R2 (P value)
0.598
< 0.0001
0.347
< 0.0001
0.322
If β is positive, the score of the outcome measure of the patients belonging to the category in [brackets] is higher in cases when the factor is
a nominal scale, and the score of outcome measure of the patients with larger values is higher in cases when the factor is a numeral scale.
The interpretation of effect size
R2
β
None-very small
< (0.100)
< (0.020)
Small
≥ 0.100
≥ 0.020
Medium
≥ 0.300
≥ 0.130
Large
≥ 0.500
≥ 0.260

P value
0.0141
NS
NS
< 0.0001
NS
NS
< 0.0001
< 0.0001
0.0029
0.0502
NS
< 0.0001
NS
NS
< 0.0001
< 0.0001

Outcome measures with1, higher score indicating better condition; outcome measures without1, higher score indicating worse condition. TG: Total
gastrectomy; DG: Distal gastrectomy.

that “age” had any clinically meaningful influence.
“Sex”, “postoperative period” and “change in body
weight” had an effect size of β < 0.09 on all the QOL
outcome measures in both groups, and while the
influence was statistically significant in some cases,
it was not clinically meaningful. Like in the analysis
2
for the type of gastrectomy, overall, R was greatest
for the “dissatisfaction for daily life SS”, followed by
that for the “PCS” and “MCS”, with large effect sizes
and significant influences on all the integrated QOL
outcome measures (Table 5).

other hand, “indigestion”, “diarrhea” and “constipation”
had no clinically meaningful influence on any of the
2
QOL outcome measures, with β < 0.09. The R was
the greatest for “dissatisfaction for daily life SS” and
2
“PCS” (significant influence with large effect sizes, R
≥ 0.26), followed by “MCS”, “ability for working” and
“necessity for additional meals” (significant influence
2
with medium effect sizes, R ≥ 0.13) and “change in
body weight” (significant influence with a small effect
2
size, R ≥ 0.02) (Table 6).

DISCUSSION

Influence of the seven symptom SS on the living status
and postoperative QOL of gastrectomy patients

Multiple studies have reported the influence of different
gastrectomy procedures on the postoperative QOL
[8-23]
of the surgically treated patients
, however, the
influences of other clinical factors on the postopera
tive QOL are still unknown. The present study was
conducted to clarify the influences of various clinical
factors on the QOL of patients after gastrectomy
using PGSAS-45; a newly developed composite ques
tionnaire for postgastrectomy evaluation. The results of
our evaluation revealed that among a variety of clinical
factors, “symptoms” had the strongest influence
on the postoperative QOL of gastrectomy patients,
followed by “ability for working” and “necessity for
additional meals”. In addition, among the symptoms,
“meal-related distress” and “dumping” affected the
postoperative QOL the most strongly and broadly, and

The influence of the seven symptoms SS often found
after gastrectomy, i.e., “esophageal reflux”, “abdominal
pain”, “meal-related distress”, “indigestion”, “diarrhea”,
“constipation” and “dumping”, on the living status and
integrated outcome measures for the QOL domain
in gastrectomized patients was assessed by MRA.
The results revealed that the influence on the living
status and QOL outcome measures greatly differed
depending on the nature of symptoms. “Meal-related
distress” and “dumping” significantly affected almost
all the QOL outcome measures with small effect
sizes (β ≥ 0.1). In addition, “abdominal pain” and
“esophageal reflux” significantly affected some of the
outcome measures (“PCS” and “dissatisfaction for
daily life SS”) with small effect sizes (β ≥ 0.1). On the
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β
P value

Necessity for additional meals
(0.081)
(0.096)
0.116
(-0.001)
(-0.076)
(0.093)
0.214
0.202

β
0.0126
0.0046
0.0012
NS
0.0061
0.0008
< 0.0001
< 0.0001

P value

Ability for working
(0.085)
0.146
0.282
(0.015)
(0.011)
(0.006)
0.283
0.483

β

β
-0.126
-0.261
(-0.074)
(0.024)
(0.022)
(-0.037)
-0.168
0.276

P value
< 0.0001
< 0.0001
0.0263
NS
NS
NS
< 0.0001
< 0.0001

1

Physical component summary

β
(-0.085)
(-0.094)
-0.144
(-0.058)
(-0.054)
(-0.056)
-0.141
0.240

0.0062
0.0039
< 0.0001
0.0699
0.0441
0.0356
< 0.0001
< 0.0001

P value

1

Mental component summary

“abdominal pain” and “esophageal reflux” also affected some of the outcome measures, but to a limited extent. “Indigestion”, “diarrhea” and “constipation” had the
smallest influence. “Change in body weight”, which is often used as an objective evaluation index after gastrectomy, had no clinically meaningful influence on the living
status or the QOL of postgastrectomy patients. This is the first study to investigate the influence of a variety of clinical factors other than type of gastrectomy on the
postoperative QOL of gastrectomy patients.
[2-7]
PGS occurs frequently after gastrectomy that may cause significant clinical problems . Clinical features of PGS include the occurrence of various symptoms, reduced
dietary intake, weight loss, reduced physical activity, and reduced physical and mental QOL. PGS is usually the most severe after TG, and the postoperative QOL of
[8,10,13,18,19]
patients is known to be better after DG, in which the proximal stomach is partially preserved, than after TG
. Our study also showed a significantly higher “necessity
for additional meals”, greater “weight loss”, lower “ability for working” and worse “dissatisfaction for daily life SS”, “PCS” and “MCS” of SF-8 in the TG group than in the
DG group. Furthermore, it has been reported that function-preserving gastrectomy, such as PPG and proximal gastrectomy, is associated with a better postoperative QOL
[9,11,16,17,20,23]
as compared to gastrectomy
. Thus, the type of gastrectomy is a well-known factor affecting the postoperative QOL of patients who underwent gastrectomy,
and improvement in the gastrectomy procedures may be expected to improve the postoperative QOL of gastrectomy patients. Accordingly, it is clinically important to
make efforts to further improve the surgical procedures of gastrectomy. On the other hand, at present, we know that improvement in the gastrectomy procedures can
only reduce, though not completely eliminate the development of PGS, and that its effect is limited. Therefore, it is necessary to identify other clinical factors that may
affect the postoperative QOL of gastrectomy patients besides the type of gastrectomy, and to manage PGS in a multifaceted manner for further improvement of the
postoperative QOL of gastrectomy patients.
It is well-known that there are considerable individual differences in the degree of interference with the daily life activities among patients who underwent the same
type of gastrectomy, suggesting that clinical factors other than the type of gastrectomy also have a significant influence on the postoperative QOL of gastrectomy
patients, although there is little information yet on such factors. In the present study, we investigated the influence of clinical factors such as “age”, “sex”, “postoperative
period”, “symptoms”, “change in body weight”, “necessity for additional meals” and “ability for working”, on the postoperative QOL of gastrectomy patients by
conducting MRA of the data of 1777 patients who underwent gastrectomy. According to the obtained results, among these clinical factors, “symptoms”, “the ability
for working” and “the necessity for additional meals” had a significant influence on the integrated QOL outcome measures; “symptoms” had the strongest influence,

0.0011
< 0.0001
< 0.0001
NS
NS
NS
< 0.0001
< 0.0001

P value

Dissatisfaction for daily life SS

Outcome measures with, higher score indicating better condition; outcome measures without, higher score indicating worse condition.

1

P value

1

Esophageal reflux SS
(-0.04)
NS
(0.052)
NS
Abdominal pain SS
(0.042)
NS
(-0.004)
NS
Meal-related distress SS
-0.170
< 0.0001
0.279
< 0.0001
Indigestion SS
(-0.036)
NS
(0.004)
NS
Diarrhea SS
(0.023)
NS
(-0.037)
NS
Constipation SS
(0.062)
0.0431
(0.007)
NS
Dumping SS
(-0.051)
NS
0.113
0.0015
R2 (P value)
0.040
< 0.0001
0.148
< 0.0001
If β is positive, the score of outcome measure of the patients with larger values is higher
The interpretation of effect size
R2
β
None-very small
< (0.100)
< (0.020)
Small
≥ 0.100
≥ 0.020
Medium
≥ 0.300
≥ 0.130
Large
≥ 0.500
≥ 0.260

β

Change in body weight

Table 6 Influence of various symptoms on patients' living status and quality of life (Multiple regression analysis)
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followed by “ability for working” and “necessity for
additional meals”. In particular, “symptoms” and “ability
for working” significantly affected all the integrated
QOL outcome measures with considerable effect
sizes, suggesting that they can be counted as reliable
factors adversely affecting the postoperative QOL of
gastrectomy patients.
“Change in body weight” is often used as an index
which objectively evaluates the physical status of
[21,22,27,28]
postgastrectomy patients
, but in this study,
the influence of “change in body weight” per se on
the postoperative QOL of gastrectomy patients was
unexpectedly small.
In regard to the influence of “type of gastrectomy”
performed, univariate analysis (Table 3) revealed
that many outcome measures for living status and
QOL were significantly worse in the TG group than
in the DG group, with moderate to small effect sizes,
indicating considerable differences in the effects among
the type of gastrectomy. However, the multivariate
analysis (conducted by us) revealed that the influence
of “type of gastrectomy” per se on “dissatisfaction
for daily life SS”, “PCS” and “MCS” was very small,
based on the effect sizes. These results suggest that
the differences in the living status and QOL between
the TG and DG groups were caused not by the direct
influence of the gastrectomy procedures, but rather, by
the indirect influence to the QOL that might affect the
factors such as “symptoms”, “necessity for additional
meals”, and “ability for working”. Other clinical factors
such as “age”, “sex” and “postoperative period” not
shorter than 1 year, had little, if any, or no influence on
the postoperative QOL in gastrectomy patients.
The results of subgroup analysis of the influence of
these clinical factors on the postoperative QOL for each
type of gastrectomy using MRA were similar to those
of the analysis for all type of gastrectomy, suggesting
that multiple clinical factors other than the type of
gastrectomy, i.e., “symptoms”, “necessity for additional
meals” and “ability for working”, have a definite
influence on the QOL of postgastrectomy patients.
Identification of clinical factors affecting the QOL
of gastrectomized patients and obtaining a deeper
understanding of PGS is expected to be useful for the
better management of PGS, besides providing clues
to improve the gastrectomy procedures. Individual
differences in the adaptability to gastrointestinal
dysfunction caused by gastrectomy, patient food
preferences, how to eat meals (e.g., overeating or
eating quickly), etc., are also expected to affect these
clinical factors, and it is desirable to support the
reconstruction of the dietary habits according to the
adaptability of each patient after gastrectomy.
2
MRA showed that the R was 0.606 for “dis
satisfaction for daily life SS”, 0.368 for SF-8 “PCS” and
0.333 for SF-8 “MCS”; thus, among the integrated
2
QOL outcome measures, R for “dissatisfaction for
daily life SS” was exceptionally high. This indicates that
“dissatisfaction for daily life SS” most appropriately
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reflects the influence of all the predictive variables
used in the analysis, and that “dissatisfaction for daily
life SS” is a valid comprehensive index to evaluate the
postoperative QOL after gastrectomy.
The present study revealed that among a variety of
clinical factors, “symptoms” had the greatest influence
on the QOL after gastrectomy. Comparison in greater
detail of the influences of the symptom SS on the
living status and QOL outcome measures by MRA
revealed that “dumping” and “meal-related distress”
had significant and the strongest influence on almost
all of the main outcome measures for the living status
and QOL domains. “Abdominal pain” and “esophageal
reflux” affected some of the outcome measures (“PCS”
and “dissatisfaction for daily life SS”). On the other
hand, “indigestion”, “diarrhea” and “constipation”
scarcely affected the activities of daily life or the
QOL. Thus, our results revealed that the influence on
the daily life activities and QOL of postgastrectomy
patients differed significantly among the various
symptoms. Though it is well known that a variety of
symptoms occurring after gastrectomy decrease the
QOL of postoperative patients, this is the first study
that weighed the size of influence by the nature of
symptoms.
“Dumping” and “meal-related distress” are chara
cteristic symptoms frequently found after gastrectomy,
and are well-known as dumping syndrome and small
[3,29,30]
stomach syndrome, respectively
. The present
study revealed that these symptoms are clinically
extremely important, because they have the greatest
effect of interfering with the daily life activities and
reducing the postoperative QOL of gastrectomy
patients. Thus, improvement of the gastrectomy
procedures to reduce these symptoms will contribute
to the improvement of the postoperative QOL of
gastrectomy patients. Namely, gastrectomy procedures
that preserve the pylorus and prevent dumping (such
as PPG and proximal gastrectomy) may be expected
to reduce dumping symptoms and those that increase
the residual gastric volume (such as a reduced extent
of gastrectomy and creation of a substitute stomach)
may be expected to reduce small stomach symptoms,
which would be clinically useful. Therefore, it would be
desirable to further improve the gastrectomy procedures
with the objective of reducing these symptoms and
to evaluate their efficacy using appropriate patientreported outcome measures.
So far, various questionnaires have been used to
compare the usefulness of gastrectomy procedures
and to evaluate the postoperative QOL. For this
purpose, existing general-purpose disease or symptom
[26,31,32]
specific QOL questionnaires, such as GSRS
,
[12,33]
Gastrointestinal Quality of Life Index
and European
Organization for Research and Treatment of Cancer
Quality of Life Questionnaire; EORTC QLQ-C30 +
[10,13,18,19,21,34-36]
QLQ-STO22
, which were established
for other purposes and had verified reliability and
validity, have been mainly used, because there
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have been no established questionnaires specified
for the postgastrectomy evaluation. However, these
questionnaires are likely to be inadequate for the
clinical evaluation of postgastrectomy patients,
because they do not contain “dumping” and/or “mealrelated distress”, which are symptoms that are wellrecognized as significantly affecting the postoperative
QOL of gastrectomy patients. Actually, our previous
study showed that comparison of the influence of
the 15 symptom items of the GSRS and 8 symp
tom items of the original PGSAS, including dumping
symptoms and meal-related distress, on the living
status and QOL revealed that the effect sizes of the
items on the original PGSAS on most main outcome
measures were much larger than those of the GSRS
[24]
items . Therefore, we consider that it is necessary
to use questionnaires containing both “dumping” and
“meal-related distress” symptoms established for
[24]
postgastrectomy evaluation (such as PGSAS-45 ) in
future studies of the QOL after gastrectomy.
A limitation of this study was that there might
also be unknown clinical factors, in addition to the
predictor variables used in the present analysis, which
could affect the QOL of postgastrectomy patients. It is
necessary to continue to try to find and manage such
possible factors by closely observing the living status
of gastrectomized patients. The presence, if any, of
a strong correlation among the predictor variables
used in MRA would cause statistical instability due to
multicollinearity, leading to a reduction in the reliability
of MRA. Therefore, variance inflation factor (VIF),
which is an indicator of multicollinearity, was calculated
for the predictor variables used in the study. The VIF
values in the MRA shown in Tables 4-6 were 1.0-1.3,
1.0-1.4 and 1.4-2.3, respectively, indicating the
absence of any multicollinearity.
Improvement in the gastrectomy procedures to
reduce PGS is extremely important and continual
efforts to improve the gastrectomy procedures are
also necessary in the future. However, it is difficult
to eliminate PGS only by improving the gastrectomy
procedures. Therefore, attention must be paid to the
other clinical factors that have been found to decrease
the QOL after gastrectomy and it is necessary to
try to improve the lives of postgastrectomy patients
in a composite manner by, for example, sufficient
surveillance and care for PGS in outpatient practice
after gastrectomy. Paying attention to “symptoms”
(in particular, “dumping”, “meal-related distress”,
“abdominal pain” and “esophageal reflux”, which
greatly affect the postoperative QOL), “ability for
working” and “necessity for additional meals” to detect
these abnormalities early and providing appropriate
management and treatment in outpatient practice
after surgery would be expected to contribute to the
improvement of the postoperative QOL of gastrectomy
patients.
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Background

Various clinical problems called postgastrectomy syndrome (PGS) occur after
gastrectomy, which can interfere with the quality of life (QOL) of gastrectomized
patients. To detect potential clinical factors affecting QOL after gastrectomy may
improve prevention and management of PGS.
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Research frontiers

Several previous studies investigated that the type of gastrectomy procedures
affect QOL after gastrectomy. However, other clinical factors affecting
postgastrectomy QOL are poorly understood. The research hotspot is to detect
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affecting postgastrectomy QOL in large population of gastrectomized patients
by multivariate analysis using newly developed postgastrectomy syndrome
assessment scale (PGSAS)-45.
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Several clinical factors such as symptom severity, ability for working and
necessity for additional meals had significant impact on the postoperative QOL
with considerable effect sizes, while the influence of the extent of gastrectomy
was unexpectedly small.
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Paying attention to “symptoms”, “ability for working” and “necessity for additional
meals” may help to detect PGS early and provide appropriate management and
treatment in outpatient practice, which in turn would be expected to improve the
QOL in patients after gastrectomy.

PGS is an organic, functinal, nutritional or metabolic problems after gastrectomy,
which accompanying various symptoms, restriction of food intake, weight loss or
decrease in physical activity, and can interfere with the QOL of gastrectomized
patients.
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Abstract
AIM
To investigate the relationship between pathological
oropharyngeal (OP) acid exposure and esophageal
motility in patients with extra-esophageal syndromes.

Informed consent statement: All study participants provided
informed written consent prior to enrollment.
Conflict-of-interest statement: All authors have no competing
financial, professional or personal interests that might have
influenced the performance or presentation of the study.

METHODS
In this prospective study we enrolled consecutive
outpatients with extra-esophageal symptoms suspected
to be related to gastroesophageal reflux disease (GERD).
We enrolled only patients with a reflux symptom index
(RSI) score-higher than 13 and with previous lung,
allergy and ear, nose and throat evaluations excluding
other specific diagnoses. All patients underwent 24-h
OP pH-metry with the Dx probe and esophageal highresolution manometry (HRM). Patients were divided
into two groups on the basis of a normal or pathological
pH-metric finding (Ryan Score) and all manometric
characteristics of the two groups were compared.

Data sharing statement: The technical appendix, statistical
code and dataset are available from the corresponding author at
passaretti.sandro@hsr.it. Participants gave informed consent for
data sharing. No additional data are available.
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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
We examined 135 patients with chronic extra-esophageal
syndromes. Fifty-one were considered eligible for
the study. Of these, 42 decided to participate in the
protocol. Patients were divided into two groups on
the basis of normal or pathological OP acid exposure.
All the HRM parameters were compared for the two
groups. Significant differences were found in the
median upper esophageal sphincter resting pressure
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(median 71 mmHg vs 126 mmHg, p = 0.004) and the
median proximal contractile integral (median 215.5 cm•
mmHg•s vs 313.5 cm•mmHg•s, p = 0.039), both being
lower in the group with pathological OP acid exposure,
and the number of contractions with small or large
breaks, which were more frequent in the same group.
This group also had a larger number of peristaltic
contractions with breaks in the 20 mmHg isobaric
contour (38.7% vs 15.38%, p < 0.0001).

laryngopharyngeal reflux (LPR) because the standard
impedance probes do not have channels reaching
the upper esophageal sphincter (UES) and pharynx
and traditional pH sensors are poorly reliable when
[3]
positioned in the hypopharynx .
A new oropharyngeal (OP) pH probe, the Dx probe,
is now available, and is more sensitive than traditional
pH sensors for faithfully monitoring the pH in the
[4-6]
oropharynx . It is still not clear why in some patients
the GER is limited to the distal esophagus while in
others it extends to the proximal esophagus and
above the UES, where it can cause extra-esophageal
[7]
manifestations by a direct mechanism . In order to
assess whether esophageal motility plays a role in
the proximal extension of reflux, various studies have
examined patients with extra-esophageal symptoms
using 24-h esophageal pH-metry (some also with
a proximal pH-probe) and conventional esophageal
[8-11]
manometry, but results have been discordant
.
Esophageal high-resolution manometry (HRM) records
esophageal motility more reliably than conventional
[12]
manometry .
The aim of this study in patients with extraesophageal syndromes was to assess, for the first
time, the relationship between pathological OP
acid exposure, examined with the Dx probe, and
esophageal motor characteristics, assessed by HRM.

CONCLUSION
In patients with suspected GERD-related extraesophageal syndromes pathological OP acid exposure
was associated with weaker proximal esophageal
motility.
Key words: esophagus; Motility; Oropharyngeal reflux;
gastroesophageal reflux disease; High resolution
manometry; pH-metry
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A new oropharyngeal (OP) pH probe now
available is more sensitive than traditional pH sensors
for faithfully monitoring the pH of OP reflux, and the
latest high-resolution esophageal manometry offers
a major advance in defining esophageal motility
abnormalities compared to conventional manometry.
This study compares these two techniques, for the
first time, and indicates that in patients with extraesophageal syndromes pathological OP acid exposure is
associated with weaker proximal esophageal motility.

MATERIALS AND METHODS
Patients and study design

From October 2011 to March 2013 we prospectively
enrolled consecutive patients referred to the gastro
enterology outpatient unit of our tertiary center for
chronic (> 6 mo) suspected GERD-related extra[1]
esophageal syndromes . In order to increase the
probability of identifying a subgroup of patients in this
population with pathological OP acid exposure, we
enrolled only patients with a reflux symptom index
[13,14]
(RSI) score higher than 13
and with previous
lung, allergy and ENT evaluations excluding other
specific diagnoses. Other exclusion criteria were:
history of thoracic or gastric surgery, dysphagia and
known esophageal motility disorders. All the patients
underwent 24-h OP pH-monitoring with the Dx probe
and esophageal HRM. We compared all the esophageal
motility parameters with the OP pH-metry profile.
The protocol was approved by the hospital’s medical
ethics committee. Informed consent was obtained for
procedures and for data management for scientific
purposes.

Passaretti S, Mazzoleni G, Vailati C, Testoni PA. Oropharyngeal
acid reflux and motility abnormalities of the proximal esophagus.
World J Gastroenterol 2016; 22(40): 8991-8998 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i40/8991.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i40.8991

INTRODUCTION
Gastro-esophageal reflux disease (GERD) is very
common in Western countries, with a prevalence of
[1]
typical manifestations of 10%-20% . In the last few
years, ear, nose and throat (ENT) specialists have
increasingly attributed a range of atypical manife
stations to GERD. In 2006 an international Consensus
Group developed a global classification of GERD
manifestations, grouping them as either esophageal or
[1]
extra-esophageal syndromes .
It is hard to calculate the prevalence of extraesophageal syndromes because of their multifactorial
etiology and the difficulty of establishing a clear cause[2]
effect relationship between reflux and symptoms .
The “gold standard” for determining a pathological
gastro-esophageal reflux (GER), 24-h esophageal pHimpedance, is not totally reliable for the diagnosis of

WJG|www.wjgnet.com

RSI questionnaire

The RSI is a self-administered nine-item questionnaire
for symptoms assessment in patients with suspected
LPR. The score for each item ranges from 0 (no
problem) to 5 (severe problem), up to a maximum of
[13]
[14]
45 . Schindler et al developed the validated Italian
form of the RSI, which is easily administered, highly
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PCI = 327.8 mmHg•cm•s

PCI = 220.5 mmHg•cm•s

Figure 1 The proximal contractile integral. The proximal contractile integral (PCI) is calculated applying the same algorithm used for the distal contractile integral
to quantify contractile pressure exceeding 20 mmHg in the region outlined by the white line. The high- resolution manometry tracing on the left refers to a patient with
pathological oropharyngeal (OP) acid exposure (weaker PCI = lighter colors), while the tracing on the right refers to a patient with normal OP acid exposure (stronger
PCI = darker color).

reproducible, and ensures excellent clinical validity.

results of pH tracings, using a dedicated software
program (Medical Measurement System Database
Software, V8.23a, The Netherlands). All manometric
parameters were calculated for each swallow and the
contraction patterns were classified according to the
[16]
Chicago Classification v3.0 . The metrics analyzed
included: sphincters lengths and resting pressures,
lower esophageal sphincter (LES) integrated relaxation
pressure (IRP-4s) and distal contractile integral (DCI),
[15-17]
as previously defined
. We also calculated the
proximal contractile integral (PCI, Figure 1), applying
the same algorithm as for the DCI, to quantify
contractile pressure exceeding 20 mmHg for the
region spanning from the lower border of the UES to
[18-20]
the transition zone (TZ)
. The individual swallow
patterns were classified as peristaltic, premature (distal
latency-DL < 4.5 s), hypercontractile (DCI > 8000
mmHg•s•cm), failed (DCI < 100 mmHg•s•cm), weak
(DCI < 450 mmHg•s•cm), and fragmented contraction
(defect in the 20-mmHg isobaric contour of the
[16]
peristaltic contraction > 5 cm) . We also evaluated,
according to Chicago Classification v2.0, contractions
[15]
with small defects (between 2 and 5 cm long) .

Oropharyngeal pH-monitoring

For OP pH-monitoring we used the Dx-pH measurement
system (Restech - Respiratory Technology Corporation,
San Diego, CA, United States). The Dx sensor was
calibrated in pH 7 and 4 buffer solutions before use.
The probe was inserted transnasally and positioned
so that the flashing light-emitting diode at its tip was
[5]
5-10 mm below the uvula . Patients were asked to
keep a diary during the recording period, indicating
the times they spent sleeping or orthostatic and the
times when they ate or drank and brushed their
teeth; these periods were excluded from the analysis.
After the 24-h recording the data were downloaded
to a dedicated software program (DataView Lite V3,
Respiratory Technology Corporation) and pH tracings
were all assessed by a single operator (SP) (GM), who
was blinded to the manometric results. Ryan Scores
were calculated for the supine and upright positions;
these composite scores use 5.0 and 5.5 pH thresholds
respectively and combine three parameters: (1) the
number of reflux episodes; (2) the duration of the
longest episode; and (3) the percentage of time below
the defined threshold. Scores higher than 9.41 in the
upright position and/or higher than 6.81 in the supine
[6]
position denoted pathological OP acid exposure .

Statistical analysis

For demographic and clinical characteristics we used
a parametric analysis with Student’s t (Table 1) or
Fisher’s exact test (Figure 2) to test the significance
of differences. For metrics regarding esophageal
sphincters and the strength of esophageal contraction
(Table 2) first we tested the data distribution with
the Kolmogorov-Smirnov test. As the data were
not normally distributed we used the median, 95%
confidence interval and Mann-Whitney U test for
independent samples. For the contraction patterns
(Table 3) we used the chi-square test to analyze the
differences between the two groups, considering all
the subtypes of pattern. As this test gave a significant
result (chi-square 26.8, p = 0.0001) we were
authorized to make multiple comparisons between

HRM

Manometric studies were done using a system
(Solar GI HRM, Medical Measurement System, The
Netherlands) with a catheter with 36 circumferential
solid-state pressure sensors spaced at 1-cm intervals
(UniTip High Resolution Kateter 12F, Unisensor,
Attikon, Switzerland). Patients fasted overnight then
the catheter was placed transnasally, positioned to
record from the hypopharynx to the stomach. The
manometric protocol was done with patients supine
and consisted of a 5-min period to assess basal
[15-17]
sphincter pressures, and ten 5-mL water swallows
.
Data were analyzed by a SP, who was blinded to the
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Lump in the throat

Table 3 Contraction patterns

Throat clearing
Hoarseness
Cough

No. of correct
swallows
No. of peristaltic
contractions
(without breaks)
No. of failed
contractions
No. of peristaltic
contractions with
small breaks
No. of peristaltic
contractions with
large breaks
No. of premature
contractions
No. of rapid
contractions

Burning throat
Sore throat
Post nasal drip

Normal
Pathological

Granuloma
Recurrent pneumonia
Vocal cord carcinoma
Asthma
0

5

10

15

20

Number of patients

Figure 2 Clinical manifestations of the study population. Number of
patients with normal or pathological oropharyngeal acid exposure. Differences
between groups are not statistically significant.

Table 1 Patients’ main clinical characteristics

No. of patients
Male/female (% of male)
Mean age (years ± SD)
Mean BMI (± SD)
Mean RSI score
No. of patients with typical
esophageal symptoms

P value

OP pH-

OP pH+

184

240

154/182 (84.61%)

144/235 (61.27%)

2/184 (1.08%)

5/240 (2.08%)

21/182 (11.95%)

68/235 (28.93%)

< 0.01

7/182 (3.84%)

23/235 (9.78%)

< 0.01

0

0

0

0

< 0.01

Normal (OP pH-) or pathological (OP pH+). OP: Oropharyngeal.

OP pH-

OP pH+

18
8/10 (44%)
52.52 ± 11.71
24.50 ± 3.71
18.00
8/18 (44.44%)

24
6/18 (25%)
50.51 ± 14.73
24.32 ± 3.61
17.80
9/24 (37.50%)

of a normal (OP pH-) or pathological (OP pH+) OP acid
exposure. The clinical characteristics of the two groups
did not significantly differ (Table 1 and Figure 2). All
the HRM parameters for the two groups are compared
in Tables 2 and 3. Significant differences were found
between the two groups in the median UES resting
pressure and the median PCI, both lower in patients
with pathological OP acid exposure, and the number of
contractions with small and large breaks, which were
more frequent in the same group.

Normal (OP pH-) or pathological (OP pH+). OP: Oropharyngeal; RSI:
Reflux symptom index; BMI: Body mass index.

Table 2 Esophageal sphincters and strength of contractions
OP pHUES length (cm)
UES resting pressure
(mmHg)
PCI (cm•mmHg•s)
DCI (cm•mmHg•s)
LES length (cm)
LES resting pressure
(mmHg)
LES 4s-IRP (mmHg)

4.2 (4.0-4.7)
126.0 (96.3-59.7)

OP pH+
4.3 (4.1-4.8)
71.0 (60.8-110.6)

313.5 (243-489)
2612 (1121-3195)
4.65 (3.8-5.1)
28.0 (19.8-34.1)

215.5 (103-290)
1540 (951-2921)
5.15 (4.1-5.5)
26.0 (20.8-30.8)

12.6 (8.0-17.4)

14.2 (11.4-19.1)

DISCUSSION

P value

LPR has been diagnosed increasingly frequently in
recent years, but often only on the basis of aspecific
laryngoscopic findings, common in asymptomatic
[21,22]
people too
. This over-diagnosis poses an important
economic burden for the assessment and treatment
[23]
of these patients, which often unsatisfactory . Ex
adiuvantibus therapy, with double- dose proton pump
inhibitors for long periods (3-6 mo), often achieves
a partial response due to the placebo effect or to
[7,24]
the multifactorial etiology of these symptoms
.
Regrettably, 24-h pH-impedence is not reliable for the
diagnosis of LPR because the standard impedance
probes do not have channels reaching the UES and
pharynx and traditional pH sensors are poorly reliable
when positioned in the hypopharynx. In particular,
traditional pH sensors, when positioned in the
hypopharynx, are prone to drying out and may cause
[3]
pseudo-reflux due to artifacts .
Recently, two new devices that overcome these
limitations have been introduced for the detection of
[4-6]
LPR: OP pH-metry (Respiratory Technology Corp.)
and hypopharyngeal multichannel intraluminal
[25,26]
impedence (Sandhill Scientific Inc.)
. We used the
OP Dx probe to detect acid reflux in the oropharynx

< 0.05
< 0.05

Data are presented as median and 95%CI. UES: Upper esophageal
sphincter; PCI: Proximal contractile integral; DCI: Distal contractile
integral; LES: Lower esophageal sphincter; IRP: Integrated relaxation
pressure.

each subtype of contraction using Fisher’s exact test.
Probability < 5% was considered significant.

RESULTS
We evaluated 135 patients with chronic extraesophageal syndromes. Fifty-one were considered
eligible. Of these, 42 decided to participate in the
protocol; Figure 2 summarizes their main clinical
manifestations.
Patients were divided into two groups on the basis
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of patients with clinically suspected LPR. This sensor
measures the pH of both liquid and aerosolized
droplets in the posterior oropharynx, avoids drying,
does not require contact with fluid or tissue for
electrical continuity and has a teardrop shape with the
sensor oriented downward to avoid becoming covered
[5]
with food or mucus . The Dx probe is more sensitive
[4]
than traditional pH monitoring for detecting LPR . It
can not distinguish healthy volunteers from subjects
[27]
with laryngeal and reflux symptoms , but it can
identify patients who respond to medical or surgical
[28,29]
treatment of GERD
.
We considered OP acid exposure as normal or
pathological according to Ryan scores. These composite
[6]
scores were calculated by Ayazi et al using the pH
thresholds that are best for defining abnormal OP pH.
In this study we included patients with clinically
suspected LPR, i.e. with extra-esophageal symptoms
and a RSI score higher than 13 and with previous
lung, allergy and ENT evaluations excluding other
causes of symptoms. In this population we could
identify a subgroup in which a pathological LPR was
objectively established by 24-h OP pH-monitoring. As
far as we know, it is still not clear why some patients
have GER limited to the distal esophagus while in
others it extends to the proximal esophagus and
above the UES. Seeking an answer to this question,
different studies have used conventional manometry
to assess esophageal motor function in GERD patients.
In patients with typical syndromes esophago-gastric
junction (EGJ) impairment and ineffective esopha
geal motility (IEM) were strongly implicated in the
[30]
development of GERD
and the prevalence of these
abnormalities rose with the severity of the reflux
[31]
disease . In contrast, there are few and discordant
data about motility abnormalities in patients with
[8-10,32]
[8]
extra-esophageal syndromes
. Fouad et al
found IEM significantly more often in patients with
GERD and chronic cough (41%) or asthma (53%)
and numerically more often in patients with GERD and
laryngitis (31%) than in patients with heartburn (19%).
[9]
DiBaise et al reported no significant difference in
motility parameters between GERD patients with
typical symptoms and those with extra-esophageal
[10]
symptoms alone. Patti et al reported that in patients
who had pH < 4 in the proximal esophagus for more
than 3% of the time, the LES was weaker and shorter
and UES pressures and peristalsis amplitude lower.
HRM offers a major advance in defining esophageal
[12]
motility abnormalities . It employs numerous closely
spaced pressure sensors, which overcomes the
problem of movement-related artifacts for esophageal
sphincters and can reveal the segmental character of
esophageal peristalsis and the anatomy of the EGJ.
[33]
Daum et al showed that the frequency of esophageal
dysmotility in GERD patients was higher using HRM
than conventional manometry.
There are only few HRM studies so far in patients
[34,35]
with extra-esophageal syndromes
and most have
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been done on patients who had an indirect diagnosis of
LPR, based on clinical manifestations, positive response
to antisecretory therapy or pathological esophageal
pH (more frequently) or pH-impedance monitoring,
which is not altogether reliable for detecting LPR. As
we discussed above, in most cases the motility has not
really been assessed in a population with established
LPR. We studied patients with extra-esophageal
syndromes using OP pH-monitoring and HRM in
order to find out whether there was a motility pattern
characteristic of patients with established pathological
LPR. Objective identification of LPR is essential to
define a population of true patients in which the LPR
is proven, not just assumed. We compared all the
motility parameters that can be obtained with HRM
for patients with pathological OP acid exposure and
those with a normal result. The aim of this study was
to correlate HRM and OP pH-metry and this is the first
comparison of the two techniques. The study did not
aim to assess the correlation between manometric
features and extra-esophageal syndromes.
The parameters that differed significantly in the
two groups were the median UES resting pressure,
the median PCI and the number of contractions with
small or large breaks. All these parameters are hard to
[12,33]
assess with conventional manometry
. The median
UES resting pressure was significantly lower in patients
with pathological OP acid exposure. UES incompetence
[36,37]
is necessary for LPR
. A recent study showed that
LPR (video-endoscopically documented) could be
induced by slow esophageal liquid infusion in patients
with a clinical diagnosis of GERD-related extraesophageal syndromes but not in healthy controls, and
that the application of 20-30 mmHg cricoid pressure
significantly raised UES intraluminal pressure and
[38]
prevented the LPR . A new, individually fitted UES
®
assist device (Reza-Band ) to be worn at night has
been recently marketed and seems to prevent LPR.
Even though the PCI metric is not included in
the Chicago Classification, it has been evaluated
in a few published studies, including patients with
[18-20]
extra-esophageal symptoms
. We found it was
significantly lower in the group with pathological OP
acid exposure. Possibly, therefore, lower proximal
esophageal contractile function may lead to less reflux
clearance, which would allow the reflux to extend
proximally. Clearly, however, it is also possible that a
reflux with proximal extension may lead to impairment
of upper esophageal motility.
Finally, patients with pathological OP acid exposure
had significantly more contractions with small or large
breaks in the 20 mmHg isobaric contour between
UES and EGJ. The Chicago Classification 2012 dis
tinguishes small (2-5 cm long) and large (> 5 cm)
[15]
breaks as subtypes of weak peristalsis , while the
HRM Working Group for Chicago Classification v3.0
proposes considering small breaks as normal and only
[16]
large breaks as fragmented contractions . However,
in our series both types of break were significantly
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Terminology

more frequent in the group with pathological OP
acid exposure. The significantly larger number of
contractions with breaks in these patients might
[39]
conceivably result in ineffective reflux clearance .
The low- pressure segments anatomically correspond
to the TZ from striated to smooth esophageal muscle,
[40]
where the muscle types are imbricated ; an area
of extreme hypotensive peristalsis correlates with
[41]
incomplete bolus transit . HRM combined with
multichannel impedance may help clarify when the
manometric characteristics in patients with pathological
OP acid exposure are really associated with delayed
reflux clearance. A recent study using this technique in
patients with typical GERD reported that those with a
pathological number of large breaks had significantly
slower reflux clearance (BCT) in the supine position
[42]
and longer acid exposure time .
The motility features of the distal esophagus (DCI,
LES resting pressure and 4s-IRP) did not significantly
differ in the two groups in this study but this is not
really surprising; even in patients with normal distal
reflux, the lack of effective proximal reflux clearance
might allow a small amount of reflux to flow up from
the distal esophagus to the larynx and pharynx, where
even a single episode of LPR is considered patho
[25,43]
logical
.
In conclusion, this study compared, for the first
time, the results of OP pH monitoring and esophageal
HRM. We found a significant correlation between pathophysiological features, particularly pathological OP
acid exposure and esophageal motility. Further studies
are now needed to establish whether the motility
characteristics we found in patients with pathological
OP acid exposure are the cause or consequence of
pathological acid reflux.

According to the Montreal classification of gastro-esophageal reflux disease
(GERD), the manifestations of the disease are divided into esophageal and
extra-esophageal syndromes. Extra-esophageal syndromes are further divided
into syndromes with an established association with GERD (cough, laryngitis,
asthma, dental erosion) and syndromes with a proposed association with
GERD (pharyngitis, sinusitis, idiopathic pulmonary fibrosis, recurrent otitis
media). “LPR” is the term used to define the reflux of gastric content through
the esophagus, reaching the upper UES and pharynx.

Peer-review

This study is deemed worthwhile since the authors investigated the relationship
between pathological acid exposure and esophageal motility in patients with
extra-esophageal syndromes suspected to be related to GERD. The authors
also suggest that pathological OP acid exposure is associated with weaker
proximal esophageal motility in patients with suspected GERD-related extraesophageal syndromes. Although the results and discussions will satiate the
readers’ interest, I have some comments mentioned below.
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Abstract
AIM
To determine the overall and comparative risk of
procedure related perforation of balloon assisted
enteroscopy (BAE) in Crohn’s disease (CD).
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METHODS
Systematic review (PROSPERO #CRD42015016381)
of studies reporting on CD patients undergoing BAE.
Seventy-three studies reporting on 1812 patients
undergoing 2340 BAEs were included. Primary outcome
of interest was the overall and comparative risk of
procedure related perforation of diagnostic BAE in
CD. Secondary outcomes of interest were risk of
procedure related perforation of diagnostic double
balloon enteroscopy (DBE), risk of procedure related
perforation of therapeutic BAE, efficacy of stricture
dilation, and clinical utility of endoscopically assessing
small bowel disease activity.
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RESULTS
Per procedure perforation rate of diagnostic BAE in
CD was 0.15% (95%CI: 0.05-0.45), which was similar
to diagnostic BAE for all indications (0.11%; IRR =
1.41, 95%CI: 0.28-4.50). Per procedure perforation
rate of diagnostic DBE in CD was 0.12% (95%CI:
0.03-0.44), which was similar to diagnostic DBE for all
indications (0.22%; IRR = 0.54, 95%CI: 0.06-0.24).
Per procedure perforation rate of therapeutic BAE in
CD was 1.74% (95%CI: 0.85-3.55). Eighty-six percent
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lacks therapeutic capability
.
Balloon assisted enteroscopy (BAE) offers the
advantage of providing both diagnostic (mucosal
biopsies) and therapeutic (stricture dilation) potential,
but its use in CD is currently limited to symptomatic
patients with negative ileocolonoscopy, VCE, and/
or cross sectional imaging, and the feasibility and
diagnostic utility of routine BAE in clinical practice
[20,25-29]
for CD is yet to be established
. Therefore,
we performed a systematic review of the literature
to quantify the safety and therapeutic utility of this
endoscopic technique. We anticipate these data will
help to better characterize the growing importance of
BAE in CD.

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

MATERIALS AND METHODS

of therapeutic perforations were secondary to stricture
dilation. Dilation was attempted in 207 patients and
30% required surgery during median follow-up of 18
months. When diagnostic BAE assessed small bowel
disease activity, changes in medical therapy resulted in
endoscopic improvement in 77% of patients.
CONCLUSION
Diagnostic BAE in CD has a similar rate of perforation
as diagnostic BAE for all indications and can be safely
performed in assessment of mucosal healing.

Data sources and search strategy

Core tip: Crohn’s disease (CD) affects the small bowel
in up to 60% of patients, but evaluation of small bowel
disease is often difficult. Balloon assisted enteroscopy
(BAE) can evaluate the small bowel but its safety and
diagnostic utility is not established. This systematic
review includes 73 studies reporting on 1812 patients
undergoing 2340 procedures to evaluate its safety and
possible utility. We found that diagnostic BAE in CD had
a similar rate of perforation as diagnostic BAE for all
indications, suggesting BAE is a safe method for small
bowel evaluation in CD.

The following databases were searched in October
2015: MEDLINE (PubMed, January 1946 to October 3,
2015); Cochrane Central Register of Controlled Trials
(Wiley, 2015); and Embase (Embase.com, January
1974 to October 3, 2015). The search included in
dexed terms and text words to capture the following
concepts: CD and balloon enteroscopy. There were
no language or study design restrictions. The search
strategy was adjusted for the syntax appropriate for
each database. The reference lists of included articles
and review articles were examined for additional
relevant studies. The full search strategy, a priori, is
available at the international prospective register of
systematic reviews (PROSPERO #CRD42015016381).

Arulanandan A, Dulai PS, Singh S, Sandborn WJ, Kalmaz D.
Systematic review: Safety of balloon assisted enteroscopy in
Crohn’s disease. World J Gastroenterol 2016; 22(40): 8999-9011
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i40/8999.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i40.8999

Study selection and extraction

Studies were included for analysis if they met the
following inclusion criteria: Randomized controlled
trials, cohort studies, published meeting abstracts, or
case series of 5 or more consecutive patients with CD,
undergoing BAE for diagnostic or therapeutic purposes.
Review articles and studies with fewer than 5 patients
with CD were excluded. Studies with insufficient data
for adverse outcomes and follow-up were excluded
only after attempting to contact the primary author(s).
The included population was patients of all ages with
CD undergoing BAE for diagnostic and/or therapeutic
purposes with clearly reported adverse outcomes.
Comparative studies to assess diagnostic performance,
therapeutic utility, and safety of BAE were included.
Two reviewers (Arulanandan A and Dulai PS)
independently evaluated each of the articles for
eligibility. Inclusion decisions for each article were
made independently based on the eligibility criteria,
with disagreements being resolved by a third reviewer
(Kalmaz D) and consensus. A reviewer (Arulanandan
A contacted the primary author(s) as required to
obtain any necessary missing data from the original
publications and because no language restrictions
were applied, publications were translated into English
as required. The reviewers followed the Preferred

INTRODUCTION
Crohn’s disease (CD) is a debilitating chronic inflam
matory bowel disease (IBD), which if left untreated,
leads to penetrating complications (strictures, fistulae,
[1-3]
abscesses)
. Frequent disease activity assess
ment with the intent of adjusting therapy has been
demonstrated to significantly reduce the risk of disease
[4-10]
related complications
. Small bowel involvement
in CD is reported to occur in up to 60% of patients,
with nearly 30% of patients having isolated small
[11-13]
bowel disease
. Conventional upper and lower
endoscopy, however, are limited in their ability to
[14-18]
assess small bowel disease activity
, and clinical
or biochemical markers of disease activity infrequently
[19]
correlate with small bowel mucosal inflammation .
The presence of inflammation cannot be reliably
[20]
excluded by radiological imaging alone , and video
capsule endoscopy (VCE) carries a risk for capsule
retention in structuring or penetrating disease and it
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Embase

PubMed/medline

n = 174

Cochrane

n = 73

n = 391

Search results combined and duplicates excluded

Screened based on title (n = 435)
Excluded: VCE (n = 38), SE (n = 10),
case report (n = 25), non-IBD (n = 44)
Screened based on abstract (n = 318)
Excluded: review (n = 57), case report (n = 20),
non-BAE (n = 21), non-CD (n = 11)
Screened based on manuscript (n = 209)
Excluded: < 5 CD patients (n = 82), non-BAE (n = 14),
duplicate patients (n = 19), insufficient data (n = 21)
Included studies (n = 73)

Figure 1 Studies identified and reasons for exclusion. VCE: Video capsule endoscopy; SE: Spiral enteroscopy; IBD: Inflammatory bowel disease; BAE: Balloonassisted enteroscopy; CD: Crohn’s disease.

Reporting Items for Systematic Reviews and MetaAnalyses standards for systematic review.

The STATA “incidence ratio (IR)” command (version
10.0; STATA, College Station, TX, United States) was
used to make comparisons for perforation rates, and
the relative rates for perforation were calculated as
incidence rate ratios (IRRs).

Outcomes

Our primary outcome of interest was the safety of
diagnostic BAE [single (SBE) or double (DBE) balloon
enteroscopy) in CD, for which we calculated per
procedure perforation rate and compared that to per
procedure perforation rate when using diagnostic BAE
for all indications. The expected rate of perforation
when utilizing diagnostic BAE for all indications was
[30]
derived from a Japanese database of 29068 patients .
Secondary outcome of interest was the safety of
diagnostic DBE in CD, for which we calculated per
procedure perforation rate and compared that to per
procedure perforation rate when using diagnostic DBE
for all indications. The expected rate of perforation
when utilizing diagnostic DBE for all indications was
[31]
derived from a systematic review of 9047 DBEs .
Other outcomes of interest were risk of procedure
related perforation of therapeutic BAE, efficacy of
stricture dilation, and clinical utility of endoscopically
assessing small bowel disease activity.

RESULTS
Patient and study characteristics

Of the 638 studies identified, 73 studies reporting on
1812 CD patients undergoing 2340 BAE procedures
(DBE: n = 2027, SBE: n = 187, BAE not-specified: n
[28,33-104]
= 126) were included in the final analysis
(Figure
1, Tables 1 and 2). The majority of studies involved
[28,33,34,36-40,42-47,51-56,58,61-78,8
international institutions (85%)
[34,35,37-43,4
0-93,96,97,99-105]
, reporting retrospectively (74%)
7-51,53-57,59,60,62,63,65,67-69,71-73,75-85,87-91,93-96,99,101,102,104]
, on their
experience with BAE. Of the 1812 patients included
in the analysis, 597 (33%) were newly diagnosed
with CD and 1215 (67%) had a known diagnosis of
CD prior to undergoing BAE. Among the patients with
known CD where the indication for the procedure was
clearly documented, BAE was performed primarily
for monitoring of disease activity (61%), known
strictures (16%), or small bowel obstruction (4%).
One thousand nine hundred and thirty-eight BAE (83%)
were diagnostic and 402 BAE (17%) were therapeutic
procedures.
The 3 prospective randomized controlled trials
identified in our search reported on a total of 37 CD
[44,52,61]
patients
. Two of these studies compared DBE
[52]
to SBE and found DBE to have comparable
or

Statistical analysis

We used the random-effects model described by
DerSimonian and Laird to calculate pooled rates (and
95%CI) of perforation with BAE, stratified by indication
[32]
(diagnostic vs therapeutic) . Due to lack of consistent
reporting in multiple studies, we did not perform a
quantitative meta-analysis of factors associated with
perforation, but rather discussed them qualitatively.
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Table 1 Study demographics n (%)

Published manuscripts
United States center
Prospective
Published pre-2010
Crohn’s patients per study
5-10
11-25
> 25
Age, mean ± SD

BAE studies, n = 73

DBE, n = 60

SBE, n = 11

Patients, n = 1812

n = 1509

n = 187

47 (64)
11 (15)
19 (26)
18 (25)

39 (65)
9 (15)
14 (23)
17 (28)

8 (72)
0 (0)
6 (55)
1 (10)

26 (36)
25 (34)
22 (30)
42.9 ± 15.4

23 (38)
20 (33)
17 (28)
42.4 ± 15.5

3 (27)
5 (45)
3 (27)
45.0 ± 15.8

Three studies and 116 patients were solely reported as “balloon assisted enteroscopy”; 1 study included both DBE and
SBE. DBE: Double balloon enteroscopy; SBE: Single balloon enteroscopy; BAE: Balloon assisted enteroscopy.
[28,33

[44]

a median follow-up period of 18 mo (range 10-70)
(Figure 2). Stricture dilation was performed
in 171 patients, resulting in 5 perforations (all at de
novo CD stricture sites) and 166 technically successful
dilations. Dilation was not attempted in 36 patients
due to: inability to insert scope up to stricture site (n
= 8), inability to maintain guide wire or through-thescope balloon at correct position of the stricture (n = 5),
stricture length or severe angulation (n = 4), severe
inflammation (n = 6), the presence of intra-abdominal
adhesions that prohibited advancement of the DBE (n
= 2), a perforation during overtube advancement at
an anastomotic site (n = 1), and/or non-obstructing
or severely ulcerated strictures (n = 10). During
follow-up, of the 166 patients where stricture dilation
was technically successful, 72 (43%) required repeat
stricture dilation and 42 (25%) patients required
surgery for persistent symptoms.
Of the remaining 200 patients, 173 had clearly
reported outcomes regarding changes in medical
[28,36,86,88,91]
therapy and treatment response
. Based
on BAE findings, 139 (80%) patients either initiated
therapy with an immunomodulator (azathioprine or
methotrexate, n = 83), initiated therapy with an antitumor necrosis factor agent (n = 52), or they were
switched from one anti-tumor necrosis factor agent to
another (n = 4). Seven (4%) patients required surgery,
and the remaining either refused a step-up in medical
therapy (n = 9, 5%) or they had no change in medical
therapy needed (n = 18, 10%). Of the 139 patients
where a change in medical therapy was performed, 92
(66%) achieved clinical remission at the first follow-up
[28,36,86,88]
(as defined by the cd activity index)
. Repeat
BAE was performed in 133 patients with a majority
achieving endoscopic improvement in disease activity
[28,36,86,88]
or complete healing of mucosal lesions (62%)
.
A third follow-up BAE was performed in 113 patients,
and rates of complete or nearly-complete mucosal
healing improved from 29% (n = 33) to 43% (n = 57)
[86]
with changes in therapy based on BAE results .

superior efficacy and diagnostic yield , while the
other suggested that fluoroscopy increases insertion
[61]
depth . The largest prospective cohort study included
193 patients from 62 endoscopic centers in Germany
over a 2-year span and had no perforations in CD
[64]
patients .

-40,85,86,88,91]

Safety of BAE

The rate of perforation with diagnostic BAE in CD (1.5
per 1000 procedures) was similar to that reported
when utilizing diagnostic BAE for all indications (1.1
per 1000 procedures, IRR = 1.41, 95%CI: 0.28-4.50).
The rate of perforation with diagnostic DBE in CD (1.2
per 1000 procedures) was similar to that reported
when utilizing diagnostic DBE for all indications (2.2
per 1000 procedures, IRR = 0.54, 95%CI: 0.06-2.24).
The rate of perforation with therapeutic BAE in CD was
1.74% (Tables 3 and 4).
Among 1812 patients who underwent a total of
2340 procedures, there were 8 reported perforations
with DBE (per procedure 0.39%, 95%CI: 0.12-0.66,
[33-35,48,49,85,91,9
per patient 0.53%, 95%CI: 0.16-0.90)
4,96]
, 1 reported perforation with SBE (per procedure
[96]
and per patient 0.53%, 95%CI: 0.0-1.57) , and 1
perforation with BAE not otherwise specified. Of the
8 DBE perforations, 5 were during dilation of de novo
CD strictures and the other 3 were during diagnostic
evaluations of an adhesion site, an anastomosis
stricture, and a site that was not specified. The 1
SBE perforation was during dilation of a de novo
CD stricture site. This equated to an overall per
procedure and per patient perforation rate of 0.43%
(95%CI: 0.16-0.67) and 0.55% (95%CI: 0.21-0.89),
respectively, for BAE in CD including both diagnostic
[94]
and therapeutic procedures . There was minimal
2
heterogeneity among studies (I = 0).

Follow-up and impact of BAE on medical and surgical
management

Follow-up after BAE was reported in 407 patients with

WJG|www.wjgnet.com

9002

October 28, 2016|Volume 22|Issue 40|

Arulanandan A et al . Balloon assisted enteroscopy in CD
Table 2 Studies involved international institutions on their experience with balloon assisted enteroscopy
Study

Published
manuscript

Akarsu et al[90]
Aktas et al[95]
Aktas et al[92]
Arihiro et al[96]
Bartel et al[41]
Bartel et al[49]
Bartel et al[50]
Chen et al[84]
Choi et al[82]
de Ridder et al[97]
Despott et al[33]
Di Caro et al[51]
Di Nardo et al[98]
Ding et al[85]
Domagk et al[52]
Dutta et al[99]
Fan et al[28]

X

Gill et al[34]
Halloran et al[35]
Hirai et al[91]
Huang et al[53]
Jang et al[42]
Jeon et al[54]
Lakatos et al[55]
Li et al[43]
Liu et al[56]
Lurix et al[57]
Maaser et al[58]
Mann et al[59]
Mann et al[60]
Manner et al[61]
Manno et al[100]
May et al[44]
Mensink et al[36]
Milewski et al[62]
Moreels et al[63]

X

Morise et al[89]
Morishima et al[37]
Moschler et al[64]
Nakano et al[47]
Navaneethan et al[94]
Ohmiya et al[38]
Parker et al[65]
Pata et al[66]

2010-present United States

X

X
X
X
X
X
X
X
X
X

X
X
X

X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

X
X

X
X
X
X
X
X
X
X

Prospective

X
X
X

X

X
X

X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X
X

X
X
X
X

X

X

X
X
X
X

X
X
X

X
X

X

Peng et al[67]
Pohl et al[39]
Qing et al[68]
Rahman et al[48]

X
X
X

Roushan et al[83]

X

X

Russo et al[101]
Safatle et al[93]
Schulz et al[69]
Seiderer et al[70]
Shen et al[71]
Shi et al[72]
Sidhu et al[73]
Sun et al[74]
Takenaka et al[45]
Tsujikawa et al[102]
Uchida et al[75]
Urs et al[76]

X

X
X
X
X

X

X

X

X
X
X
X
X
X
X
X
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X

X
X
X
X
X

X
X

X

9003

Mean age

Patients

Procedures

Therapeutic

Perforations

47.8
53
51
56.3
52.6
54.3
62.7
51
43.5
15
46.4
52
13
39
52
42
Not
reported
52.7
44.8
36
10
32.7
36.4
51.6
49
8.5
59
54.9
59
59
56
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53
53
45
Not
reported
13
36
35.4
64
56.8
41
48
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reported
53
Language1
36
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reported
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reported
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13
61.2
52
52
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48.9
12.9

39
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31
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7
15
8
7
14
11
7
26
12
11
14
77
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7
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7
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7
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14
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0
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0
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0
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0
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7
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13
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59
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7
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39
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11
9
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0
0
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0
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0
0
0
1
0
0
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0

2
1
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0
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0
0
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36
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0
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0
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9
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0
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0
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1
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0
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19
7
55
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Language: Unable to translate full manuscript, data was extracted from abstract which did not disclose age.

stricture dilation were at ulcerated sites, and at least
two of the perforations were in patients with previous
stricture dilations. As the alternative to symptomatic
strictures is surgical resection or strictureplasty, our
results suggest that stricture dilation via BAE can
be done in accessible, short-length symptomatic
strictures, and it has better performance in anasto
motic strictures, but it may need to be avoided in
presence of significant CD-related inflammation.
The relative excess risk of endoscopy associated
perforations among IBD patients as compared to
non-IBD patients has previously been demonstrated,
with disease severity and steroid use (a surrogate for
disease activity) being two of the strongest predictors
[30,110-112]
for a procedure related perforation
. Within
our systematic review, the total rate of perforation
with BAE in CD (4.27 per 1000 procedures) when
including both diagnostic and therapeutic procedures
was nearly 4 times that reported with diagnostic BAE
for all indications (1.1 per 1000 procedures), and the
significant majority of this risk was seen in therapeutic
procedures.
Our results demonstrate that diagnostic BAE is a
safe tool in monitoring small bowel disease activity
and may have a role in guiding medical treatment to
achieve clinical remission and mucosal healing. The
rate of perforation with diagnostic BAE in CD (1.55
per 1000) was also similar to that reported with
[112]
lower endoscopy in IBD patients (1.89 per 1000) .
Other modalities have been demonstrated to have a
reasonable diagnostic accuracy for assessing small
[22,113-124]
bowel disease activity in CD
, but they have
several technical and practical limitations that prevent
[48,113,114,121,125-127]
their routine use in clinical practice
. In
our pooled analysis, findings from BAE in conjunction
with changes in medical therapy resulted in improved
clinical and endoscopic disease activity in a substantial
majority of patients. Although further prospective
studies are needed to understand the positioning of
BAE in disease activity assessment and treating to a

Table 3 Diagnostic and therapeutic procedures n (%)

Diagnostic BAE
Therapeutic BAE
Diagnostic DBE

Procedures,
n = 2340

Perforations,
n = 10

Rate (%)

1938 (83)
402 (17)
1666 (71)

3 (30)
7 (70)
2 (20)

0.15
1.70
0.12

BAE: Balloon assisted enteroscopy; DBE: Double balloon enteroscopy.

DISCUSSION
In our systematic review of 1812 CD patients under
going 2340 BAE, the rate of perforation with diagnostic
BAE in CD was similar to that seen when utilizing
diagnostic BAE for other indications. The rate of
perforation with diagnostic DBE in CD was also similar
to that seen when utilizing diagnostic DBE for other
indications. Additionally, findings from diagnostic
BAE in conjunction with changes in medical therapy
resulted in improved clinical and endoscopic disease
activity in a majority of patients. Diagnostic BAE
demonstrated a meaningful change in clinical care
with a similar safety profile in CD compared to other
indications.
Therapeutic BAE also exhibited significant clinical
utility as approximately 70% of patients in our study
avoided surgery after stricture dilation, albeit with
higher rates of perforation. This increased risk of
[106]
perforation with stricture dilation in CD
must be
weighed against the therapeutic benefits achieved.
Efforts need to focus on risk stratification of small
bowel strictures to determine which patients may be
more suitable for small bowel resection as compared
to endoscopic dilation. Prior studies have demonstrated
that both length and location are useful prognostic
factors, and short strictures located in the large bowel
or at the site of prior anastomosis are likely to be
most amendable to endoscopic dilation as compared
[107-109]
to complex or lengthy de-novo strictures
. Within
our study at least three of the six perforations during
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Table 4 Balloon assisted enteroscopy cases with procedure related perforation
Study

Demographics

Despott et al[33]

Gill et al[34]

Gill et al[34]

Halloran et al[35]

Ding et al[85]

Bartel et al[49]

Site and characteristics of
perforation

Therapy

Procedure

Long standing CD (>
30 yr) with 5 prior SB
resections currently on
azathioprine and steroids

3 jejunal strictures (2
Dilated to
DBE - Technically difficult
inflammatory, 1 fibrotic) maximum of 16.5
due to adhesion-related
with severe ulcerations at
mm
angulations and fixation, and
stricture sites
strictures were significantly
ulcerated
Retained video capsule in Non-obstructing jejunal Dilated to 15 mm
DBE - otherwise not
patient with known CD
stricture with mild
specified
inflammation and
ulceration at the stricture
site
Known CD patient had
Distal obstructing ileal
Dilated to 15 mm
DBE - otherwise not
previously responded
stricture with mild
specified
well to dilation up to 15
inflammation and
mm
ulceration at the stricture
site
Known CD patient who
Scarred bowel loop
Not specified
DBE - Perforation occurred
had undergone prior
adhesion site
with overtube advancement
surgical resection.
and straightening of a
scarred bowel loop
Known CD patient
SB stricture, otherwise not Dilation related
DBE - Dilation related
specified
perforation,
perforation, otherwise not
otherwise not
specified
specified
Retained video capsule in SB stricture, otherwise not
Not specified
DBE - Otherwise not
patient with known CD
specified
specified

Rahman et al[48]

Known CD patient

Ulcer at anastomosis site

Not specified

Navaneethan
et al[94]
Arihiro et al[96]

Known CD patient

Not specified

Not specified

Known CD patient

SB stricture, otherwise not
specified

Hirai et al[91]

Known CD patient

SB stricture, otherwise not
specified

Dilation related
perforation,
otherwise not
specified
Dilation related
perforation,
otherwise not
specified

Outcome after perforation
Perforation diagnosed within
8 h, patient had laparotomy
and temporary jejunostomy.
Patient made full recovery and
jejunostomy was reversed.
Underwent surgery, outcome
otherwise not specified.

Underwent surgery, outcome
otherwise not specified.

Outcome not specified.

Perforation diagnosed within
12 h, patient had laparotomy
and resection with ileostomy.

SBE - Dilation related
perforation, otherwise not
specified

Emergent surgical intervention,
otherwise outcome not
specified.
Patient made full recovery after
surgical resection and primary
reanastomosis.
Underwent surgery, outcome
otherwise not specified
Patient improved over
time without any surgical
intervention.

DBE - Dilation related
perforation, otherwise not
specified

Patient had emergency partial
ileal resection and made a full
recovery.

DBE - Perforation
directly related to ulcer at
anastomosis
Not specified

CD: Crohn’s disease; SB: Small bowel; DBE: Double balloon enteroscopy; SBE: Single balloon enteroscopy.

target of mucosal healing in CD, these data suggest
that BAE may be a useful tool for assessing small
bowel disease activity and treatment response in CD.
Our study has highlighted several key findings but
it also has several limitations. There is an inherent
selection bias in patients who undergo BAE that
undoubtedly affects our results. The majority of
analyzed studies were retrospective with variable
objectives, different inclusion criteria, and limited
follow-up data. Additionally, the lack of prospective
studies comparing BAE to cross-sectional imaging in
evaluation of small bowel disease makes evaluating
the utility of diagnostic BAE difficult. Lastly, BAE has
[64]
a high rate of incomplete enteroscopy , which likely
was not portrayed in our results, as completion rates

WJG|www.wjgnet.com

were not consistently documented. Strengths of our
study included the extensive search performed and the
large number of patients and procedures analyzed.
Diagnostic BAE in CD has a similar perforation
rate as diagnostic BAE in other indications and may
help safely guide medical therapy via assessment of
mucosal healing. Therapeutic BAE may help avoid
surgery in patients with symptomatic strictures, but
the rate of perforation with therapeutic procedures
is higher and thus providers must exercise caution
when utilizing this endoscopic technique. Further
efforts should focus on risk stratification of patients to
ensure optimal safety and diagnostic yield and further
studies are needed to identify patient and stricture
characteristics at highest risk for procedure related
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Surgery
(n = 42)

Surgery
(n = 5)

Perforation
(n = 5)
Surgery
(n = 15)

Clinical
remission
(n = 5)

Medical
management
(n = 6)

No dilation (n = 36)

Outcome not
specified
(n = 15)

Patient
refused therapy
(n = 9)

Clinical
remission
(n = 107)

Change or start
to therapy
(n = 139)

Surgery
(n = 7)

Follow-up
(n = 173)

No strictures
(n = 200)

No change
in therapy
(n = 18)

No follow-up
(n = 27)

This systematic review reveals that diagnostic BAE in cd has similar perforation rates as diagnostic BAE for all indications, suggesting that BAE is a safe way to evaluate small bowel CD. Further randomized controlled trials are warranted to

Research frontiers

Crohn’s disease (CD) often affects the small bowel, but conventional upper and lower endoscopy are limited in their evaluation of small bowel disease activity or ability to perform interventions. Balloon assisted enteroscopy (BAE) allows for
direct visualization and sampling of the small bowel, however its safety and role in CD remain to be established.
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Figure 2 Outcome and impact of balloon-assisted enteroscopy in patients with follow-up.
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confirm these findings as well as to identify anatomical characteristics that are
at highest risk for procedure related complications.

11

Innovations and breakthroughs

12

The research demonstrates that BAE has a similar perforation rate in diagnostic
evaluation of small bowel CD vs other indications. This systematic review is the
most up-to-date overview of this subject matter.

13

Applications

Diagnostic BAE in CD has a similar perforation rate as in other indications, thus
it can be safely performed in diagnostic evaluation of small bowel CD.
14

Peer-review

The present manuscript is well written. The efficacy, safety and long-term
prognosis of balloon dilation using BAE should be separately shown between
patients with small bowel strictures and patients with anastomotic strictures.
This should be analyzed in the manuscript.
15
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Abstract
AIM
To critically assess the available literature regarding
the efficacy of thioguanine treatment in inflammatory
bowel disease (IBD) patients, irrespective of the
(hepato-) toxicity profile.

Conflict-of-interest statement: The Department of Gastro
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received an unrestricted research grant by TEVA Pharma BV
outside of this submitted work.

METHODS
A systematic literature search of the MEDLINE database
using PubMed was performed using the keywords
“thioguanine”, “6-TG”, “thioguanine”, “inflammatory
bowel disease”, “IBD”, “Crohn’s disease”, “Ulcerative
colitis” and “effectiveness” in order to identify relevant
articles published in English starting from 2000.
Reference lists of the included articles were crosschecked for missing articles. Reviewed manuscripts
concerning the effectiveness of thioguanine treatment
in IBD were reviewed by the authors and the data
were extracted. Data were subsequently analyzed with
descriptive statistics. Due to the lack of standardized
outcomes, a formal meta-analysis was not performed.

Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
b.meijer1@vumc.nl. 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
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
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
A total of 11 applicable studies were found that
involved the effectiveness of thioguanine therapy in
IBD. Eight studies were conducted in a prospective
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disease and treatment of IBD is mainly aimed at
[2,3]
induction and maintenance of remission . Based
on current step-up treatment guidelines (systemic)
corticosteroids are the therapy of choice for inducing
[2,3]
remission . Thiopurines, such as azathioprine (AZA) or
mercaptopurine (MP) may be added to corticosteroid
therapy for maintaining remission and medication
[4-6]
may be initiated during induction phase . However,
the use of thiopurines is limited, largely due to an
extensive spectrum of adverse events witnessed in
up to almost half of patients, especially within the
first twelve months of treatment. Toxicity includes
myelotoxicity, hepatotoxicity, pancreatitis and gastro
[7,8]
intestinal (GI-) complaints .
Thiopurines were first described in the 1950s by
Gertrude Elion and George Hitchings and comprised
three chemical structures: 6-thioguanine (6-TG), MP
[9]
and AZA . AZA and MP are frequently being used
as treatment for IBD, while TG is currently only used
as experimental or rescue therapy. Metabolism of
conventional thiopurines is complicated, leading to
formation of several, toxic and non-toxic metabolites,
whereas the metabolism of TG is less complicated
and more directly leading towards the intended
[10-12]
pharmacologically active products (Figure 1)
.
Effects of thiopurines may be characterized by two
groups of metabolites; methylated thiopurines [e.g.,
6-methylmercaptopurine (6-MMP)] and 6-thioguanine
nucleotides (6-TGN). At relatively low dosages, as
has been advocated in treatment of IBD, the antiinflammatory effect of thiopurines is mainly mediated
via inhibition of the small GTPase Rac1, leading to
apoptosis of activated T-lymphocytes, whereas high
dosages, as usual in oncological treatment, are
[13,14]
associated with inhibition of DNA synthesis
.
Based on these findings, it has been hypothesized
that prescribing TG therapy instead of AZA/MP reduces
generation of potentially toxic metabolites, such as
the methylated metabolites, whilst it is primarily
converted into the therapeutically aimed metabolite
6-TGN by bypassing several rate-limiting metabolic
steps. The key reason for not introducing TG in the
standard therapeutic armentarium of IBD appears to
be the reported hepatotoxicity [i.e., nodular regene
rative hyperplasia (NRH) and sinusoidal obstruction
syndrome] which has been described to be highly
prevalent, especially with higher dosages of TG
[15]
(median 40 mg/d) . Interestingly, these findings
were not corroborated in subsequent studies in which
lower dosages of TG were used (20 mg/d), justifying
additional research regarding relatively efficacy of low[16-20]
dose TG therapy in IBD patients
. These data are
depicted in Table 1. Other adverse events probably
associated with TG use, as described in previous
literature, are summarized in Table 2.
Two years ago, there were approximately 1500 TG
users in The Netherlands, with no serious toxicity being
[21]
reported . Since TG has recently been registered as

manner, in the remaining three studies, data was
collected retrospectively. In total, 353 IBD-patients (225
patients with Crohn’s disease, 119 with ulcerative colitis
and nine with unclassified IBD) with prior azathioprine/
mercaptopurine resistance and/or intolerance (n =
321) or de novo thioguanine administration (n = 32)
were included for analysis, of which 228 (65%) had
clinical improvement on thioguanine therapy, based on
standard IBD questionnaires, biochemical parameters
or global physician assessments. Short-term results
were based on 268 treatment years (median follow-up
9 mo, range 3-22 mo) with a median daily dose of 20
mg (range 10-80 mg). Discontinuation, mostly due to
adverse events, was reported in 72 patients (20%).
CONCLUSION
The efficacy of thioguanine therapy in IBD patients
intolerant to conventional thiopurine therapy is
observed in 65%, with short term adverse events in
20% of patients.
Key words: Thiopurines; Thioguanine; Inflammatory
bowel disease; Crohn’s disease; Ulcerative colitis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Whereas conventional thiopurines are globally
accepted as second-line treatment of inflammatory
bowel disease (IBD) patients, almost half of these
patients discontinues this treatment due to ineffec
tiveness or intolerance. In this systematic review,
the efficacy of thioguanine treatment, a thiopurine
with a less extensive and complex metabolism, is
systematically assessed to determine if this drug is an
alternative in the treatment of IBD patients intolerant
or ineffective to azathioprine and/or mercaptopurine.
We showed that up to 65% of patients benefit of a
switch to thioguanine, thus preserving these patients
from potentially more harmful and expensive treatment
with biologicals.
Meijer B, Mulder CJJ, Peters GJ, van Bodegraven AA, de Boer
NKH. Efficacy of thioguanine treatment in inflammatory bowel
disease: A systematic review. World J Gastroenterol 2016;
22(40): 9012-9021 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i40/9012.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i40.9012

INTRODUCTION
Inflammatory bowel disease (IBD) encompasses both
Crohn’s disease (CD) and ulcerative colitis (UC) and
forms a group of diseases characterized by idiopathic
chronic inflammation of the gastrointestinal tract. It
[1]
has worldwide a rising incidence . IBD is characterized
by recurrent periods of remission and relapse of
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Figure 1 Simplified scheme of thiopurine metabolism. Azathioprine is non-enzymatically converted to 6-mercaptopurine by separating the imidazole-group.
6-Mercaptopurine is converted into 6-methylmercaptopurine (6-MMP) by thiopurine S-methyl transferase (TPMT) and into 6-thioguaninenucleotides (6-TGN) by an
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Table 1 Nodular regenerative hyperplasia of the liver during
thioguanine therapy

Table 2 Other adverse events associated with thioguanine
use

Dosage of thioguanine

6-TGN level

Observed NRH

Ref.

Adverse event

About 20 mg per day
(18-24 mg)
20 mg per day
20 mg per day
About 21 mg per day
(0.3 mg/kg)
40 mg per day
About 40 mg per day
(estimated)
40-80 mg per day

278 (68-492)

0% (0/12)

[20]

564 ± 278
802 (106-1092)
464 (65-1199)

0% (0/28)
0% (0/13)
6% (7/111)

[18]
[47]
[48]

GI complaints
Myelosuppression1
General malaise
Allergic reaction
Other AE (e.g., myalgia,
alopecia)

807 (105-2545)
1230 (530-2310)

0% (0/11)
62% (16/26)

[16]
[15]

Unknown

36% (16/45)

[45]

Ref.

1%-17%
1%-15%
4%-22%
1%-6%
1%-38%

[16,17,19,20,37,38]
[17,20,36,38]
[17,38]
[17,33]
[16,17,19,20,33,36-38]

1

Variable definitions of myelosuppression were applied.

MATERIALS AND METHODS

6-TGN concentrations were calculated using the method described by
Lennard et al [27]. Modified from Seinen et al [49]. 6-TGN: 6-thioguanine
nucleotides concentration (as pmol/8 × 108 red blood cells), presented
as medians with range or mean with standard deviation; NRH: Nodular
regenerative hyperplasia.

[22]

This study was executed using the PRISMA guidelines .
We conducted a systematic literature search in the
MEDLINE database using PubMed. We applied the
following search strategy: [“Thioguanine”(Mesh) OR
6-TG (tiab) OR thioguanine (tiab) OR tioguanine (tiab)]
AND [“Inflammatory Bowel Diseases”(Mesh) OR IBD
(tiab) OR Crohn (tiab) OR Colitis (tiab)] AND (efficacy
OR effectivity OR effectiveness).

certified treatment for IBD in The Netherlands, the
question arises whether TG should be reconsidered as
IBD treatment worldwide. The aim of this systematic
review was to critically assess the available literature
solely regarding the efficacy of TG treatment in IBD
patients, irrespective of the alleged (hepato-)toxicity
profile.

WJG|www.wjgnet.com

Prevalence

Study selection

All studies were screened based on title and abstract.
Full-text screening was performed in relevant studies
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Records identified through
database searching
(n = 98)

Additional records identified
through other sources
(n = 0)

Screening

Records after duplicates removed
(n = 98)

Records screened
(n = 98)

Eligibility

Full-text articles
assessed for eligibility
(n = 18)

Included

Studies included in
qualitative synthesis
(n = 12)

Records excluded (n = 80)

Full-text articles excluded, with
reasons (n = 6)
Review, no original data (n = 2)
Animal model (n = 1)
No efficacy data (n = 3)

Studies included in
quantitative synthesis
(n = 11)

Figure 2 Flowchart of article selection procedure[22].
[27]

by the same authors (BM and NdB). The following
inclusion criteria were met: patients diagnosed with
IBD, TG therapy, efficacy as outcome, studies available
in full-text in English or Dutch. Exclusion criteria were:
in vitro studies, efficacy not identified as outcome,
patients receiving TG therapy for other reasons
than IBD, article not available in English or Dutch.
Furthermore, all references of the included original
papers were cross-checked to complete the search. All
studies published from 2000 till 2016 were included in
the systematic review. All studies with original study
populations were included for analysis. Finally, authors
of the included manuscripts were contacted in case
of missing or unclear data or to identify additional
studies.

were described using the method of Lennard et al
When the initial measurement was performed using
[28]
the method described by Dervieux et al , this value
was transposed into a calculated “Lennard value” as
[29]
described by Shipkova et al .

RESULTS
The search strategy resulted in 98 papers. Most
articles were excluded since these articles described
measuring 6-TGN in patients treated with AZA or MP,
instead of TG therapy. Thirteen were selected for fulltext screening. One additional article was excluded
because efficacy was not described.
Finally, twelve relevant articles were included (see
Figure 2). Of these twelve articles, eleven studies
comprised different study populations. One of the
included papers is the extended follow-up period
of another included paper, and was therefore not
visualized in our primary overview (Table 3).
[30]
In the first study regarding TG-use
ten CD
patients with therapeutic failure (i.e., CDAI-scores
above 150 and/or steroid-dependent disease) to AZA/
MP therapy, combined with a preferential metabolite
profile [defined as 6-TGN levels below 235 and 6-MMP
8
levels above 6000 pmol/8 x 10 red blood cells (RBC)]
were included. Nine patients were adults in whom
TG was initiated at a dose of 40 mg/d, the pediatric
patient (9 years old) was started on 20 mg/d. After
16 wk follow-up, eight patients were still using TG, in
whom seven patients had a good clinical response,
defined as a reduction in CDAI of at least 70 points
or steroid reduction of at least 50%. 6-TGN levels

Data extraction

If articles were eligible, we collected the following data
from the original papers: study design, number of
patients, patient characteristics, disease characteristics
[i.e., CD, UC or IBD unclassified (IBDu)], reason for
initiation of TG, co-medication with corticosteroids,
TG dose, duration of follow-up, efficacy of therapy,
biochemical parameters [i.e., C-reactive protein
(CRP) and/or fecal calprotectin] and thiopurine drug
metabolites (6-TGN and/or 6-MMP) during AZA/MP
and TG treatment. Effectiveness of therapy was
determined using endoscopic/clinical scoring scales
[23]
[i.e., Harvey-Bradshaw Index (HBI) , CD Activity
[24]
[25]
Index (CDAI) , Colitis Activity Index (CAI)
or
[26]
Simple Clinical Colitis Activity Index (SCCAI) ], as
used in the different articles. Concentrations of 6-TGN

WJG|www.wjgnet.com
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Table 3 Summary of included articles with most important study characteristics
Author
Dubinsky
Cheung
Herrlinger
Bonaz
Dubinsky
Teml
Qasim
Ansari
Almer
Asseldonk
Pavlidis

1

Ref.

Year

Score

17
18
19
21
22
23
24
12
25
16
15

2001
2003
2003
2003
2003
2005
2007
2008
2009
2011
2014

Very low
Very low
Low
Very low
Very low
Low
Very low
Low
Low
Low
Moderate

Number of Number of IBD
patients
(CD/UC/IBDu)
10
15
37
49
21
20
40
30
23
46
62

Dose
(med)

Follow-up
(M)

Effective n
(%)

40
40
40
20
20
20
40
40
40
20
20

4
3
6
12
9
6
6
6
9
22
6

7 (70)
12 (79)
21 (57)
38 (78)3
14 (67)
11 (55)
19 (48)
18 (60)
5 (22)
37 (80)3
46 (78)

10/0/0
13/1/1
37/0/0
49/0/0
14/7/0
0/14/6
28/10/2
30/0/0
23/0/0
0/46/0
21/41/0

Non-effective Discontinuation 6-TGN (med)
n (%)
n (%)
1 (10)
1 (7)
7 (19)
6 (12)
3 (14)
3 (15)
8 (20)
5 (17)
5 (22)
3 (7)
11 (14)

2 (20)
2 (14)
9 (24)
5 (10)
4 (19)
6 (30)
13 (32)
7 (23)
13 (56)
6 (13)
5 (8)

15482
N/A
N/A
6484
13651
8164
N/A
8074
11552
2784
8114

1

Grading based on GRADE guidelines[50,51]. 2Median value in subgroup with clinical response to 6-thioguanine treatment; 3Expected value; 4Median
value in total group, regardless of clinical response to treatment. IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; IBDu:
IBD unclassified; 6-TGN: 6-thioguanine nucleotides; N/A: Not applicable; Ref: Number in reference list; Dose: Median dosage of thioguanine therapy at
initiation.
8

in these patients were median 1548 pmol/8 x 10
RBC (range 603-2073), with only one patient with
a 6-TGN level below 1350. 6-MMP metabolites were
undetectable in all patients. Biochemical parameters
were not extensively reported. The two patients
who discontinued TG treatment before week sixteen
were excluded due to protocol violation, but were not
reported to develop adverse events or to have an
increase in IBD activity.
[31]
The next study
included fifteen IBD patients (13
CD/1 UC/1 IBDu) with either intolerance (n = 12) or
inefficacy (n = 1) on AZA/MP therapy, as well as two
thiopurine-naïve patients in which TG was started
to “induce a quick therapeutic response”. Fourteen
patients were adults (range 23-65 years old) and one
adolescent (17 years old). All patients were started
on 40 mg TG. Based on global physician assessment
(GPA), eleven patients (73%) had a good clinical
response to TG therapy after a mean duration of only
3 wk. One additional patient had no decrease in CDAI
but was able to successfully reduce prednisolone
with > 50% and was classified as a partial response.
There was a median follow-up of 16 wk (range 3-21
wk). Adverse events were described in four patients
(27%) and were classified as mild. One patient had to
discontinue TG treatment due to suspected pancreatitis
(i.e., slowly rising lipase concentration) and in three
patients dosage was successfully reduced as diarrhea (n
= 2) or leukopenia (n = 1) developed.
[32]
In a German study from 2003 , 37 patients (22
with prior AZA intolerance, 15 thiopurine naive) with
CD received 40 mg of TG daily. Dose was increased to
80 mg/d after 12 wk in non-responders and the effect
was evaluated after a follow-up of 24 wk. Nine patients
(24%) discontinued therapy before week 24 due to
intolerance (n = 6), inefficacy (n = 2) or violation of
protocol (n = 1). Of the remaining 28 patients, there
were 21 patients (57%) with a clinical response,
defined as a decrease in CDAI of > 70 points. Thirteen
of these patients were in complete remission, of which

WJG|www.wjgnet.com

twelve patients achieved this quiescent phase within
four weeks of therapy. Twenty out of 27 patients
(74%) on corticosteroids at initiation of TG were able
to decrease steroids dosage with a median of 67% of
initial steroid dose. CRP concentration was measured
at baseline and at last follow-up, but there was no
difference between these time points. In a second
follow-up paper, the effect of maintenance treatment
[33]
(total follow-up of one year) was evaluated . Sixteen
patients with continued use after six months of therapy
were evaluated of which twelve were in remission
with TG (i.e., CDAI < 150) and four showed clinical
response (defined as ΔCDAI > 70). Shortly after six
months, two additional patients came into complete
remission and patients in remission after six months
maintained in remission after 12 mo of treatment. One
patient with initial clinical response to TG relapsed and
was switched to methotrexate therapy.
[34]
In another study from 2003 49 patients with CD
either intolerant for or refractory to AZA/MP therapy
were included. All patients were adults and were
started on 20 mg TG daily. Five patients (10%) out
of 39 patients with prior intolerance to AZA/MP had
to discontinue TG treatment due to (mild) adverse
events within three weeks of therapy: nausea (n =
1), increase of hepatic enzymes (n = 2), vertigo (n =
1) and paresthesia (n = 1). After a median period of
seven months, complete remission (defined as HBI
below 3 and cessation of corticosteroids or infliximab)
was achieved in 21 patients (43%). It was described
that six patients (12%) relapsed on TG therapy.
The remaining seventeen patients were not more
extensively described in this study.
[35]
In a second study by Dubinsky et al , 21 patients
were included with either CD or UC (14:7) who
experienced a hypersensitivity reaction on conventional
thiopurine therapy. All patients were adults. The dose
of TG was not standardized and varied between 10
and 40 mg daily (median 20 mg/d). Four patients
(19%) experienced a (mild) hypersensitivity reaction
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on TG (two patients with gastrointestinal symptoms
and two patients with flu-like illness). Of the remaining
seventeen patients, fourteen (67%) improved on TG
therapy after a median period of 9 mo, based on GPA.
Two patients remained in remission and one patient
had worsening of disease. 6-TGN concentrations were
obtained in 14 of 17 patients and were all above 1100
8
pmol/8 × 10 RBC, irrespective of clinical response and
not correlating with disease activity.
[36]
An Austrian research group
described fourteen
UC patients and six IBDu patients with prior into
lerance (n = 8) or inefficacy to previous AZA/MP
treatment were reported. After a follow-up of 26 wk,
eleven patients (55%) showed a therapeutic response
(five with complete remission), defined as a CAI of
4 or lower. Three patients were classified as nonresponders (15%), six patients discontinued treatment
due to AE (n = 2) or non-compliance (n = 4, based
8
on 6-TGN levels of below 250 pmol/8 × 10 RBC).
Median 6-TGN level during therapy was 816 (range
279-2300), not correlating with response to therapy.
Concentrations of CRP at follow-up did not differ from
baseline concentrations.
[37]
An Irish population was included in another study
of 40 patients (28 CD, 10 UC and 2 IBDu) with prior
inefficacy on AZA/MP in 21 patients or intolerance
in 8 patients while de novo TG therapy was given in
eleven patients. All patients were adults and started
on 40 mg daily. After six months of therapy, TG had
to be discontinued in thirteen patients (32%) due
to AE, of which eight patients had hepatotoxicity
(including thrombocytopenia, liver test abnormalities
and splenomegaly). Nineteen patients (48%) had
clinical benefit (i.e., modified HBI or modified UC
disease activity index below 4) of TG therapy and eight
patients (20%) displayed no therapeutic response.
Eleven patients were able to continue therapy over
1 year time period with therapeutic effect (complete
remission in 10 patients). Furthermore, concentrations
of CRP decreased during TG treatment when compared
to baseline levels (P = 0.001).
[16]
Ansari et al studied 30 CD patients with a median
age of 34 years (range 12-57) treated with a median
dose of 40 mg daily (range 20-60). All patients were
either nonresponsive (n = 16) or intolerant (n = 14)
to prior AZA treatment. After 6 mo there was a clinical
response (i.e., HBI < 5, in combination with successful
withdrawal of steroids or infliximab) in eighteen
patients (60%) and seven patients (23%) withdrew
TG treatment due to AE. After six months another
six patients developed AE leading to withdrawal of
therapy. Eleven patients (37%) were able to continue
therapy for a median period of 44 mo, leading to longlasting remission. Five patients (17%) had no benefit
from TG therapy. Median 6-TGN level was 807 pmol/8
8
× 10 RBC, there was no correlation between 6-TGN
concentrations and clinical response.
[38]
In a Swedish study from 2009
23 adult CD
patients with prior thiopurine intolerance (n = 18) or
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resistance (n = 5) were treated with 40 mg (range
20-60 mg) TG once daily. After a median follow-up
of 8 mo, thirteen patients (56%) had to discontinue
treatment due to AE (n = 10) or unspecified safety
concerns. Five patients (22%) had clinical response
(defined as HBI < 5) on TG therapy, whilst five
patients were non-responders. Median 6-TGN level
in responding patients was 1155 (range 466-2488)
8
pmol/8 × 10 RBC, however this result was not sta
tistically different from non-responders [median 645
(range 551-1852), P = 0.73].
[20]
In a Dutch population
the sole focus was on
UC patients and TG was introduced in a dose of
approximately 0.3 mg/kg (median 20 mg/d, range
18-24) in 46 adult patients with either intolerance
(n = 42) or refractoriness to AZA/MP. Within 6 mo,
five patients had to discontinue treatment due to AE
(n = 3) or were lost to follow-up. During follow-up,
another three patients developed intolerance adding
up to six patients (13%). Three patients experienced
non-effectiveness on TG therapy and underwent
colectomy. In the remaining 37 patients (80%), there
was ongoing benefit and TG therapy was continued.
[19]
Finally, in a study of Pavlidis et al
performed in
Australia and the United Kingdom, 62 adult patients
(21 CD/41 UC) started on split-dose TG therapy of
20 mg once, twice or thrice daily after intolerance to
conventional thiopurine therapy. After six months,
46 patients (78%) had a clinical response to TG
therapy, defined as decrease in clinical activity scores
(HBI ≤ 3 or SCCAI ≤ 2) and/or steroid use. Eleven
patients (14%) did not benefit from treatment and
had to undergo surgery. The remaining five patients
discontinued treatment due to AE (n = 2) or were lost
to follow-up. The median 6-TGN level was 811 pmol/8
8
× 10 RBC (range 340-2678) which did not correlate
with disease activity.

Summary of treated patients

In summary, a total number of 353 (CD: 225/UC:
119/IBDu: 9) patients were treated with TG with a
starting dose of 20 to 40 mg daily. The dosing was
per individual adjusted to 10-80 mg/d, based on the
development of adverse events or efficacy. Based on
the median follow-up in the different studies, TG was
administered for an estimated 268 treatment years. In
228 patients (65%), there was a benefit of TG therapy,
defined as decrease in clinical disease symptom scales
or the opportunity to cease or clinically significantly
decrease corticosteroids without relapse of disease. No
benefit of therapy was reported in 15% of patients,
whereas 20% of the patients had to discontinue TG,
mostly due to AE, comprising mainly gastrointestinal
complaints, hypersensitivity reactions and elevated
liver enzymes. In a subgroup analysis, 52% of CD
patients and 62% of UC patients benefitted from TG
therapy, whereas 11% of CD patients and 13% of UC
patients had no benefit of therapy (Table 4).
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Table 4 Summary of results of included articles in the total group, as well as different disease groups n (%)
Total number
of patients
353

CD

UC

IBDu

Daily dose (mg)

225 (64)

119 (34)

9 (2)

20
[10-80]

1

2

3

Treatment years

Benefit

No benefit

Discontinuation

268

228 (65)

53 (15)

72 (20)
Discontinuation

Crohn’s disease (n = 225)
Ulcerative colitis (n = 119)

141
122

118 (52)
73 (62)

25 (11)
16 (13)

40 (18)
11 (9)

Response
unknown4
42 (19)
19 (16)

Median start dose of thioguanine was 20 mg/d. This was adjusted based on symptoms and metabolite levels to doses of 10-80/d; 2Treatment years are
calculated based on sample size and median follow-up; 3Defined as a clinically relevant decrease in disease activity scores by global physician assessment
or when corticosteroids could be tapered or discontinued; 4When results are not subdivided in disease entities (i.e., total results are given, but not for CD/
UC). CD: Crohn’s disease; UC: Ulcerative colitis; IBDu: Inflammatory bowel disease unclassified.
1

number of patients discontinuing treatment due to
adverse events. Overall, 72 of 353 patients (20%) had
to discontinue TG treatment, mainly due to adverse
events. Interestingly, there seemed to be no increased
risk of developing clinically overt non-cirrhotic portal
hypertension due to NRH as compared to the study
[15]
by Dubinsky et al
Other reasons for discontinuation
were (unspecified) “safety reasons” or violation of
applicable study protocol.
Concentrations of 6-TGN during TG treatment in
none of the included studies (if available) showed a
correlation with efficacy; its value in the management
of TG therapy (therapeutic drug monitoring) can
therefore not be extracted from the current series and,
thus, warrant further analysis and study. However,
patients with benefit of TG therapy showed median
8
6-TGN levels 1155, 1365 and 1548 pmol/8 × 10
RBC, respectively, in those studies in which this
[15,35,38]
benefitting subgroup specifically was analyzed
.
Based on these results, one may hypothesize that
the therapeutic range of 6-TGN levels as proposed for
conventional AZA/MP treatment (i.e., > 230 pmol/8
8
× 10 RBC) is not applicable in patients treated with
[46]
TG .
Several remarks have to be made about study
design and patient population of the various included
studies. All included studies are observational, openlabel studies without control groups. A major part
of discussion is the risk of bias in these kind of
studies, especially publication bias. This type of bias
is unavoidable in studies which are not previously
registered in a trial registry, so the results in this
review have to be interpret with this possible risk of
bias taken into account. Furthermore, even though a
larger part of the studies had a prospective design, no
randomized trials are performed, yet, probably leading
to confounding bias. Additionally, analyses in this paper
were based on small patient groups (range 10-62) and
effectiveness endpoints differed between the included
studies, thwarting comparisons and robust conclusions.
Taken together, we critically reviewed the literature
regarding effectiveness of TG treatment in IBD
patients. Several small prospective trials showed
encouraging results regarding therapeutic effect and

DISCUSSION
In this study we systematically reviewed literature
regarding the efficacy of TG treatment in IBD patients.
In 65% (range 22%-80%) of patients with active
IBD treated with TG, mainly in patients failing prior
conventional thiopurine therapy, clinical improvement
was achieved. This was in line with recent reviews
regarding efficacy of AZA or MP treatment in IBD:
for maintenance therapy, efficacy of conventional
thiopurine therapy was 73% and 50%, respectively.
Induction therapy was effective in 30% and 51%,
[4,6,39,40]
respectively
.
Interestingly, most of the included patients ex
perienced intolerance or inadequate response to
previous conventional thiopurine therapy (i.e., AZA/
MP). Therefore the result of 65% is primarily based
on patients with prior thiopurine exposure.
Eight studies (73%) were conducted in a pro
spective way, however no randomized trials have been
[38]
performed to date. The study of Almer et al
is a
relative negative outlier with only 22% response rate.
This might be due to a small sample size (n = 23)
in combination with a high number of discontinuation
(n = 13). Three patients had to discontinue due to
unspecified “safety reasons” and ten patients had
adverse events leading to discontinuation. Five of them
discontinued due to pain or gastrointestinal intolerance
and two had mild hepatotoxicity with increasing
bilirubin concentration or aminotransferase activity. On
the contrary, two positive outliers were the studies of
[34]
[20]
Bonaz et al and van Asseldonk et al with response
rates of 78% and 80%, respectively. Interestingly, in
these studies patients were started on 20 mg/d instead
of 40 mg/d. This lower dosage might be the reason for
better tolerability and could contribute to longer usage
and subsequent higher efficacy.
The aim of this paper was to assess the effecti
veness of TG treatment by a systematic review of
available literature. Safety issues have extensively
been reviewed (and nuanced) elsewhere (Table
[18,41-45]
1)
. However, since the majority of the included
patients experienced adverse events on more
conventional thiopurine derivatives, we compared the
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tolerability of TG in a population of IBD patients with
reported intolerance or refractoriness to conventional
thiopurine therapy with AZA or MP. These findings
warrant randomized trials in IBD patients.
4
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patients conventional thiopurine therapy fails, mainly due to adverse events.
Thioguanine, another thiopurine derivative, has a less complicated metabolism
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Abstract
In this report, we present 3 cases of malignant
small bowel obstruction, treated with palliative care
using endoscopic self-expandable metallic stent
(SEMS) placement, with the aim to identify the safety
and efficacy of this procedure. Baseline patient
characteristics, procedure methods, procedure time,
technical and clinical success rates, complications, and
patient outcomes were obtained. All 3 patients had
pancreatic cancer with small bowel strictures. One
patient received the SEMS using colonoscopy, while the
other 2 patients received SEMS placement via double
balloon endoscopy using the through-the-overtube
technique. The median procedure time was 104 min.
The technical and clinical success rates were 100%.
Post-treatment, obstructive symptoms in all patients
improved, and a low-residue diet could be tolerated.
All stents remained within the patients until their
deaths. The median overall survival time (stent patency
time) was 76 d. SEMS placement is safe and effective
as a palliative treatment for malignant small bowel
obstruction.
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Subsequently, the guidewire and the overtube were
left in place, and the endoscope was removed.
Finally, the overtube was utilized as a large channel
to advance the stent through the stricture over the
guidewire under fluoroscopic guidance. All 3 cases
were performed by a single expert endoscopist with
experience in over 20 cases of colon stenting.

obstruction, treated with palliative care using endo
scopic self-expandable metallic stent (SEMS) placement,
and have identified that the procedure is safe and
effective. Two patients were treated using the throughthe-overtube technique, while the remaining case was
the first case of SEMS placement in a malignant distal
small bowel obstruction.

Case 1

Tsuboi A, Kuwai T, Nishimura T, Iio S, Mori T, Imagawa
H, Yamaguchi T, Yamaguchi A, Kouno H, Kohno H. Safety
and efficacy of self-expandable metallic stents in malignant
small bowel obstructions. World J Gastroenterol 2016;
22(40): 9022-9027 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i40/9022.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i40.9022

A 60-year-old woman was admitted to our hospital
with abdominal pain due to terminal ileum obstruction
because of peritoneal dissemination of pancreatic
cancer. Although her symptoms improved after insertion
of an ileus tube, they recurred following commencement
of oral intake. Consequently, the decision was made
to attempt SEMS placement as a palliative therapy. A
colonoscope was advanced to the stricture, and the
standard TTS technique for stenting with a 10 cm × 20
mm uncovered SEMS (Niti-S biliary stent, TaeWoong
Medical, Seoul, South Korea) (Figure 1) was used. The
patient was discharged 24 d after stenting, and died
109 d after stenting.

INTRODUCTION
Malignant small bowel obstructions are primarily
treated with surgical intervention. However, palliative
surgery is highly invasive in such patients, with poor
prognosis; therefore, minimally invasive therapies,
such as the endoscopic placement of self-expandable
metallic stents (SEMS), have been considered. SEMS
has been used successfully to palliate malignant
gastrointestinal obstructions, and is widely reported to
result in good clinical outcomes for colonic, esophageal,
[1-4]
and gastric obstructions . However, SEMS placement
for malignant small bowel obstructions is little-known
and also more challenging. A deep small bowel en
teroscopy is limited, and three endoscopy systems
are now available: [double balloon endoscopy (DBE),
[5-7]
single balloon endoscopy, and spiral endoscopy ];
however, such endoscope systems do not have working
channels large enough for the stent delivery systems
to pass through. Therefore, the standard through-thescope (TTS) technique for stent deployment could not
be applied. To mitigate this limitation, we modified
the standard over-the-guidewire (OTW) technique for
stent deployment. In this report, we present 3 cases
of malignant small bowel obstruction treated with
palliative SEMS placement.

Case 2

An 87-year-old woman was admitted to our hospital
with anorexia, vomiting, and weight loss. An abdominal
computed tomography (CT) scan revealed cancer
in the head of the pancreas, a metastatic hepatic
tumor, and expansion of the stomach and duodenum.
We concluded that the obstruction of the distal
duodenum/angle of Treitz was secondary to pancreatic
cancer invasion. We attempted advancement of a
colonoscope (CF-H260AZI, Olympus, Tokyo, Japan) to
the stricture, but could not reach the region as it was
too deep, and the endoscope position was tortuous.
Subsequently, DBE endoscopy was performed, and
access was achieved with a stable endoscope position.
Unfortunately, we could not use the TTS technique for
stent deployment given the position of the stricture.
Therefore, we decided to employ the TTO technique for
stenting. An endoscope loaded with a balloon overtube
was advanced into the stricture for a trans-oral
approach. While the guidewire was left in place beyond
the stricture, the endoscope was removed, leaving
the overtube in place. A 10 cm × 22 mm stent (Niti-S
D pyloric/duodenal stent, TaeWoong Medical, Seoul,
South Korea) was advanced using the OTW technique
through the overtube, and was deployed successfully
(Figure 2). The patient was discharged 15 d after the
procedure and died 76 d after stenting.

CASE REPORT
Of the 3 patients studied, 1 received stent deployment
using the standard TTS technique via colonoscopy
(CF-H260AI, Olympus, Tokyo, Japan); SEMS place
ment in the other 2 patients was achieved using
the through-the-overtube (TTO) technique via DBE
(EN450T5/W, FUJIFILM, Tokyo, Japan). The TTO
technique is a modified version of the OTW technique.
First, the endoscope with the overtube (TS13140,
FUJIFILM, Tokyo, Japan), without its balloon tip, was
advanced towards the stricture, and a 0.035-inch
guidewire (Jagwire, Boston Scientific Corp., Natick,
MA, United States) was passed through the stricture.

WJG|www.wjgnet.com

Case 3

A 69-year-old woman with Stage IV pancreatic cancer
who was receiving chemotherapy was admitted due
to abdominal distension and vomiting. Abdominal CT
revealed an intestinal stricture secondary to peritoneal
dissemination. She was initially treated with ileus
tube insertion for the obstruction (due to recurrence),
but requested palliative SEMS placement. As we
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A

B

C

Figure 1 Self-expandable metallic stent deployment using the standard through-the-scope technique under fluoroscopic guidance. A: The scope was
advanced to the stricture, and a standard guidewire was passed through the stricture; B: The stent delivery system was advanced through the scope across the
stricture; C: The stent can be seen successfully deployed across the stricture.

A

B

C

D

Figure 2 Self-expandable metallic stent deployment using the through-the-overtube technique under fluoroscopic guidance. A: The DBE was advanced
to the stricture, and a standard guidewire passed through the stricture; B: The stent delivery system was advanced over the wire through the overtube; C: The stent
deployed across the stricture; D: The overtube was withdrawn.

were able to reach the stricture with DBE, we decided
to place the SEMS using the TTO technique. The
endoscope and overtube were advanced to the
stricture via the trans-anal approach. The guidewire
(Wrangler, PIOLAX medical devices Inc., Kanagawa,
Japan) and overtube were left in place while the
endoscope was removed. An 8 cm × 18 mm stent
(Niti-S D colonic stent, TaeWoong Medical, Seoul,
South Korea) was advanced through the overtube,
and deployed successfully (Figure 3). The patient was
discharged on day 12 after the procedure and died of
her primary cancer 29 d after stenting.

WJG|www.wjgnet.com

All 3 patients in our study tolerated clear fluids the
day after stenting, followed by a low residue diet. They
were all discharged from the hospital at variable times
with no major complications following SEMS placement
(Table 1; summary of cases). All stents remained
patent until patient death. The technical and clinical
success rates were 100%.

DISCUSSION
Malignant small bowel obstructions are typically caused
by primary small bowel malignant tumors, local invasion
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A

B

C

D

Figure 3 Self-expandable metallic stent deployment using the through-the-overtube technique via a trans-anal approach under fluoroscopic guidance.
A: The DBE was advanced to the stricture, and a guidewire passed through the stricture; B: The guidewire and overtube were left in place and the endoscope was
removed; C: The stent delivery system was advanced over the wire through the overtube, and the stent deployed across the stricture; D: The overtube was withdrawn.

Table 1 Summary of cases
Age/sex

60/F

87/F

Tumor

Stricture
location

Scope

Stent
delivery

Stricture
length

Type of stent

Procedural Stent patency
time
time

Time to oral
intake after stent
placement

Pancreatic
cancer
Peritoneal
dissemination
Pancreatic
cancer

Terminal
ileum

Olympus

TTS

40 mm

Niti-S 20 mm × 10 cm

132 min

109 d

5d

TTO

30 mm

Niti-S 22 mm × 10 cm

46 min

76 d

2d

TTO

20 mm

Niti-S 18 mm × 8 cm

104 min

29 d

2d

CF-H260A
Proximal
jejunum

Pancreatic
Distal ileum
cancer
Peritoneal
dissemination
60/F

FUJIFILM
EN-450T5/W
(trans-oral)
FUJIFILM
EN-450T5/W
(trans-anal)

TTS: Through-the-scope; TTO: Through-the-overtube.

[8]

of extrinsic malignant tumors, or metastasis . Although
surgical interventions such as gastroenteric bypass
or ileostomy are considered the primary treatment
for patients with malignant small bowel obstructions,
they are not routinely performed in view of poor
prognoses. Recently, SEMS placement has been used
to treat malignant, non-small bowel gastrointestinal
obstructions. Compared with surgery, SEMS placement
is much less invasive. Good clinical outcomes have
been reported in esophageal, gastroduodenal, and
[1,9]
colorectal malignant obstructions . While the efficacy
and safety of palliative SEMS placement in these

WJG|www.wjgnet.com

types of malignant obstructions are well-established,
it remains largely unknown how such parameters
measure in malignant small bowel obstructions distal
to the ligament of Treitz. In this study, the technical
and clinical success rates were 100%, with no major
complications observed. Therefore, we propose that
SEMS placement for malignant small bowel obstruction
is equally effective and safe.
SEMS placement for malignant small bowel ob
struction is challenging given the difficulty in accessing
[10]
the site. Jeurnink et al
reported that enteral SEMS
placement could be effectively and safely performed
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for malignant obstructions of the distal duodenum or
proximal jejunum with colonoscopy. SEMS placement
via colonoscopy is preferable for treatment of these
lesions, considering the scope length and working
channel, which is large enough for the standard TTS
technique. In case 1, we used a colonoscope to deploy
the SEMS with the TTS technique, as the scope could
be advanced to the malignant stricture of the terminal
ileum; the stenting was performed successfully.
Few reports on SEMS placement for malignant
small bowel obstructions have been published. Lee
[11]
et al
reported on 19 patients with malignant small
bowel obstructions who underwent SEMS insertion.
In these patients, SEMS placement was performed
with the withdrawal-reinsertion technique using DBE.
In their report, the technical and clinical success rates
were 95% and 84%, respectively, and no major
complications were observed during the procedures.
According to the report, SEMS placement appeared
to be effective for palliation of malignant small bowel
obstructions. However, patients with malignant distal
small bowel obstructions were excluded from the
report; therefore, the efficacy and safety of SEMS
placement in these regions was largely unknown.
As current enteroscopy systems do not possess
working channels large enough for stent delivery
systems to pass through, SEMS placement utilizing
the TTS technique with an enteroscope is not possible.
Therefore, the TTO technique was developed by
modifying the OTW technique for SEMS placement
in malignant distal small bowel obstructions using
[5]
DBE. Ross et al reported a case of malignant distal
duodenal obstruction treated with SEMS placement
using DBE with the TTO technique, similar to case
[6]
2 of our study. Lennon et al reported a similar
technique using SE. The key to this technique is the
ability to reach the stricture and lock the overtube in
position at the location; this provides a sheath through
which the stent could easily pass the stricture and
be deployed. Although this technique can potentially
treat deeper malignant small bowel obstructions, the
few case reports that are available have only used this
technique in the distal duodenum, proximal jejunum,
[5,6,11-14]
or surgically-reconstructed intestines
. To the
best of our knowledge, case 3 of our study is the first
case of SEMS placement in a malignant distal small
bowel obstruction.
[15]
Shimatani et al recently reported on SEMS place
ment for malignant afferent-loop obstruction using
the TTS technique with a new short-type DBE (EI-580
BT; Fujifilm, Tokyo, Japan). As the new short-type
DBE has a 3.2-mm working channel, the 9 Fr SEMS
delivery system can be used with the TTS technique.
We believe that a long-type DBE (also with a 3.2-mm
working channel) will be developed in the near future.
This will allow treatment of deeper malignant small
bowel obstructions with SEMS placement using the
TTS technique.
In conclusion, our study revealed that palliative

WJG|www.wjgnet.com

SEMS placement is safe and effective in malignant
small bowel obstructions. However, given our
small sample size, further studies are warranted.
Nevertheless, we believe that SEMS placement will
play a significant role in the primary treatment of
malignant small bowel obstructions in the near future,
with further development of endoscopy and SEMS
delivery systems.
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Three patients (a 60-year-old woman, an 87-year-old woman, and a 69-yearold woman) presented with small bowel obstruction due to pancreatic cancer.

Clinical diagnosis

An abdominal computed tomography (CT) scan revealed the clinical diagnoses
in all cases.

Imaging diagnosis

Abdominal CT showed small bowel obstruction because of pancreatic cancer.

Treatment

Endoscopic self-expandable metallic stents (SEMS) were placed in each
patient.

Related reports

Only a few reports regarding SEMS placement for malignant small bowel
obstructions have been published. Notably, case 3 in this study may be the first
reported case of SEMS placement in a malignant distal small bowel obstruction.

Term explanation

through-the-scope was defined as tube-through-the-scope, over-the-guidewire
was defined as over-the-guidewire, and through-the-overtube was defined as
through-the-overtube.

Experiences and lessons

The authors present 3 cases of malignant small bowel obstruction that received
palliative SEMS placement safely and effectively. The SEMS placement will play
a significant role in the primary treatment of malignant small bowel obstruction
in the near future, with further development of endoscopy and SEMS delivery
systems.
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Abstract

Institutional review board statement: Oita Red Cross Hospital
Institutional Review Board dose not require approval for case
reports.

Gastric fundic gland polyps (FGPs) are common nonadenomatous gastric polyps arising from normal fundic
mucosa without Helicobacter pylori (H. pylori ) infection.
Although systemic FGPs associated with familial
adenomatous polyposis (FAP) often have dysplasia,
there are few reports of dysplasia occurring in sporadic
FGPs, especially when detected by magnifying
endoscopy with narrow band imaging (ME-NBI). We
experienced two cases of adenocarcinoma occurring
in sporadic FGPs, and their ME-NBI findings were very
useful for differentiating FGP with cancer from nondysplastic FGP. A 68-year-old man and a 63-year-old
woman were referred to our institution for medical
checkup. H. pylori was negative in both patients.
Endoscopic examination revealed a small reddish

Informed consent statement: The patients involved in this
case report authorized the disclosure of their protected health
information for academic purposes.
Conflict-of-interest statement: All authors indicate that they
have no financial interests or potential conflicts of interest to
declare.
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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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and gastric cancer, the new entity “adenocarcinoma of
fundic gland type” has been increasingly reported as a
[7]
representative neoplasia with no H. pylori infection .
An increased risk of FGPs has been reported with
long term use of proton pump inhibitors (PPIs) therapy
in H. pylori-negative patients with symptomatic
[8]
gastroesophageal reflux disease . Although it is rare,
endoscopists must be vigilant for dysplasia from FGPs
as one of representing neoplasias with no H. pylori
infection. However, the endoscopic finding of FGPs
with dysplasia, especially sporadic cases, has not been
described. Furthermore, there has been no report of
findings using magnifying endoscopy with narrow band
imaging (ME-NBI).
We experienced two cases of adenocarcinoma
occurring in sporadic FGP, and their ME-NBI findings
were very useful for differentiating dysplastic from
non-dysplastic FGP.

polypoid lesion on the anterior wall of the upper gastric
body and several FGPs. ME-NBI showed an irregular
microvascular architecture composed of closed loop- or
open loop-type vascular components, plus an irregular
microsurface structure composed of oval-type surface
components which was different from that of FGPs. FAP
was denied because of the absence of colon polyps and
no familial history of FAP. Pathological diagnosis was
adenocarcinoma occurring in sporadic FGP.
Key words: Sporadic type; Adenocarcinoma; Magnifying
endoscopy with narrow band imaging; Adenocarcinoma
without Helicobacter pylori infection; Fundic gland
polyp
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric fundic gland polyps (FGPs) are common
non-adenomatous gastric polyps arising from normal
fundic mucosa without Helicobacter pylori infection.
Although systemic FGPs associated with familial
adenomatous polyposis often have dysplasia, there are
few reports of dysplasia occurring in sporadic FGPs,
especially when detected by magnifying endoscopy with
narrow band imaging (ME-NBI). We experienced two
cases of adenocarcinoma occurring in sporadic FGPs.
ME-NBI showed an irregular microvascular architecture
plus an irregular microsurface structure which was
different from that of FGPs. ME-NBI findings were very
useful for differentiating FGP with cancer from nondysplastic FGP.

CASE REPORT
Case 1

A 68-year-old man was referred to our institution for
medical checkup. He had no medical history of PPIs
use and no family history of FAP. H. pylori was negative
by urea breath test and antibody in blood serum.
Upper endoscopic examination revealed a reddish
polypoid lesion of approximately 5 mm in size adjacent
to an isochromatic small polyp that was thought to
be FGP on the anterior wall of the upper gastric body
(Figure 1A). In addition to these two polypoid lesions,
there were several FGPs in non-atrophic background
mucosa. ME-NBI of the reddish polypoid lesion showed
an irregular microvascular (MV) architecture composed
of closed loop- or open loop-type vascular components,
with an irregular microsurface structure (MS) com
posed of oval-type surface components (vessels within
epithelium pattern; Figure 1B). In contrast, ME-NBI
of the adjacent isochromatic polyp showed regularly
arranged round gastric pits with regularly arranged
honeycomb-like microvessels (epithelium within
vessels pattern; Figure 1C). Biopsy specimen from
the reddish polypoid lesion was suspicious for gastric
adenocarcinoma of differentiated type. From these
findings, we suspected that the reddish polypoid lesion
was an intramucosal adenocarcinoma of differentiated
type, whereas the adjacent isochromatic polyp was a
non-dysplastic FGP.
After obtaining informed consent, we resected
these two polypoid lesions by endoscopic submucosal
dissection (ESD). Histological examination of the en
bloc specimen showed that the reddish polypoid lesion
was very well-differentiated adenocarcinoma (Figure
2A and B). Irregularly branching tumor glands with
atypical nuclei were found in the surface part of the
lesion, and proliferation of fundic glands was observed
with some cystic dilatation at the basal part of the
lesion (Figure 2B and C). Immunohistochemical study

Togo K, Ueo T, Yonemasu H, Honda H, Ishida T, Tanabe H,
Yao K, Iwashita A, Murakami K. Two cases of adenocarcinoma
occurring in sporadic fundic gland polyps observed by
magnifying endoscopy with narrow band imaging. World J
Gastroenterol 2016; 22(40): 9028-9034 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i40/9028.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i40.9028

INTRODUCTION
Gastric fundic gland polyps (FGPs) are the most
common non-adenomatous gastric polyps composed
of cystically dilated fundic glands beneath a normal
gastric foveolar epithelium without Helicobacter pylori
[1]
(H. pylori) infection and atrophic gastritis . FGPs
were initially recognized as one of the gastric lesions
in patients with familial adenomatous polyposis
(FAP). In such systemic FGPs, foveolar dysplasia and
rarely invasive gastric adenocarcinoma have been
[2,3]
reported . In contrast to FGPs without FAP, namely
“sporadic FGPs”, it is extremely rare to encounter
dysplasia, even though it is frequently encountered in
[2,4-6]
sporadic FGPs in daily clinical practice
.
Despite the strong link between H. pylori infection
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A
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Figure 1 Conventional endoscopy in Case 1. Reveals a reddish polypoid lesion adjacent to an isochromatic small polyp on the anterior wall of the upper gastric
body (A). ME-NBI of the reddish polypoid lesion shows an irregular microvascular architecture composed of closed loop- or open loop-type vascular components,
plus irregular microsurface structure composed of oval-type surface components with demarcation line (vessels within epithelium pattern; B); ME-NBI of the adjacent
isochromatic polyp shows regularly arranged round gastric pits within regularly arranged honeycomb-like microvessels with demarcation line (epithelium within vessels
pattern; C).
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#

B

C

D

E

Figure 2 Histological examination of the endoscopic submucosal dissection specimen from Case 1. Shows that the left side lesion (#) is consistent with
reddish polypoid and the right side lesion is consistent with isochromatic small polyp (A). High magnification of the left side lesion (#) shows irregularly branching
tumor glands with atypical nuclei at the surface part of the lesion, and proliferation of fundic glands with some cystic dilatation at the basal part of the lesion, which
was diagnosed as very well-differentiated adenocarcinoma occurring in FGP (B and C). High magnification of the right side lesion shows proliferation of fundic glands
with some cystic dilatation, which was diagnosed as FGP without dysplasia (D and E). FGP: Gastric fundic gland polyp.
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A

B

C

Figure 3 Conventional endoscopy in Case 2. Reveals a reddish polypoid lesion adjacent to an isochromatic small polyp on the anterior wall of the upper gastric
body (A). ME-NBI of the reddish polypoid lesion shows an irregular microvascular architecture composed of closed loop- or open loop-type vascular components,
plus irregular microsurface structure composed of oval-type surface components with demarcation line (vessels within epithelium pattern; B). ME-NBI of the adjacent
isochromatic polyp shows regularly arranged round gastric pits within regularly arranged honeycomb-like microvessels with demarcation line (epithelium within vessels
pattern; C).

showed that the tumor cells were positive for MUC5AC
and negative for MUC6 pepsinogen-I, H, K-ATPase,
CD10, MUC2 and p53. Ki67 was diffusely present
in tumor cells. Beta-catenin was positive on the cell
membrane of both neoplastic and non-neoplastic
cells. The final pathological diagnosis was very welldifferentiated adenocarcinoma occurring in FGP (4
mm × 4 mm in size, tub1, pT1a (M), ly0, v0, pHM0,
pVM0). In contrast, histological examination of the
adjacent isochromatic polyp showed proliferation of
fundic glands with some cystic dilatation, and was
diagnosed as FGP without dysplasia (Figure 2A, D and
E). FAP was denied because of the absence of colon
polyps and no familial history of FAP.

obtaining informed consent, we resected these two
polypoid lesions by ESD. Histological examination of
the en bloc specimen showed that the reddish polypoid
lesion was very well-differentiated adenocarcinoma
(Figure 4A and B). Irregularly branching tumor glands
with atypical nuclei were found at the surface part of
the lesion, and proliferation of fundic glands with some
cystic dilatation were observed at the basal part of the
lesion (Figure 4B and C). Immunohistochemical study
showed that the tumor cells were positive for MUC5AC
and negative for MUC6, CD10, MUC2 and p53. Ki67
was diffusely distributed in tumor cells. Beta-catenin
was positive on the cell membrane of both neoplastic
and non-neoplastic cells. The final pathological dia
gnosis was very well-differentiated adenocarcinoma
occurring in FGP [3 mm × 3 mm in size, tub1, pT1a
(M), ly0, v0, pHM0, pVM0]. In contrast, histological
examination of the adjacent isochromatic polyp
showed proliferation of fundic glands with some cystic
dilatation, and was diagnosed FGP without dysplasia
(Figure 4A, D and E). FAP was denied because of the
absence of colon polyps and no familial history of FAP.

Case 2

A 63-year-old woman was referred to our institution for
management of a newly diagnosed gastric tumor. She
had no medical history of PPIs use and no family history.
H. pylori was negative by antibody in blood serum
and antigen in stool. Upper endoscopic examination
revealed a reddish polypoid lesion approximately 3
mm in size adjacent to an isochromatic small polyp
that was thought to be FGP on the anterior wall of
the upper gastric body (Figure 3A). There were many
additional FGPs in non-atrophic background mucosa
as well. ME-NBI of the reddish polypoid lesion and
adjacent isochromatic polyp were almost the same
as described for Case 1. Briefly, the reddish polypoid
lesion showed an irregular MV pattern and irregular MS
pattern with demarcation (vessels within epithelium
pattern; Figure 3B), while the adjacent isochromatic
polyp showed a regular MV pattern and regular MS
pattern with demarcation (epithelium within vessels
pattern; Figure 3C). Although biopsy specimen
from the reddish polypoid lesion was suspicious for
adenoma, we suspected that the reddish polypoid
lesion was an adenocarcinoma occurring in FGP as
we experienced in Case 1, whereas the adjacent
isochromatic polyp was non-dysplastic FGP. After
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DISCUSSION
FGPs are the most common types of gastric polyps.
[9]
Stolte et al reported that FGPs were found in
[9]
[10]
47.0% of all types of gastric polyps . Genta et al
reported that FGPs were found in up to 5.9% of adults
undergoing upper endoscopic examination. Because
of its high prevalence, FGPs have been thought to
be an incidental finding with little clinical significance
in most patients. However, FGPs have important
clinical significance in that they basically occur in
gastric mucosa without atrophic gastritis or H. pylori
[10,11]
infection
. This is quite different from other gastric
polyps such as hyperplastic polyps or adenomas which
have a strong link to H. pylori infection. When we find
multiple FGPs in the stomach, we must be careful to
rule out FAP, since FGPs arise in both sporadic and
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Figure 4 Histological examination of the endoscopic submucosal dissection specimen from Case 2. Shows that the right side lesion (#) is consistent with
reddish polypoid and the left side lesion is consistent with isochromatic small polyp (A). High magnification of the right side lesion (#) shows irregularly branching
tumor glands with atypical nuclei at the surface part of the lesion, and proliferation of fundic glands with some cystic dilatation at the basal part of the lesion, which was
diagnosed as very well-differentiated adenocarcinoma occurring in fundic gland polyps (FGPs) (B and C). High magnification of the left side lesion shows proliferation
of fundic glands with some cystic dilatation, which was diagnosed as FGP without dysplasia (D and E). FGP: Gastric fundic gland polyp.

systemic clinical settings associated with FAP patients.
Moreover, systemic FGPs are more likely to be multiple
[12]
polyps compared to the sporadic setting . Although
multiple FGPs were observed in the present two cases,
we ruled out FAP by negative colonoscopy findings and
no family history of FAP in either case.
Systemic FGPs often contain low-grade dysplasia in
superficial foveolar epithelium with an incidence rate
[2]
of 25% , but high-grade dysplasia and rarely invasive
[3,13]
gastric adenocarcinoma have been reported
. In
contrast, sporadic FGPs have been thought to be
benign lesions with less malignant potential. Lowgrade dysplasia was diagnosed in only 1% of sporadic
[2]
FGPs (3 of 270 cases) . There are only two reports
showing that sporadic FGPs had high-grade dysplasia
[4,5]
or adenocarcinoma .
Because it is extremely rare, there are few endo
scopic findings of sporadic FGPs with dysplasia, and no

WJG|www.wjgnet.com

reports of findings using ME-NBI.
Regarding the conventional endoscopic finding
of tumor color in the present cases, it was only the
FGPs with carcinoma that showed a reddish color,
while several FGPs located at another site all showed
[14]
isochromatic color. Maki et al
reported that reddish
coloration by conventional endoscopy was a useful
objective marker for differentiating cancerous lesions
from superficial elevated lesions of the stomach.
The appearance of reddish coloration in conventional
endoscopy may therefore be useful for detecting and
differentiating cancerous lesions from non-dysplastic
FGPs. Furthermore, the ME-NBI findings of FGPs
with cancer were completely different from those of
FGPs without dysplasia. FGPs with cancer showed an
irregular MV pattern plus irregular MS pattern with
demarcation (vessels within epithelium pattern),
whereas FGPs without dysplasia showed a regular
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Experiences and lessons

MV pattern and regular MS pattern with demarcation
(epithelium within vessels pattern). These ME-NBI
findings may accurately reflect the surface structure
and tumor vessels of the adenocarcinoma component
of foveolar type pathologically.
Considering the fate of this well-differentiated
adenocarcinoma from sporadic FGP, there is no report
of advanced adenocarcinoma from sporadic FGP.
Therefore, we speculate that such cancer has less
malignant potential, and may not increase in size or
even diminish spontaneously. Furthermore, a recent
report from systematic review and meta-analysis
revealed that long-term use of PPIs therapy increase
[15]
the risk of FGPs . Although it is unclear whether
[15]
dysplasia occurs in such PPIs associated FGPs ,
PPIs have been widely used in clinical practice. It is
expected that we encounter FGPs more frequently in
future, and may encounter FGPs with cancer in such
cases.
In summary, we reported two cases of adenoca
rcinoma occurring in sporadic FGP. Reddish coloration
by conventional endoscopy and ME-NBI findings were
very useful for differentiating FGP with cancer from
non-dysplastic FGP.

Reddish coloration by conventional endoscopy and ME-NBI findings were very
useful for differentiating FGP with cancer from non-dysplastic FGP.

Peer-review

This is a well written manuscript describing the significance of endoscopic
findings of sporadic FGPs with malignant potential.

REFERENCES
1
2

3

4

5

COMMENTS
COMMENTS
Case characteristics

6

A 68-year-old man and a 63-year-old woman without apparent symptoms were
referred to our institution. They had no medical history of proton pump inhibitor
use and no family history.

Clinical diagnosis

7

Gastric fundic gland polyps (FGPs).

Differentiated diagnosis
Gastric hyperplastic polyps.

8

Laboratory diagnosis

Helicobacter pylori was negative by antibody in blood serum.

9

Imaging diagnosis

Suspicious for gastric adenocarcinoma of differentiated type by magnifying
endoscopy with narrow band imaging (ME-NBI).

10

Pathological diagnosis

The final pathological diagnosis was very well-differentiated adenocarcinoma
occurring in FGP.

11

Treatment

Resected by endoscopic submucosal dissection in both cases.

12

Related reports

There are only two reports showing that sporadic FGPs had high-grade
dysplasia or adenocarcinoma.

13

Term explanation

FGPs are initially recognized as one of the gastric lesions in patients with
familial adenomatous polyposis (FAP). In contrast, sporadic FGPs which are
not associated with FAP, we frequently encounter in daily clinical practice.

WJG|www.wjgnet.com

14

9033

Lee RG, Burt RW. The histopathology of fundic gland polyps
of the stomach. Am J Clin Pathol 1986; 86: 498-503 [PMID:
3020962]
Wu TT, Kornacki S, Rashid A, Yardley JH, Hamilton SR.
Dysplasia and dysregulation of proliferation in foveolar and
surface epithelia of fundic gland polyps from patients with familial
adenomatous polyposis. Am J Surg Pathol 1998; 22: 293-298
[PMID: 9500770]
Zwick A, Munir M, Ryan CK, Gian J, Burt RW, Leppert M, Spirio
L, Chey WY. Gastric adenocarcinoma and dysplasia in fundic
gland polyps of a patient with attenuated adenomatous polyposis
coli. Gastroenterology 1997; 113: 659-663 [PMID: 9247488]
Jalving M, Koornstra JJ, Götz JM, van der Waaij LA, de Jong
S, Zwart N, Karrenbeld A, Kleibeuker JH. High-grade dysplasia
in sporadic fundic gland polyps: a case report and review of the
literature. Eur J Gastroenterol Hepatol 2003; 15: 1229-1233
[PMID: 14560158]
Kawase R, Nagata S, Onoyama M, Nakayama N, Honda Y,
Kuwahara K, Kimura S, Tsuji K, Ohgoshi H, Sakatani A, Kaneko M,
Ito M, Shimamoto F, Hidaka T. A case of gastric adenocarcinoma
arising from a fundic gland polyp. Clin J Gastroenterol 2009; 2:
279-283 [PMID: 26192425 DOI: 10.1007/s12328-009-0096-6]
Tazaki S, Nozu F, Yosikawa N, Imawari M, Suzuki N, Tominaga
K, Hoshino M, Suzuki S, Hayashi K. Sporadic fundic gland polyprelated adenomas occurred in non-atrophic gastric mucosa without
helicobacter pylori infection. Dig Endosc 2011; 23: 182-186
[PMID: 21429026]
Ueyama H, Yao T, Nakashima Y, Hirakawa K, Oshiro Y, Hirahashi
M, Iwashita A, Watanabe S. Gastric adenocarcinoma of fundic
gland type (chief cell predominant type): proposal for a new entity
of gastric adenocarcinoma. Am J Surg Pathol 2010; 34: 609-619
[PMID: 20410811 DOI: 10.1097/PAS.0b013e3181d94d53]
Freeman HJ. Proton pump inhibitors and an emerging epidemic
of gastric fundic gland polyposis. World J Gastroenterol 2008; 14:
1318-1320 [PMID: 18322941]
Stolte M, Sticht T, Eidt S, Ebert D, Finkenzeller G. Frequency,
location, and age and sex distribution of various types of gastric
polyp. Endoscopy 1994; 26: 659-665 [PMID: 7859674 DOI:
10.1055/s-2007-1009061]
Genta RM, Schuler CM, Robiou CI, Lash RH. No association
between gastric fundic gland polyps and gastrointestinal neoplasia
in a study of over 100,000 patients. Clin Gastroenterol Hepatol
2009; 7: 849-854 [PMID: 19465154]
Kishikawa H, Kaida S, Takarabe S, Miyoshi J, Matsukubo T,
Miyauchi J, Tanaka Y, Miura S, Nishida J. Fundic gland polyps
accurately predict a low risk of future gastric carcinogenesis. Clin
Res Hepatol Gastroenterol 2014; 38: 505-512 [PMID: 24637176]
Iida M, Yao T, Watanabe H, Itoh H, Iwashita A. Fundic gland
polyposis in patients without familial adenomatosis coli: its
incidence and clinical features. Gastroenterology 1984; 86:
1437-1442 [PMID: 6714572]
Sekine S, Shimoda T, Nimura S, Nakanishi Y, Akasu T, Katai
H, Gotoda T, Shibata T, Sakamoto M, Hirohashi S. High-grade
dysplasia associated with fundic gland polyposis in a familial
adenomatous polyposis patient, with special reference to APC
mutation profiles. Mod Pathol 2004; 17: 1421-1426 [PMID:
15494708 DOI: 10.1038/modpathol.3800178]
Maki S, Yao K, Nagahama T, Beppu T, Hisabe T, Takaki Y, Hirai

October 28, 2016|Volume 22|Issue 40|

Togo K et al . Adenocarcinoma in sporadic fundic gland polyp
F, Matsui T, Tanabe H, Iwashita A. Magnifying endoscopy with
narrow-band imaging is useful in the differential diagnosis between
low-grade adenoma and early cancer of superficial elevated gastric
lesions. Gastric Cancer 2013; 16: 140-146 [PMID: 22592604 DOI:
10.1007/s10120-012-0160-7]

15

Tran-Duy A, Spaetgens B, Hoes AW, de Wit NJ, Stehouwer
CD. Use of Proton Pump Inhibitors and Risks of Fundic Gland
Polyps and Gastric Cancer: Systematic Review and Meta-analysis.
Clin Gastroenterol Hepatol 2016; Epub ahead of print [PMID:
27211501 DOI: 10.1016/j.cgh.2016.05.018]

P- Reviewer: Kishikawa H, Viola LA

WJG|www.wjgnet.com

9034

S- Editor: Qi Y L- Editor: A
E- Editor: Zhang FF

October 28, 2016|Volume 22|Issue 40|

World J Gastroenterol 2016 October 28; 22(40): 9035-9038
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.i40.9035

© 2016 Baishideng Publishing Group Inc. All rights reserved.

LETTERS TO THE EDITOR

Establishment of various biliary tract carcinoma cell lines
and xenograft models for appropriate preclinical studies
Hidenori Ojima, Seri Yamagishi, Kazuaki Shimada, Tatsuhiro Shibata
Hidenori Ojima, Division of Molecular Pathology, National
Cancer Center Research Institute, Tokyo 104-0045, Japan

Received: July 13, 2016
Peer-review started: July 16, 2016
First decision: August 19, 2016
Revised: September 8, 2016
Accepted: September 28, 2016
Article in press: September 28, 2016
Published online: October 28, 2016

Hidenori Ojima, Department of Pathology, Keio University
School of Medicine, Tokyo 104-0045, Japan
Seri Yamagishi, Tatsuhiro Shibata, Division of Cancer
Genomics, National Cancer Center Research Institute, Tokyo
104-0045, Japan
Kazuaki Shimada, Hepatobiliary and Pancreatic Surgery
Division, National Cancer Center Hospital, Tokyo 104-0045,
Japan

Abstract
We recently reported several driver genes of biliary
tract carcinoma (BTC) that are known to play important
roles in oncogenesis and disease progression. Although
the need for developing novel therapeutic strategies
is increasing, there are very few BTC cell lines and
xenograft models currently available for conducting
preclinical studies. Using a total of 88 surgical BTC
specimens and 536 immunodeficient mice, 28 xenograft
models and 13 new BTC cell lines, including subtypes,
were established. Some of our cell lines were found
to be resistant to gemcitabine, which is currently
the first choice of treatment, thereby allowing highly
practical preclinical studies to be conducted. Using the
aforementioned cell lines and xenograft models and a
clinical pathological database of patients undergoing
BTC resection, we can establish a preclinical study
system and appropriate parameters for drug efficacy
studies to explore new biomarkers for practical
applications in the future studies.
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Core tip: Although the need for developing novel

9035

October 28, 2016|Volume 22|Issue 40|

Ojima H et al . Establishing biliary tract carcinoma cell lines

therapeutic strategies for biliary tract carcinoma (BTC)
is increasing, there are only few xenograft models
and cell lines available for in vivo and in vitro studies,
respectively. To conduct appropriate preclinical studies,
we established 28 xenograft models and 13 new BTC
cell lines using several surgical BTC specimens and
immunodeficient mice. Using the aforementioned cell
lines and xenograft models and a clinical pathological
database of patients undergoing BTC resection, we
can establish appropriate parameters for drug efficacy
studies to explore new biomarkers for practical
applications in the future studies.

Clinical samples

Cooperative study
New drugs from
Pharmaceutical companies
Models
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Gene clinicopathological database
Working together
Clinicopathological data
mRNA expression profiles
Genetic mutation data

Xenograft 28 cases
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Results of drug efficacy tests

Immunohistochemical expression analysis of many operative cases
Appropriate data for clinical trials

Ojima H, Yamagishi S, Shimada K, Shibata T. Establishment of
various biliary tract carcinoma cell lines and xenograft models
for appropriate preclinical studies. World J Gastroenterol 2016;
22(40): 9035-9038 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i40/9035.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i40.9035

Figure 1 Relationship between our materials and databases. There are
three key factors: clinical samples, databases, and biliary tract carcinoma
(BTC) models. Both the models and the databases are derived from the
clinical samples. These databases comprise “clinicopathological data”, “mRNA
expression profiles”, and “genetic mutation data”. BTC models are “xenograft
models” and “cell lines”. These models are used for cooperative studies with
pharmaceutical companies for translational research. For example, they provide
us with new anti-cancer drugs, and we can perform drug efficacy tests. If
necessary, we can also perform an immunohistochemical expression analysis.
Then, we can compare the results of the analysis with those in the databases
and validate them. After these steps, we can provide appropriate data to
clinicians. Together, these databases and materials make translational research
far more detailed and suitable for clinical trials.

TO THE EDITOR
Biliary tract carcinoma (BTC) is an extremely malignant
tumor. The incidence and mortality rates of BTC are
currently rising and are particularly high in Asian
countries. Surgical resection is the only curative
treatment; however, most cases are diagnosed to be at
advanced and inoperable stages by the time patients
visit a hospital. The most serious problem is that
there are no efficient chemotherapeutic regimens for
patients with inoperable or recurrent BTC. Worldwide,
gemcitabine-cisplatin combination therapy is the first
choice, but clinicians are not satisfied with its efficacy.
New drugs are needed for BTC patients.
Recently, we conducted genomic analyses of
clinical specimens from 260 patients, which is the
largest study till date, wherein we identified genomic
abnormalities, which could be potential therapeutic
targets, in 32 driver genes that play important
roles in oncogenesis and disease progression in ap
[1]
proximately 40% of BTC patients . Although the
need for developing novel therapeutic strategies is
increasing, there are very few BTC-related resources
currently available for conducting preclinical studies.
The main reasons are as follows: the number of
surgical BTC patients is not high at a single institute,
and there is no large clinicopathological database.
It is difficult to obtain surgical specimens for basic
research. Therefore, there are only few xenograft
models and cell lines available for in vivo and in vitro
studies.
To conduct appropriate preclinical studies, surgical
BTC specimens (collected from Japanese patients
at the National Cancer Center Hospital, Tokyo,
Japan since 2005 in an appropriate manner without
any interference to pathological diagnosis) were
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directly transplanted into immunodeficient mice and
subjected to cell culture medium to establish xenograft
models and cell lines, respectively, as reported in
[2]
2010 . From a total of 88 BTC specimens and 536
immunodeficient mice during the period 2005-2013,
we established 28 xenograft models (18 intrahepatic
cholangiocarcinoma, four perihilar, and six distal BTC)
and 13 new BTC cell lines, including subtypes (eight
intrahepatic cholangiocarcinoma, two perihilar, and
three distal BTC) (Table 1). Some of our established
cell lines were found to be resistant to gemcitabine
(Table 2), thereby allowing highly practical preclinical
studies to be conducted. In addition, we conducted
molecular pathology analyses of cell lines and
constructed a clinical pathological database of patients
undergoing BTC resection to establish appropriate
parameters for drug efficacy studies to explore new
[2-5]
biomarkers for practical applications (Figure 1)
.
All experiments were approved by the Animal Care
and Ethics Committee of the National Cancer Center
(ID: T05-046). This study was approved by the Ethical
Committee of the National Cancer Center (ID: 2007-022).
Preclinical studies have found very little evidence
regarding the combined effects of prospective anticancer
combination therapies, including gemcitabine. There
fore, we continue to examine the combined effects of
the utility of the Bliss method and combination index
to assess the prognosis of BTC. Moreover, we are going
to release some of our resources and data in the near
future. We believe that our materials and data will not
only aid in conducting appropriate preclinical studies but
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Table 1 Clinicopathological features of original biliary tract tumors
Pathological
diagnosis of original
tumor

Age/sex

Histologic type

Prognosis (survival
days)

Chemotherapy

1
2

CCC
CCC

70/F
71/F

Adeno, mod
Adeno, mod

Death (402)
Death (175)

Non
Non

3

CCC

59/M

Adeno, mod

Alive (2172)

Non

4

CCC

31/M

Adeno, mod + PSC

Death (386)

GEM + TS1

5
6
7
8

Distal BDCa
Distal BDCa
Distal BDCa
Hilar BDCa

58/F
77/F
80/M
74/M

Adeno, mod
Adeno, mod
Adeno, mod
Adeno, mod

Death (299)
Death (393)
Death (212)
Death (172)

GEM
GEM
Non
Non

PD
PD

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Hilar BDCa
Hilar BDCa
CCC
CCC
CCC
CCC
CCC
CCC
CCC
CCC
CCC
CCC
CCC
CCC
CCC
CCC
Hilar BDCa
Distal BDCa
Distal BDCa
Distal BDCa

48/M
43/M
69/M
54/F
56/M
73/M
54/M
45/F
72/M
78/M
66/M
65/M
70/M
63/F
72/M
77/F
66/M
54/M
67/M
80/M

Adeno, well
Adeno, mod
Adeno, mod
Adeno, mod
Adeno, mod
Adeno, mod
Adeno, mod
Adeno, mod
Muc
Adeno, mod
Adeno, mod
CoCC
Adeno, por
Adeno, mod
Adeno, mod
Adeno, mod
Adeno, mod
Adeno, mod
Adeno, mod
Adeno, mod

Alive (500)
Alive (1422)
Death (174)
Death (181)
Death (319)
Death (53)
Alive (2608)
Alive (882)
Death (749)
Death (382)
Death (168)
Alive (1604)
Death (851)
Alive (363)
Death (394)
Death (445)
Alive (102)
Alive (2096)
Death (672)
Alive (2024)

GEM
Non
Non
Non
GEM
Non
Non
GEM + CDDP
GEM/GEM + TS1
GEM
Non
Non
GEM
Unknown
GEM
GEM
GEM + TS1
Non
GEM + TS1
GEM

PD

Xenograft

Clinical evaluation of
chemotherapy effect
(effective days)

SD (84 d)

PD

Unknown
Unknown
Unknown

SD (49 d)
Unknown
PD
SD (105 d)
Unknown
PD
PR-CR (548 d)

Established cell line

NCC-CC1
NCC-CC3-1
NCC-CC3-2
NCC-CC4-1
NCC-CC4-2
NCC-CC4-3(NCCCC5)
NCC-CC6-1
NCC-CC6-2
NCC-BD1
NCC-BD21
NCC-BD3
NCC-BD4-1
NCC-BD4-2
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

1

BD2 was obtained from the direct culture of patient specimens. CCC: Cholangiocellular carcinoma; BDCa: Bile duct carcinoma; Adeno: Adenocarcinoma;
mod: Moderately differentiated; PSC: Primary sclerosing cholangitis; Muc: Mucinous carcinoma; CoCC: Cholangiolocellular carcinoma; por: Poorly
differentiated; non: No chemotherapy received; GEM: Gemcitabine; CDDP: Cisplatin; SD: Stable disease; PD: Progressive disease; PR: Partial response; CR:
Complete response.

Table 2 Sensitivity to gemcitabine in each cell line
Cell line

Sensitivity to gemcitabine in cell line

NCC-CC1
NCC-CC3-1
NCC-CC3-2
NCC-CC4-1
NCC-CC4-2
NCC-CC4-3 (NCC-CC5)
NCC-CC6-1
NCC-CC6-2
NCC-BD1
NCC-BD2
NCC-BD3
NCC-BD4-1
NCC-BD4-2

1

IC50 (µmol/L)

IC60 (µmol/L)

IC70 (µmol/L)

IC80 (µmol/L)

86.78
0.04
0.10
0.05
0.03
0.06
0.01
10.98
7.66
N.A
N.A
0.04
0.06

N.A
1.82
1.92
4.08
11.53
4.92
0.02
35.67
58.00
N.A
N.A
0.06
0.07

N.A
9.31
43.83
N.A
N.A
95.10
0.06
N.A
N.A
N.A
N.A
0.09
0.19

N.A
85.21
N.A
N.A
N.A
N.A
3.76
N.A
N.A
N.A
N.A
2.93
5.37

1

The cytotoxicity of gemcitabine for each cell line was assessed by a modified 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)2H-tetrazolium, inner salt assay with CellTiter 96 Aqueous One Solution Reagent (Promega, Madison, WI, United States). Tumor cells (3000 cells⁄well) in
the exponential growth phase were grown in 96-well plates. IC: Inhibitory concentration.
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